
Cochrane Database of Systematic Reviews

Intraoperative neuromonitoring versus visual nerve

identification for prevention of recurrent laryngeal nerve

injury in adults undergoing thyroid surgery (Review)

Cirocchi R, Arezzo A, D’Andrea V, Abraha I, Popivanov GI, Avenia N, Gerardi C, Henry BM,

Randolph J, Barczyñski M

Cirocchi R, Arezzo A, D’Andrea V, Abraha I, Popivanov GI, Avenia N, Gerardi C, Henry BM, Randolph J, Barczyñski M.

Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing

thyroid surgery.

Cochrane Database of Systematic Reviews 2019, Issue 1. Art. No.: CD012483.

DOI: 10.1002/14651858.CD012483.pub2.

www.cochranelibrary.com

Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing

thyroid surgery (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

http://www.cochranelibrary.com


T A B L E O F C O N T E N T S

1HEADER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

2PLAIN LANGUAGE SUMMARY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

4SUMMARY OF FINDINGS FOR THE MAIN COMPARISON . . . . . . . . . . . . . . . . . . .

7BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Figure 1. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

Figure 2. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

Figure 3. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10

11OBJECTIVES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

11METHODS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

16RESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Figure 4. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 17

Figure 5. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 19

Figure 6. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 20

22DISCUSSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

23AUTHORS’ CONCLUSIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

24ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

24REFERENCES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

29CHARACTERISTICS OF STUDIES . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

47DATA AND ANALYSES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Analysis 1.1. Comparison 1 Intraoperative neuromonitoring versus visual nerve identification only, Outcome 1 Permanent

RILN palsy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

Analysis 1.2. Comparison 1 Intraoperative neuromonitoring versus visual nerve identification only, Outcome 2 Transient

RILN palsy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

Analysis 1.3. Comparison 1 Intraoperative neuromonitoring versus visual nerve identification only, Outcome 3 Adverse

events other than RILN palsy. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49

Analysis 1.4. Comparison 1 Intraoperative neuromonitoring versus visual nerve identification only, Outcome 4 Operative

time. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

Analysis 1.5. Comparison 1 Intraoperative neuromonitoring versus visual nerve identification only, Outcome 5 All-cause

mortality. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

51ADDITIONAL TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

55APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

79CONTRIBUTIONS OF AUTHORS . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

80DECLARATIONS OF INTEREST . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

80SOURCES OF SUPPORT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

81DIFFERENCES BETWEEN PROTOCOL AND REVIEW . . . . . . . . . . . . . . . . . . . . .

81NOTES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

iIntraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing

thyroid surgery (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



[Intervention Review]

Intraoperative neuromonitoring versus visual nerve
identification for prevention of recurrent laryngeal nerve
injury in adults undergoing thyroid surgery

Roberto Cirocchi1, Alberto Arezzo2, Vito D’Andrea3, Iosief Abraha4, Georgi I Popivanov5 , Nicola Avenia6, Chiara Gerardi7, Brandon

Michael Henry8, Justus Randolph9, Marcin Barczyñski10

1Department of General Surgery, University of Perugia, Terni, Italy. 2Department of Surgical Sciences, University of Torino, Turin, Italy.
3Department of Surgical Sciences, Sapienza University of Rome, Rome, Italy. 4Health Planning Service, Regional Health Authority of

Umbria, Perugia, Italy. 5Department of Surgery, Medical Military Academy of Sofia, Sofia, Bulgaria. 6Department of Surgical Sciences,

University of Perugia, Perugia, Italy. 7IRCCS Istituto di Ricerche Farmacologiche Mario Negri, Milan, Italy. 8Division of Cardiology,

Cincinnati Children’s Hospital Medical Center, Cincinnati, Ohio, USA. 9Georgia Baptist College of Nursing, Mercer University,

Atlanta, GA, USA. 10Department of Endocrine Surgery, Third Chair of General Surgery, Jagiellonian University, Medical College,

Krakow, Poland

Contact address: Roberto Cirocchi, Department of General Surgery, University of Perugia, Terni, 05100, Italy. cirocchiroberto@yahoo.it.

Editorial group: Cochrane Metabolic and Endocrine Disorders Group.

Publication status and date: New, published in Issue 1, 2019.

Citation: Cirocchi R, Arezzo A, D’Andrea V, Abraha I, Popivanov GI, Avenia N, Gerardi C, Henry BM, Randolph J, Bar-

czyñski M. Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve in-

jury in adults undergoing thyroid surgery. Cochrane Database of Systematic Reviews 2019, Issue 1. Art. No.: CD012483. DOI:

10.1002/14651858.CD012483.pub2.

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

Injuries to the recurrent inferior laryngeal nerve (RILN) remain one of the major post-operative complications after thyroid and

parathyroid surgery. Damage to this nerve can result in a temporary or permanent palsy, which is associated with vocal cord paresis or

paralysis. Visual identification of the RILN is a common procedure to prevent nerve injury during thyroid and parathyroid surgery.

Recently, intraoperative neuromonitoring (IONM) has been introduced in order to facilitate the localisation of the nerves and to prevent

their injury during surgery. IONM permits nerve identification using an electrode, where, in order to measure the nerve response, the

electric field is converted to an acoustic signal.

Objectives

To assess the effects of IONM versus visual nerve identification for the prevention of RILN injury in adults undergoing thyroid surgery.

Search methods

We searched CENTRAL, MEDLINE, Embase, ICTRP Search Portal and ClinicalTrials.gov. The date of the last search of all databases

was 21 August 2018. We did not apply any language restrictions.

Selection criteria

We included randomised controlled trials (RCTs) comparing IONM nerve identification plus visual nerve identification versus visual

nerve identification alone for prevention of RILN injury in adults undergoing thyroid surgery
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Data collection and analysis

Two review authors independently screened titles and abstracts for relevance. One review author carried out screening for inclusion,

data extraction and ’Risk of bias’ assessment and a second review author checked them. For dichotomous outcomes, we calculated risk

ratios (RRs) with 95% confidence intervals (CIs). For continuous outcomes, we calculated mean differences (MDs) with 95% CIs. We

assessed trials for certainty of the evidence using the GRADE instrument.

Main results

Five RCTs with 1558 participants (781 participants were randomly assigned to IONM and 777 to visual nerve identification only) met

the inclusion criteria; two trials were performed in Poland and one trial each was performed in China, Korea and Turkey. Inclusion and

exclusion criteria differed among trials: previous thyroid or parathyroid surgery was an exclusion criterion in three trials. In contrast,

this was a specific inclusion criterion in another trial. Three trials had central neck compartment dissection or lateral neck dissection

and Graves’ disease as exclusion criteria. The mean duration of follow-up ranged from 6 to 12 months. The mean age of participants

ranged between 41.7 years and 51.9 years.

There was no firm evidence of an advantage or disadvantage comparing IONM with visual nerve identification only for permanent

RILN palsy (RR 0.77, 95% CI 0.33 to 1.77; P = 0.54; 4 trials; 2895 nerves at risk; very low-certainty evidence) or transient RILN

palsy (RR 0.62, 95% CI 0.35 to 1.08; P = 0.09; 4 trials; 2895 nerves at risk; very low-certainty evidence). None of the trials reported

health-related quality of life. Transient hypoparathyroidism as an adverse event was not substantially different between intervention and

comparator groups (RR 1.25; 95% CI 0.45 to 3.47; P = 0.66; 2 trials; 286 participants; very low-certainty evidence). Operative time

was comparable between IONM and visual nerve monitoring alone (MD 5.5 minutes, 95% CI −0.7 to 11.8; P = 0.08; 3 trials; 1251

participants; very low-certainty evidence). Three of five included trials provided data on all-cause mortality: no deaths were reported.

None of the trials reported socioeconomic effects. The evidence reported in this review was mostly of very low certainty, particularly

because of risk of bias, a high degree of imprecision due to wide confidence intervals and substantial between-study heterogeneity.

Authors’ conclusions

Results from this systematic review and meta-analysis indicate that there is currently no conclusive evidence for the superiority or

inferiority of IONM over visual nerve identification only on any of the outcomes measured. Well-designed, executed, analysed and

reported RCTs with a larger number of participants and longer follow-up, employing the latest IONM technology and applying new

surgical techniques are needed.

P L A I N L A N G U A G E S U M M A R Y

Identification of nerves using an electrode compared with visual nerve identification for adults undergoing thyroid surgery

Review question

To assess the effects of intraoperative neuromonitoring compared with visual nerve identification for the prevention of recurrent

laryngeal nerve injury during thyroid surgery in adults.

Background

Thyroidectomy is an operation that removes a part or all of the thyroid gland to cure benign disorders (for example multinodular

goitre), or cancer. The recurrent laryngeal nerves are responsible for the movement of the vocal cords and they can easily be injured

during thyroid surgery, resulting in one-sided or two-sided vocal cord paralysis leading to difficulty in speaking (dysphonia), breathing

problems, or both. This, in turn may result in decreased health-related quality of life and may lead to permanent disability. Visual

identification of recurrent laryngeal nerves during surgery has long been a standard procedure to prevent their injury. Recently,

intraoperative neuromonitoring, which identifies nerves using an electrode, has been introduced to help the surgeon find and protect

the recurrent laryngeal nerves.

Trial characteristics

We searched for randomised controlled trials (trials where the participants are randomly allocated to one, two, or more treatment arms),

comparing intraoperative neuromonitoring plus visual nerve identification with visual nerve identification alone. We included only

trials that reported data on participants older than 18 years who underwent thyroid surgery. We excluded trials with participants with

previous neck surgery or repeated laryngeal nerve paralysis. We included five trials with a total of 1558 participants; 781 participants
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were allocated to intraoperative neuromonitoring and 777 participants were allocated to visual nerve identification only. Two trials

took place in Poland and one study each in Turkey, China and Korea. The average age of participants ranged between 41.7 years and

51.9 years.

This evidence is up to date as of 21 August 2018.

Key results

There was no firm evidence of an advantage or disadvantage comparing intraoperative neuromonitoring with visual nerve identification

only for permanent or temporary recurrent laryngeal nerve paralysis, side effects and the time the operation lasted. Three of five included

trials had data on all-cause mortality and reported no deaths. None of the trials reported health-related quality of life or socioeconomic

effects (for example costs related to hospital stay). We need well-designed, executed, analysed and reported trials, with a larger number

of participants and longer observation periods after surgery, using the latest intraoperative neuromonitoring technology and applying

new surgical techniques.

Certainty of the evidence

We are very uncertain about the effects of intraoperative neuromonitoring compared with visual nerve identification for the prevention

of recurrent laryngeal nerve injury during thyroid surgery. There were only a small number of trials, some systematic errors in the

included trials and results were imprecise.
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S U M M A R Y O F F I N D I N G S F O R T H E M A I N C O M P A R I S O N [Explanation]

Intraoperative neuromonitoring compared to visual nerve identification only

Patients: adults undergoing thyroid surgery

Setting: inpat ients

Intervention: intraoperat ive neuromonitoring

Comparison: visual nerve ident if icat ion only

Outcomes Risk with visual nerve

identification only

Risk with intraopera-

tive neuromonitoring

Relative effect (95%CI) of participants/

nerves at risk (trials)

Certainty of the evi-

dence (GRADE)

Comments

Permanent RILN palsy

(nerves)

Def init ion: injury de-

tected clinically, by

laryngoscopy or both, in

which the motility of the

vocal cords did not re-

cover within 6 months

af ter surgery

Follow-up: 6-12 months

9 per 1000 7 per 1000 (3 to 16) RR 0.77

(0.33 to 1.77)

2895 (4) ⊕©©©

Very lowa

Numbers refer to

’nerves at risk’; CI prob-

ably wider because of

clustered data

The 95% predict ion in-

terval ranged between

0.12 and 4.79

Transient RILN palsy

(nerves)

Def init ion: injury de-

tected clinically, by

laryngoscopy or both, in

which the motility of the

vocal cords recovered

within 6 months af ter

surgery

Follow-up: 6-12 months

36 per 1000 22 per 1000 (13 to 39) RR 0.62

(0.35 to 1.08)

2895 (4) ⊕©©©

Very lowb

Numbers refer to

’nerves at risk’; CI prob-

ably wider because of

clustered data

The 95% predict ion in-

terval ranged between

0.12 and 3.11

Health- related quality

of life

Not reported
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Adverse events other

than RILN palsy (par-

ticipants)

Def init ion: transient hy-

poparathyroidism

Follow-up: 6-12 months

122 per 1000 153 per 1000 (55 to

424)

RR 1.25

(0.45 to 3.47)

286 (2) ⊕©©©

Very lowc

-

Operative time (min)

Def init ion: t ime f rom

the f irst skin incision to

skin closure

Follow-up: 6-12 months

The mean operat ive

t ime ranged across

control groups f rom 82.

4 min to 274.2 min

The mean operat ive

t ime in the intervent ion

groups was 5.5 min

longer (0.7 min shorter

to 11.8 min longer)

- 1251 (3) ⊕©©©

Very lowd

The 95% predict ion in-

terval ranged between

−60.6 min and 71.7 min

All- cause mortality

(nerves)

Follow-up: 6-12 months

See comment 1438 (3) ⊕⊕⊕©

Moderatee
3 of 5 trials provided

data on all-cause mor-

tality, no deaths were

reported

Socioeconomic effects Not reported

*The risk in the intervention group (and its 95% conf idence interval) is based on the assumed risk in the comparison group and the relative effect of the intervent ion (and its

95%CI).

CI: conf idence interval; RILN: recurrent inferior laryngeal nerve; RR: risk rat io

GRADE Working Group grades of evidence

High certainty: We are very conf ident that the true ef fect lies close to that of the est imate of the ef fect

Moderate certainty: We are moderately conf ident in the ef fect est imate: The true ef fect is likely to be close to the est imate of the ef fect, but there is a possibility that it is

substant ially dif f erent

Low certainty: Our conf idence in the ef fect est imate is lim ited: The true ef fect may be substant ially dif f erent f rom the est imate of the ef fect

Very low certainty: We have very lit t le conf idence in the ef fect est imate: The true ef fect is likely to be substant ially dif f erent f rom the est imate of ef fect

aDowngraded by one level because of performance bias, by one level because of inconsistency (no consistent direct ion of

ef fects) and by one level because of imprecision (CI consistent with both benef it and harm, small number of trials, not a

common event, i.e. ≤ 1/ 100) - see Appendix 15
bDowngraded by one level because of performance bias, by one level because of inconsistency (no consistent direct ion of

ef fects) and by one level because of imprecision (CI consistent with both benef it and harm, small number of trials) - see

Appendix 15
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cDowngraded by one level because of inconsistency (no consistent direct ion of ef fects) and by two levels because of

imprecision (CI consistent with both benef it and harm, small number of trials) - see Appendix 15
dDowngraded by one level because of performance bias, by one level because of inconsistency (no consistent direct ion of

ef fects, wide 95% predict ion interval) and by one level because of imprecision (CI consistent with both benef it and harm,

small number of trials) - see Appendix 15
eDowngraded by one level because of imprecision (small number of trials) - see Appendix 15
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B A C K G R O U N D

Description of the condition

The visual identification of the recurrent inferior laryngeal nerve

(RILN) is considered the safest method to prevent nerve injury

during thyroid and parathyroid surgery (Deniwar 2015a). Gen-

erally, the rate of nerve injury is higher in cases of thyroid car-

cinoma, Flajani-Graves-Basedow disease, goitre, thyroid reopera-

tion surgery, failure of nerve identification, and surgeons’ inexperi-

ence (Calò 2014a). Intraoperative neuromonitoring (IONM) has

been introduced in order to facilitate the localisation of the RILN

and prevent its injury during surgery (Duclos 2011). A trial that

included 686 participants demonstrated that use of IONM de-

creased the incidence of RILN palsy (from 7.6% to 4.7%; Duclos

2011). IONM was reported to reduce the prevalence of transient

RILN injury (Barczy ski 2009), and to increase surgeons’ accu-

racy during nerve preparation, particularly during video-assisted

thyroid surgery (Dionigi 2009).

When used by experienced thyroid surgeons (RILN injury rate

of less than 1%), the IONM did not show a significant improve-

ment in the postsurgery outcomes (Barczy ski 2009). However,

in procedures performed by low-volume surgeons (defined as sur-

geons that perform fewer than 25 thyroidectomies per year (Adam

2016)), the use of IONM was associated with a significant reduc-

tion in postsurgical permanent RILN palsy (Dralle 2004), and

RILN monitoring helped to reduce the permanent RILN palsy

rate for low-volume surgeons by 0.9% (Sosa 1998). With low-

volume surgeons, the permanent RILN palsy rates were highest

after visual nerve identification (1.4%) (Sosa 1998).

RILN monitoring might be a useful technique that guides the

cautious handling of the recurrent nerve by low-volume surgeons.

High-volume surgeons may benefit from RILN monitoring in

difficult situations (Dralle 2004). Zheng 2013 published a meta-

analysis of 14 different trials, which included 36,487 participants,

and concluded that IONM decreases the risk of transient RILN

palsy without affecting the rates of permanent injuries.

Description of the intervention

The RILN is normally identified by palpation and surgical dissec-

tion. The IONM was introduced in the attempt to identify the

nerve by using an electrode (Dequanter 2015). In order to measure

the nerve response, the electric field is converted to an acoustic

signal, the potentials of which are recorded.

The IONM system operates with two surface electrodes positioned

upon an endotracheal tube, which is 7 mm in diameter. During

intubation, the anaesthetist inserts, under direct vision, the en-

dotracheal tube between the vocal folds (Figure 1). The RILN is

stimulated by a monopolar electrode, using the interrupted stim-

ulation technique (1 mA, 100 ms impulse duration and 4 Hz fre-

quency). In the case of a bifurcated RILN, the post-stimulation

response for each nerve branch is included. The endotracheal tube

electromyography (EMG) is used to detect the adduction of the

vocal folds (Figure 2). A posterior cricoarytenoid muscle contrac-

tion, revealed by direct finger palpation, is used to detect the ab-

duction of the vocal folds (Figure 3).
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Figure 1. Nerve integrity monitoring endotracheal tube for electromyography signals of a patient’s

laryngeal muscles (drawn by Silvia Marola)
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Figure 2. Monitoring endotracheal tube in position positioned at the patient’s vocal folds (drawn by Silvia

Marola)
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Figure 3. Basic monitoring equipment setup (drawn by Silvia Marola)

EMG: electromyography;ET: endotracheal tube; GND: ground electrodes; REC: recording electrodes

During the intervention, the thyroid lobe is shifted medially and

the upper thyroid vessels are tied and cut. The RILN is then iden-

tified, dissected and stimulated. At the beginning of thyroidec-

tomy, to ensure that the neuromonitoring system is working, the

vagus nerve is stimulated. Proceeding with the operation, the in-

ferior laryngeal nerve is repeatedly stimulated. At the end of the

operation, both the vagus and the recurrent nerve are stimulated

in an attempt to predict the postoperative outcome (Calò 2014b).

In IONM, the first stimulating electrode is used to make a contact

with the RILN, followed by electrical stimulation of the RILN.

The second recording electrode receives the electrical signal and a

monitor records the signal with a sound. If the RILN is nearby,

the surgeon sees the waveform on the displayer at the same time

(Zheng 2015). Both the stimulating and recording electrodes are

positioned on the sternum or the shoulder, while the interface con-

nector device is linked to the monitoring system. Sonor systems

with alarms indicate signal abnormalities, while optic waveform

monitors show amplitude, threshold and latency records, which

can discriminate true from false signals, giving a real time feedback

by monitoring (EMG) responses.

IONM can also be performed in a continuous way, for instance

when the stimulating and recording systems are connected to an in-

terface connector device, which is linked to grounding electrodes.

Continuous IONM can disclose earlier changes in nerve function,

which may be a warning of impending nerve injury (Deniwar

2015a). Continuous IONM seems to be superior to intermittent

intraoperative neural monitoring because it enhances standardisa-

tion by permanent vagus nerve stimulation, and it provides entire

and constant RILN function monitoring as the surgeon dissects

and removes the thyroid gland.

Following stimulation of the ipsilateral vagus nerve, the absence

of an EMG signal is defined as a loss of signal. An intraoperative

algorithm is employed to differentiate between true and false loss

of signal. In cases of true loss of signal, the neuromapping tech-

nique is used to determine the type of nerve damage and localise

the injury site. Following thyroid lobectomy, the loss of signal af-

ter vagal stimulation is considered a positive test result. When the

laryngoscopy confirms an ipsilateral vocal cord paresis, it is con-

sidered a true-positive result. Conversely, a normal mobility of the

ipsilateral vocal fold is considered a false-positive result. Follow-

ing thyroid lobectomy, the detection of a normal signal after vagal

stimulation is considered a negative test result. When the postop-

erative laryngoscopy confirms a normal mobility of the ipsilateral

vocal fold, it is considered a true-negative result. Conversely, the

detection of an ipsilateral vocal fold paresis is considered as a false-
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negative result of the EMG signal.

Co-operation between the surgeon and the anaesthesiologist is es-

sential for successful neuromonitoring. The use of neuromuscu-

lar blocking agents should be carefully considered and avoided if

possible, as they reduce response amplitudes from the vagus nerve,

the RILN and the external branch of the superior laryngeal nerve,

which may hinder injury detection.

Adverse effects of the intervention

Chen and colleagues analysed the adverse effects of the proce-

dure of neuromonitoring in a cohort of 3029 patients undergoing

thyroid surgery: there were preoperative complications (bucking,

deep tracheal catheter placement, tracheal catheter rotation, over-

secretion and unstable signal, unstable blood flow dynamics and

oral mucosa injury) and postoperative complications (throat pain,

pharyngeal discomfort, hoarse voice and joint half-dislocation, in-

halation pneumonia, dry eye syndrome, ear and neck numbness

and conjunctival congestion (Chen 2015)).

How the intervention might work

During surgery for thyroid carcinoma with lymph node dissection,

thyroid reoperation surgery, or in the presence of anatomic vari-

ability, IONM can help surgeons to identify the RILN (Dequanter

2015), and may offer a real benefit for lowering nerve injury rates

(Malik 2016). An intact monitoring signal at the end of the surgery

is associated with a positive outcome for vocal cord functionality.

The negative predictive value of the procedure is very high (97% to

99%; Calò 2014b). This means that if 100 patients have an intact

monitoring signal at the end of the surgery, 97 to 99 patients out

of these 100 patients will have normal vocal cord functionality.

On the other hand, with a loss of signal at the end of the oper-

ation, the positive predictive value of the procedure is low (33%

to 37%), and the occurrence of vocal cord palsy is unpredictable

(Calò 2014b). This means that if 100 patients have a loss of signal

at the end of the operation, 33 to 37 out of these 100 patients

will have vocal cord palsy. During thyroid surgery, neuromoni-

toring facilitates the identification of RILN, verifying the func-

tional integrity of the nerve (Chiang 2011; Dequanter 2015). In

fact, a positive IONM can demonstrate intact nerve function in-

traoperatively (Chiang 2010). Because most of the injured nerves

appear intact, IONM can properly prognosticate postoperative

nerve function, which is difficult to detect by visual identification

(Dralle 2004). Neuromonitoring can also detect anatomical vari-

ation and abnormal courses of the nerves, which are at high risk

of injury if not detected (Deniwar 2015b).

Why it is important to do this review

Recent guidelines from the American Academy of Otolaryngol-

ogy Head and Neck Surgery recommend IONM use in thyroid

surgery to prevent nerve damage (Chandrasekhar 2013). IONM

is currently used in 80% of thyroidectomies performed by neck

surgeons and by more than 50% of general surgeons in the USA. It

is more commonly used by higher-volume surgeons (Al-Qurayshi

2016). More clinical trials are needed to further clarify the effects

of IONM. In the meta-analysis by Higgins 2011a and in the re-

cent meta-analysis by Pisanu 2014, IONM and visual nerve iden-

tification did not demonstrate a substantial difference in rates of

transient, total or persistent vocal fold palsy. Pisanu 2014 anal-

ysed 20 trials that included 23,152 participants and showed that

overall RILN palsy rates for IONM versus visualisation alone were

3.5% versus 3.7%. The role of IONM during thyroid surgery is

still debatable, as no consensus exists regarding the prevention of

recurrent nerve injury (Deniwar 2015a). There are three primary

reasons that this review improves upon the previous reviews by

Higgins 2011a and Pisanu 2014. First, both Higgins 2011a and

Pisanu 2014 highlighted the need for more trials on this topic that

have fewer methodological flaws; both reviews called for more,

and better-controlled, randomised controlled trials (RCTs). Pisanu

2014 specifically called for further trials that include high-quality,

multicentre, prospective, randomised trials based on strict criteria

of standardisation and subsequent meta-analysis to verify the out-

comes of interest. If those calls have been heeded, we would expect

this Cochrane Review to include more trials with better method-

ological quality. Second, we included trials published since the

last search in August 2013 by Pisanu 2014. Finally, we propose to

investigate additional patient-important outcomes that have not

yet been investigated in previous reviews, such as health-related

quality of life, all-cause mortality and socioeconomic effects.

O B J E C T I V E S

To assess the effects of IONM versus visual nerve identification for

prevention of RILN injury in adults undergoing thyroid surgery.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised controlled trials (RCTs).

Types of participants

Adults (older than 18 years) undergoing thyroidectomy.

A thyroidectomy is an operation that involves the surgical removal

of all or part of the thyroid gland. We evaluated two techniques

in this review: partial and total thyroidectomy. We defined partial
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thyroidectomy as the surgical removal of a portion of the thyroid

gland and total thyroidectomy as the surgical removal of the entire

gland.

Types of interventions

We planned to investigate the following comparison of interven-

tion versus control/comparator.

• Intervention: IONM with and without visual nerve

identification during thyroidectomy

• Comparator: visual nerve identification only during

thyroidectomy

Concomitant interventions had to be the same in both the inter-

vention and comparator groups to establish fair comparisons.

Minimum duration of follow-up

Minimal duration of follow-up was six months.

We defined extended follow-up periods (also called ’open-label ex-

tension studies’) as follow-up of participants once the original trial,

as specified in the trial protocol, had been terminated. However,

such trials are frequently of an observational nature and we only

planned to evaluate them for adverse events (Buch 2011; Megan

2012).

Specific exclusion criteria

• Clinical trials evaluating people with a previous history of

neck surgery and laryngeal nerve injury.

Types of outcome measures

We did not exclude a trial only on the basis that one or more of

our primary or secondary outcome measures were not reported in

the publication. In the case that none of our primary or secondary

outcomes were reported in the trial, we did not include the trial

in the synthesis and planned to provide some basic information

in an additional table.

Primary outcomes

• Permanent RILN palsy

• Transient RILN palsy

• Health-related quality of life

Secondary outcomes

• Adverse events other than permanent or transient RILN

palsy

• Operative time

• All-cause mortality

• Socioeconomic effects

Method of outcome measurement

For nerve-related outcomes (i.e. transient and permanent nerve

palsy), the nerve was the unit of analysis. For other outcomes, the

participant was the unit of analysis.

• Permanent RILN palsy: defined as an injury detected

clinically, by laryngoscopy or both, evaluating the motility of the

vocal cords.

• Transient RILN palsy: defined as an injury detected

clinically, by laryngoscopy or both, evaluating the motility of the

vocal cords.

• Health-related quality of life: evaluated by a validated

instrument such as the Short Form 36 (SF-36) or Quality of

Life-Thyroid Version (QOL-TV).

• Adverse events: defined as procedure-related events other

than permanent or transient RILN palsy, such as

hypoparathyroidism. We did not define events not related to the

procedure as ’adverse events’. For example, we did not define

infection and seroma as adverse events here because these are

associated with the closure of skin (i.e. different types of wound

closures such as staples or other sutures and comorbidities such

as diabetes, corticosteroid treatment, obesity) and not the

technique of RILN identification.

• Operative time: defined as the time from the first skin

incision to skin closure.

• All-cause mortality: defined as death from any cause.

• Socioeconomic effects: defined as direct costs, including

those related to surgical supplies and to hospital stay.

Timing of outcome measurement

The criteria for the timing of outcome measures are listed below.

• Permanent and transient RILN palsy: within six months

after surgery

• Health-related quality of life and socioeconomic effects: at

30 days and thereafter

• Adverse events other than permanent or transient RILN

palsy: measured at any time after participants were randomised

to intervention/comparator groups

• Operative time: at the end of the operation

• All-cause mortality: during the first 30 days after the

operation (early mortality) or after 30 days (late mortality)

Search methods for identification of studies

Electronic searches

We searched the following sources from inception of each database

to the specified date and placed no restrictions on the language of

publication:
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• Cochrane Central Register of Controlled Trials

(CENTRAL; 2018, Issue 8) via the Cochrane Register of Studies

Online (CRSO) (searched 21 August 2018)

• MEDLINE Ovid (Epub Ahead of Print, In-Process &

Other Non-Indexed Citations, Ovid MEDLINE(R) Daily and

Ovid MEDLINE(R); from 1946 onwards; searched 21 August

2018).

• Embase Ovid (from 1974 onwards; searched 12 January

2017). RCTs indexed in Embase are now prospectively added to

CENTRAL via a highly sensitive screening process (CENTRAL

creation details).

• ClinicalTrials.gov (www.clinicaltrials.gov; searched 21

August 2018).

• World Health Organization International Clinical Trials

Registry Platform (ICTRP; www.who.int/trialsearch/; searched

21 August 2018).

Searching other resources

We attempted to identify other potentially eligible trials or ancil-

lary publications by searching the reference lists of included trials,

systematic reviews, meta-analyses and health technology assess-

ment reports. In addition we contacted the authors of included

trials to identify any additional information on the retrieved trials

and to determine if further trials existed that we may have missed.

We did not use abstracts or conference proceedings for data extrac-

tion unless full data were available from trial authors. Our ratio-

nale for this was because this type of information source does not

fulfil the CONSORT’s “evidence-based, minimum set of recom-

mendations for reporting randomized trials” (CONSORT 2016;

Scherer 2007). Rather, we planned to present information on ab-

stracts or conference proceedings in a Characteristics of studies

awaiting classification table.

Data collection and analysis

Selection of studies

Two review authors (RC and MB) independently screened the

abstract or title, or both, of every record retrieved to determine

which trials we should assess further. We investigated the full- text

articles of all potentially relevant articles. We resolved discrepan-

cies through consensus or by adjudication by a third review au-

thor (VD). If we could not resolve a disagreement, we categorised

the trial as a ’study awaiting classification’ and contacted the trial

authors for clarification. We presented an adapted PRISMA flow

diagram to show the process of trial selection (Liberati 2009).

We listed all articles excluded after full-text assessment in the

Characteristics of excluded studies table and provided the reasons

for exclusion.

Data extraction and management

For trials that fulfilled inclusion criteria, two review authors (RC

and VD) independently extracted participant and intervention

characteristics. We reported data on efficacy outcomes and ad-

verse events using standard data extraction sheets from Cochrane

Metabolic and Endocrine Disorders (CMED). We resolved any

disagreements by discussion or, if required, we consulted a third

review author (AA). For details see Characteristics of included

studies; Table 1; Appendix 2; Appendix 3; Appendix 4; Appendix

5; Appendix 6; Appendix 7; Appendix 8; Appendix 9; Appendix

10; Appendix 11; Appendix 12; Appendix 13). GP extracted and

evaluated all trial information relating to Barczynski 2009 and

Barczynski 2012. The Co-ordinating Editor of the CMED Group

checked all data extractions and data analyses.

We provided information about potentially relevant ongoing trials,

including trial identifiers, in the Characteristics of ongoing studies

table and in Appendix 7, ’Matrix of trial endpoint (publications

and trial documents)’. We tried to obtain the protocol for each

included trial and reported primary, secondary and other outcomes

in comparison with data in the publications listed in Appendix 7.

We emailed all authors of included trials to inquire whether they

were willing to answer questions regarding their trials. We pre-

sented the results of this survey in Appendix 14. We thereafter

sought relevant missing information on the trial from the primary

trial author(s), if required.

Dealing with duplicate and companion publications

In the event of duplicate publications, companion documents or

multiple reports of a primary trial, we maximised the information

yield by collating all available data and we used the most com-

plete dataset aggregated across all known publications. We listed

duplicate publications, companion documents, multiple reports

of a primary trial and trial documents of included trials (such as

trial registry information), as secondary references under the study

identifier (ID) of the included trial. Furthermore, we also listed

duplicate publications, companion documents, multiple reports

of a trial and trial documents of excluded trials (such as trial reg-

istry information), as secondary references under the study ID of

the excluded trial.

Data from clinical trials registers

If data from included trials were available as trial results in clini-

cal trials registers, such as ClinicalTrials.gov or similar sources, we

made full use of this information and extracted the data. If there

was also a full publication of the trial, we collated and critically

appraised all available data. If an included trial was marked as a

completed trial in a clinical trials register but no additional infor-

mation (e.g. trial results, a publication or both) was available, we

added this trial to the Characteristics of studies awaiting classifi-

cation table.
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Assessment of risk of bias in included studies

Two review authors (RC and VD) independently assessed the risk

of bias of each included trial. We resolved any disagreements by

consensus, or by consulting a third review author (AA). In cases of

disagreement, we consulted the rest of the review author team and

made a judgement based on consensus. If adequate information

was unavailable from the trials, trial protocols or both, we con-

tacted the trial authors to recover missing data on ’Risk of bias’

items.

We used the Cochrane ’Risk of bias’ assessment tool (Higgins

2011b; Higgins 2017 ), assigning assessments of low, high or

unclear risk of bias to each trial (for details see Appendix 2;

Appendix 15). We evaluated individual bias items as described

in the Cochrane Handbook for Systematic Reviews of Interventions
according to the criteria and associated categorisations contained

therein (Higgins 2017).

Summary assessment of risk of bias

We presented a ’Risk of bias’ graph and a ’Risk of bias’ summary

figure.

We distinguished between self-reported and investigator-assessed

and adjudicated outcome measures.

We considered the following to be self-reported outcomes.

• Permanent RILN palsy

• Transient RILN palsy

• Health-related quality of life

• Adverse events other than permanent or transient RILN

palsy

We considered the following outcomes to be investigator-assessed.

• Permanent RILN palsy

• Transient RILN palsy

• Adverse events other than permanent or transient RILN

palsy

• All-cause mortality

• Operative time

• Socioeconomic effects

Risk of bias for a trial across outcomes

Some ’Risk of bias’ domains, such as selection bias (sequence gen-

eration and allocation sequence concealment), affect the risk of

bias across all outcome measures in a trial. In the case of high

risk for selection bias, we marked all endpoints investigated in the

associated trial as ’high risk’. Otherwise, we did not perform a

summary assessment of the risk of bias across all outcomes for a

trial.

Risk of bias for an outcome within a trial and across domains

We assessed the risk of bias for an outcome measure by including

all entries relevant to that outcome (i.e. both trial-level entries and

outcome-specific entries). We used the term ’low risk of bias’ to

denote a low risk of bias for all domains, ’unclear risk’, to denote

an unclear risk of bias for one or more domains, and ’high risk’,

to denote a high risk of bias for one or more domains.

Risk of bias for an outcome across trials and across domains

This type of risk of bias was the type of main summary assessments

that we incorporated into our judgements about the quality of

evidence in the ’Summary of finding’ table. We defined outcomes

as being at ’low risk of bias’ when most information came from

trials at low risk of bias, ’unclear risk’, when most information

came from trials at low or unclear risk of bias, and ’high risk’, when

most information came from trials at high risk of bias.

Measures of treatment effect

When at least two included trials were available for a compari-

son on a given outcome, we expressed dichotomous data as a risk

ratio (RR) with 95% confidence intervals (CIs). For continuous

outcomes measured on the same scale (e.g. surgical time), we es-

timated the intervention effect using the mean difference (MD)

with 95% CIs. For continuous outcomes that measured the same

underlying concept (e.g. health-related quality of life), but used

different measurement scales, we planned to calculate standard-

ised mean difference (SMD). We planned to express time-to-event

data as a hazard ratio (HR) with 95% CIs.

Unit of analysis issues

We took into consideration the level at which randomisation oc-

curred, such as cross-over trials, cluster-randomised trials and mul-

tiple observations for the same outcome. If more than one com-

parison from the same trial was eligible for inclusion in the same

meta-analysis, we either planned to combine groups to create a

single pair-wise comparison, or appropriately reduced the sample

size so that the same participants did not contribute multiply (e.g.

splitting the ’shared’ group into two or more groups). While the

latter approach offers some solution to adjusting the precision of

the comparison, it does not account for correlation arising from the

same set of participants being in multiple comparisons (Higgins

2011c).

If applicable, we planned to reanalyse cluster-RCTs that did not

appropriately adjust for potential clustering of participants within

clusters in their analyses. We intended to inflate the variance of the

intervention effects using design effects such as an estimation of

an intra-cluster correlation (ICC). Where applicable, we planned

to obtain estimates of ICCs through contact with the trial authors,

or imputed them using estimates from other included trials that

reported ICCs, or using external estimates from empirical research

(e.g. Bell 2013). We planned to examine the impact of clustering

using sensitivity analyses if necessary.
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Dealing with missing data

If possible, we obtained missing data from the authors of the in-

cluded trials. We carefully evaluated important quantitative data

such as the number of screened, randomly assigned participants,

as well as intention-to-treat, as-treated and per-protocol popula-

tions. We investigated attrition rates (e.g. dropouts, losses to fol-

low-up, withdrawals), and we critically appraised issues concern-

ing missing data and use of imputation methods (e.g. last obser-

vation carried forward).

Where included trials reported median and ranges instead of

means and standard deviations (SD) for outcomes, and we did not

receive the necessary information from trial authors, we imputed

these values by estimating the mean and variance from the median,

range and the size of the sample when trial authors reported those

nonparametric statistics (Hozo 2005). In trials where the SD of

the outcome was not available at follow-up but where other trials

reported this information, we standardised, by the average of the

pooled baseline SD, from those trials that reported this informa-

tion.

We investigated the impact of imputation on meta-analyses by

performing sensitivity analyses and we reported for each outcome

which trials were included with imputed SDs.

Assessment of heterogeneity

In the event of substantial clinical or methodological heterogene-

ity, we reported trial results in the pooled effect estimate.

We identified heterogeneity (inconsistency) by visually inspecting

forest plots and by using a standard Chi² test with a significance

level of α = 0.1 (Deeks 2017). In view of the low power of this test,

we also considered the I² statistic (Higgins 2003), which quantifies

inconsistency across trials to assess the impact of heterogeneity on

the meta-analysis (Higgins 2002). An I² statistic value greater than

75% indicates a considerable level of heterogeneity (Deeks 2017).

When we found heterogeneity, we attempted to determine the

possible reasons for it by examining individual trial and subgroup

characteristics.

Assessment of reporting biases

If we included 10 or more trials that investigated a particular out-

come, we used funnel plots to assess small-trial effects. Several ex-

planations may account for funnel plot asymmetry, including true

heterogeneity of effect with respect to trial size, poor methodolog-

ical design (and hence bias of small trials) and publication bias.

Therefore, we interpreted the results carefully (Sterne 2011).

Data synthesis

We planned to undertake (or display) a meta-analysis only if we

judged participants, interventions, comparisons, and outcomes to

be sufficiently similar to ensure that the results had a clinically

meaningful interpretation. Unless sufficient evidence showed ho-

mogeneous effects across trials of different methodological qual-

ity, we primarily summarised low risk of bias data using a ran-

dom-effects model (Wood 2008). We interpreted random-effects

meta-analyses with due consideration to the whole distribution

of effects and presented a prediction interval (Borenstein 2017a;

Borenstein 2017b; Higgins 2009). A prediction interval needs at

least three trials to be calculated and specifies a predicted range for

the true treatment effect in an individual trial (Riley 2011). For

rare events, such as event rates below 1%, we planned to use the

Peto’s odds ratio method, provided that there was no substantial

imbalance between intervention and comparator group sizes and

intervention effects were not exceptionally large. In addition, we

performed statistical analyses according to the statistical guidelines

presented in the Cochrane Handbook for Systematic Reviews of In-
terventions (Deeks 2017).

Subgroup analysis and investigation of heterogeneity

We expected the following characteristics to introduce clinical

heterogeneity and planned to carry out the following subgroup

analyses including investigation of interactions when applicable

(Altman 2003).

• Partial versus total thyroidectomy

• Thyroidectomy for cancer versus benign thyroid disease

• Low versus high experience in thyroid surgery; we defined

’low experience in thyroid surgery’ as case-volume of

thyroidectomies less than 25 per year (Adam 2016).

• Residents in general surgery versus surgeons

• Participants aged less than 75 years versus 75 years or older

• Participants with a body mass index of less than 35 kg/m²

versus body mass index 35 kg/m² or higher

• Thyroidectomy with tie and clamp versus vascular

dissection, cutting and sealing simultaneously (UltraCision

Harmonic® scalpel) or a bipolar vascular sealing system

(LigaSure®)

Sensitivity analysis

We planned to perform sensitivity analyses to explore the influence

of the following factors (when applicable) on effect sizes based on

the following characteristics.

• The publication status of the trial

• The effect of risk of bias, as specified in the Assessment of

risk of bias in included studies section

• The extent to which very large trials dominated the results

• And other criteria such as diagnostic criteria, imputation,

language of publication, source of funding (industry versus

other), or country

We also tested the robustness of results by repeating the analyses

using different measures of effect size (RR, OR, etc), and different

statistical models (fixed-effect and random-effects models).
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Certainty of evidence

We presented the overall certainty of the evidence for each outcome

specified in the Types of outcome measures section according to

the GRADE approach, which takes into account issues related not

only to internal validity (risk of bias, inconsistency, imprecision,

publication bias) but also to external validity, such as the directness

of results. Two review authors (IA and RC) independently rated

the certainty of evidence for each outcome. We resolved differences

in assessment by discussion or consultation with a third review

author (NA).

We included the ’Checklist to aid consistency and reproducibility

of GRADE assessments’ (Appendix 15), to help with standardisa-

tion of the ’Summary of findings’ tables (Meader 2014). Alterna-

tively, we planned to use the GRADEpro Guideline Development

Tool (GDT) software and would have presented evidence profile

tables as an appendix (GRADEproGDT 2015). We presented the

results for the outcomes as described in the Types of outcome

measures section. If meta-analysis was not possible, we presented

the results in a narrative format in the ’Summary of findings’ table.

We justified all decisions to downgrade the certainty of the evi-

dence using footnotes and we made comments to aid the reader’s

understanding of the Cochrane Review where necessary.

’Summary of findings’ table

We presented a summary of the evidence in Summary of findings

for the main comparison. This information provides key informa-

tion about the best estimate of the magnitude of the effect, in rela-

tive terms and as absolute differences, for each relevant comparison

of alternative management strategies, numbers of participants and

trials addressing each important outcome, and a rating of over-

all confidence in effect estimates for each outcome. We created

the ’Summary of findings’ table based on the methods described

in the Cochrane Handbook for Systematic Reviews of Interventions
(Schünemann 2017) using Review Manager 5 (RevMan 5) table

editor (Review Manager 2014). We reported the following out-

comes, listed according to priority.

• Permanent RILN palsy

• Transient RILN palsy

• Health-related quality of life

• Adverse events other than permanent or transient RILN

palsy (transient hypoparathyroidism)

• Operative time

• All-cause mortality

• Socioeconomic effects

R E S U L T S

Description of studies

For a detailed description of trials, see Table 1, Characteristics of

included studies, Characteristics of excluded studies, and Charac-

teristics of ongoing studies.

Results of the search

In our comprehensive literature searches, we identified a total of

594 records. There were 447 records after the exclusion of du-

plications. From these, we identified 37 full-text publications for

further examination. We excluded the other publications on the

basis of titles or abstracts because inclusion criteria had not been

met or because the trials were not relevant to the review objectives

(see Figure 4 for the amended PRISMA study flow diagram). Af-

ter screening the full text of the selected publications, five trials

(Barczynski 2009; Barczynski 2012; Hei 2016a; Lee 2015; Sari

2010), met our inclusion criteria. All trials were published in En-

glish.
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Figure 4. Trial flow diagram
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Included studies

For a detailed description of trials, see the Table 1 and the

Characteristics of included studies section.

Source of data

We identified 594 publications: 56 in CENTRAL, 218 in MED-

LINE, 234 in Embase, 46 in the WHO ICTRP and 40 in Clin-

icalTrials.gov; we did not identify any additional records through

handsearching reference lists. After removal of duplicates, we eval-

uated 447 publications.

Comparisons

All the included trials compared IONM plus visual nerve iden-

tification with visual nerve identification alone for prevention

of RILN in participants undergoing conventional thyroidectomy

(Barczynski 2009; Barczynski 2012; Hei 2016a; Sari 2010), or

robotic thyroidectomy (Lee 2015).

Overview of trial populations

The five trials included a total of 1558 participants undergoing

thyroidectomy: 781 participants were randomised to IONM with

visual nerve identification and 777 to visual nerve identification

only. Trial sample size ranged from 50 (Lee 2015), to 1000 (

Barczynski 2009).

Trial design

All five trials utilised a parallel-group, superiority design. All trials

were monocentric. One of the trials (Barczynski 2012), was dou-

ble-blinded (participants and the ear, nose and throat specialist

who was performing videostrobolaryngoscopy and voice assess-

ment). The trials were performed between the years 2006 and

2014. The mean duration of follow-up ranged from 6 (Barczynski

2012; Hei 2016a), to 12 months (Barczynski 2009; Lee 2015; Sari

2010). No trial was terminated early.

Settings

Two trials were conducted in Poland (Barczynski 2009; Barczynski

2012) and one trial each was conducted in China (Hei 2016a),

Korea (Lee 2015), and Turkey (Sari 2010). All trials were con-

ducted at academic institutions and had an inpatient setting.

Participants

Participants had an indication for thyroidectomy due to a variety

of diseases including toxic and nontoxic nodular goitre, Graves’

disease and thyroid carcinoma (Appendix 5). Three hundred-seven

(18.7%) participants came from low- and middle-income coun-

tries such as China (Hei 2016a) and Turkey (Sari 2010). In three

trials the ethnic groups were white participants (Barczynski 2009;

Barczynski 2012; Sari 2010), in two trials there were Asian partic-

ipants (Hei 2016a; Lee 2015). None of the trials reported any in-

formation on the duration of thyroid disease. Surgical procedures

were most commonly performed with female participants (81%).

In the IONM group the mean age of trial participants ranged from

44.2 years (Lee 2015), to 51.3 years (Barczynski 2009). In the

visual identification only group the mean age of trial participants

ranged from 41.7 years (Lee 2015), to 51.9 years (Barczynski 2009;

Appendix 6). The mean BMI reported in one trial (Sari 2010),

was 26.9 kg/m2 (SD 3) in the IONM group versus 27.3 kg/m2

(SD 3) in the visual identification only group. No trial reported on

comorbidities. Major exclusion criteria differed amongst trials: in

Barczynski 2009, Barczynski 2012 and Lee 2015, previous thyroid

or parathyroid surgery was an exclusion criterion. By contrast, in

Hei 2016a, this was a specific inclusion criterion. In Barczynski

2009, Barczynski 2012 and Hei 2016a participants underwent

central neck compartment dissection or lateral neck dissection;

their major exclusion criterion was Graves’ disease.

Diagnosis

No trial reported diagnostic procedures.

Interventions

No trial reported treatment before the start of the trial.

All five trials used IONM as their intervention. The system used

for neuromonitoring of the IONM group was the NIM 2.0/3.0

system® (Medtronic Xomed Surgical Products, Jacksonville, FL),

in four trials (Barczynski 2012; Hei 2016a; Lee 2015; Sari 2010),

and the Neurosign® 100 system (Inomed, Teningen, Germany), in

one trial (Barczynski 2009). In four trials an anaesthetist inserted

endotracheal tube surface electrodes between the vocal folds un-

der direct vision during intubation (Barczynski 2009; Barczynski

2012; Lee 2015; Hei 2016b); in the other trial, the trial authors

used needle electrodes (Sari 2010). The trials located, mapped, and

stimulated RILN using a probe, and confirmed the identification

of a healthy RILN by acoustic evaluation of the signal and visual

display of the EMG response evaluation (latency and amplitude).

All five trials used RILN visualisation only as the comparator in-

tervention.
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Outcomes

In Barczynski 2009 and Barczynski 2012 there were no differences

between stated primary outcomes in the publication and Clini-

calTrials.gov ( NCT00661024; NCT01395134). No protocol or

trials register information was available for the other three trials.

Four trials (Barczynski 2009; Barczynski 2012; Hei 2016a; Lee

2015), explicitly stated a primary endpoint in the publication.

Only Barczynski 2009 and Barczynski 2012 reported secondary

endpoints. The defined primary outcomes were the incidence of

the RILN injury (evaluated on the second postoperative day and

at 1, 2, 4, 6 and 12 months postoperatively, if paresis was noted on

first examination; Barczynski 2009), the identification rate of the

external branch of the superior laryngeal nerve (evaluated up to six

months postoperatively; Barczynski 2012), postoperative RILN

function (evaluated by laryngoscopy (Hei 2016a); or transient

or permanent unilateral or bilateral laryngeal nerve lesions, voice

handicap index and voice range profile (Lee 2015)).

The five trials reported a mean of seven (range 2 to 14) outcomes.

Two trials (Lee 2015; Sari 2010), reported the rate of adverse events

related to IONM. One trial (Sari 2010), reported all-cause mor-

tality; Barczynski 2009 and Barczynski 2012 authors confirmed

that there were no deaths up to 30 days after surgery in their trials.

No trial assessed health-related quality of life or socioeconomic

effects.

Excluded studies

After careful evaluation of the full publication we had to exclude

32 trials. The main reasons for exclusion were that the trial design

was not an RCT and there was no adequate intervention or control

group (for details see Characteristics of excluded studies).

Risk of bias in included studies

For details on the risk of bias of the included trials see

Characteristics of included studies, Appendix 2 and Appendix 3.

For an overview of review authors’ judgements about each risk of

bias item for individual trials and across all trials see Figure 5 and

Figure 6.

Figure 5. ’Risk of bias’ summary: review authors’ judgements about each risk of bias item for each included

trial ((blank cells indicate that the particular outcome was not measured in the associated trial)
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Figure 6. ’Risk of bias’ graph: review authors’ judgements about each risk of bias item presented as

percentages across all included trials (blank cells indicate that the particular outcome was not measured in

some or all trials)

Allocation

Random sequence generation was well explained in three trials

(Barczynski 2009; Barczynski 2012; Sari 2010), so we judged them

at low risk of bias, with the exception of Hei 2016a and Lee 2015

with an unclear process of randomisation.

Two out of five trials reported details of allocation concealment

and we considered them as low risk of bias (Barczynski 2009;

Barczynski 2012). Three trials had an unclear reporting of the

allocation concealment (Hei 2016a; Lee 2015; Sari 2010).

Blinding
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No publication provided information about blinding of partici-

pants and personnel but we believe personnel were probably not

blinded in any trial. We therefore assigned a high risk of perfor-

mance bias to the trials that reported the outcomes permanent,

transient RILN palsy and operative time. In Barczynski 2009, the

authors stated that an ear, nose and throat (ENT) specialist who

performed laryngeal examinations on postoperative day two and

followed up participants in case of nerve injury was blinded to

trial conditions. In Barczynski 2012 the authors reported the pro-

cedure of the blinding of outcome assessment for adverse events

other than RILN (“The assessment protocol was strictly followed

by the ENTspecialist (AH), who was blinded to the patient rele-

vant group assignment”).

Incomplete outcome data

All included trials specified participants’ withdrawals or reasons

for withdrawal. They analysed data mostly on an intention-to-

treat basis. Sari 2010 excluded 4.3% of enrolled participants in the

IONM group due to lack of signal. Barczynski 2012 lost a total

of nine participants (4.3%) during follow up without providing

reasons in the publication, however, the number of participants

lost to follow-up was balanced among treatment arms; therefore,

it is unlikely that the low attrition rate affected outcome measures.

Selective reporting

Four trials provided a clinical trial identifier or a reference to a pro-

tocol (Barczynski 2009; Barczynski 2012; Hei 2016a; Lee 2015).

We could not identify the protocol for Hei 2016a and Lee 2015.

The primary outcomes in ClinicalTrials.gov ( NCT00661024;

NCT01395134), and in the published articles (Barczynski 2009;

Barczynski 2012), were the same. The remaining trial (Sari 2010),

had an unclear risk of reporting bias due to no protocol being

available.

Other potential sources of bias

Four trials measured clustered data for the outcomes transient and

permanent RILN palsy but did not use adequate statistical analyses

for these data (Barczynski 2009; Barczynski 2012; Hei 2016a; Sari

2010). We, therefore, judged them to be at unclear risk of other

bias.

Effects of interventions

See: Summary of findings for the main comparison

Intraoperative neuromonitoring compared to visual nerve

identification only during thyroidectomy

Baseline characteristics

For details of baseline characteristics, see Appendix 5 and Appendix

6.

Intraoperative neuromonitoring with and without

visual nerve identification versus visual nerve

identification only

Primary outcomes

Permanent RILN palsy

Permanent RILN palsy was a rare event. Comparing IONM with

visual nerve identification only for nerves at risk showed a risk

ratio (RR) of 0.77 (95% CI 0.33 to 1.77; P = 0.54; 4 trials; 2895

nerves at risk; very low-certainty evidence; Analysis 1.1). Ten of

1451 operated nerves (0.7%) in the IONM group compared with

13 of 1444 operated nerves (0.9%) in the visual identification only

group showed permanent nerve damage. For clustered data in tri-

als where the unit of analysis was the nerve and not the participant,

we recognised that the resulting 95% CIs produced were proba-

bly narrower, and the actual variance greater, than reported here.

No trial performed an adequate statistical analysis with regard to

the cluster design. Therefore, results of Analysis 1.1 have to be

interpreted as an effect estimate with probably even larger 95%

CIs than indicated. There were no substantial differences in fixed-

versus random-effects RRs. The 95% prediction interval ranged

between 0.12 and 4.79.

Transient RILN palsy

IONM compared with visual nerve identification only for nerves

at risk, showed a RR of 0.62 (95% CI 0.35 to 1.08; P = 0.09;

4 trials; 2895 nerves at risk; very low-certainty evidence; Analysis

1.2). Thirty of 1451 operated nerves (2.1%) in the IONM group

compared with 52 of 1444 operated nerves (3.6%) in the visual

identification only group showed transient nerve damage. The use

of a fixed-effect model resulted in a RR slightly more in favour of

IONM (RR 0.58, 95% CI 0.37 to 0.90). For clustered data in trials

where the unit of analysis was the nerve and not the participant,

we recognised that the resulting 95% CIs produced were probably

narrower, and the actual variance greater, than reported here. None

of the included trials performed an adequate statistical analysis

with regard to the cluster design. Therefore, results of Analysis

1.2 have to be interpreted as an effect estimate with probably

even larger 95% CIs than indicated. The 95% prediction interval

ranged between 0.12 and 3.11.
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Health-related quality of life

Health-related quality of life was not reported in any trial

Secondary outcomes

Adverse events other than permanent or transient RILN palsy

(transient hypoparathyroidism)

Adverse events other than permanent or transient RILN palsy for

IONM compared with visual nerve identification only showed a

RR of 1.25 (95% CI 0.45 to 3.47; P = 0.66; 2 trials; 268 partic-

ipants; very low-certainty evidence; Analysis 1.3). Twenty of 147

participants (13.6%) in the IONM group compared with 17 of

139 participants (12.2%) in the visual identification only group

experienced an adverse event. Use of a fixed-effect model did not

substantially change the effect size.

Operative time

The mean difference (MD) in operative time between the IONM

group and the visual identification only group was −0.8 minutes

(95% CI −11.2 to 9.6; P = 0.88; 4 trials; 1488 participants; very

low-certainty evidence; Analysis 1.4). Use of a fixed-effect model

showed a MD of 4.8 minutes (95% CI 2.3 to 7.3), in favour of vi-

sual nerve identification only. In Sari 2010, the surgical approach

in around 80% of the participants was a lobectomy only. When

removing this trial from the meta-analysis, the MD was 5.5 min-

utes (95% CI −0.7 to 11.8; P = 0.08, 3 trials; 1251 participants).

The 95% prediction interval ranged between −60.6 minutes and

71.7 minutes. The fixed-effect model showed a MD of 7 minutes

(95% CI 4.3 to 9.6), in favour of visual nerve identification only.

All-cause mortality

In the three trials with 1438 participants providing information on

this outcome (Barczynski 2009; Barczynski 2012; Sari 2010), no

postoperative hospital deaths or deaths within the first 30 days oc-

curred after thyroid surgery (moderate certainty evidence; Analysis

1.5).

Socioeconomic effects

None of the included trials reported socioeconomic effects.

Subgroup analyses

We did not perform subgroup analyses because there were not

enough trials to estimate effects in various subgroups.

Sensitivity analyses

With the exception of random-effects model versus fixed-effect

model, we did not perform sensitivity analyses because there were

not enough trials. Model choice affected the direction of results

for transient RILN palsy and operative time, but the practical

differences were minor, nonetheless.

Assessment of reporting bias

We did not draw funnel plots due to the limited number of trials

(N = 5).

Ongoing trials

We did not identify any ongoing RCTs.

D I S C U S S I O N

Summary of main results

We did not find compelling evidence for the superiority or infe-

riority of IONM over visual nerve identification alone on any of

the outcomes measured.

Overall completeness and applicability of
evidence

While there were five trials that met our inclusion criteria, at most,

we could synthesise four trials for any one outcome. Many out-

comes were low-occurence events (e.g. all-cause mortality), and

there were no data on health-related quality of life and socioeco-

nomic events. There was marked clinical heterogeneity indicating

difficult applicability of the results across a variety of clinical or

experimental settings. Finally, there was a unit-of-analysis issue for

the trials evaluating RILN palsy outcomes, not accounting for the

clustering nature of nerves at the trial level.

Quality of the evidence

This review containing five trials does not provide robust evidence

regarding IONM for reducing transient or permanent RILN palsy,

other adverse events and operative time compared to visual nerve

identification alone. We considered the certainty of the evidence

for these outcomes to be very low according to GRADE. The rea-

sons for downgrading included risk of bias (three out of five trials

had unclear allocation concealment, three out of five trials had

unclear reporting bias, all trials were exposed to performance bias),

imprecision of results and inconsistency. The only outcome we
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considered as moderate-certainty evidence was all-cause mortality;

no events occurred but only three trials reported this outcome.

Potential biases in the review process

Although our review was comprehensive in terms of the search

strategy, the possible presence of reporting bias can not be ex-

cluded. We applied no restrictions or date limitations to the search

and had access to all scientific databases. We contacted the trial au-

thors of the included trials and attempted to gather all information

required in order to limit this type of bias. However, only Barczyn-

ski (Barczynski 2009; Barczynski 2012), replied to our questions.

We did not detect relevant departures from trial protocols during

the review process.

For all analyses, we opted for a random-effects analysis due to

substantial clinical heterogeneity. For Analysis 1.4, we detected

Sari 2010 as an outlier (which would give justification to exclude

this trial), however, we decided to leave this trial in our analysis.

New clinical trials are needed to clarify the situation.

Marginal decisions around the inclusion or exclusion of trials or

use and analysis of data could have had an impact on the find-

ings of the review (e.g. clinical heterogeneity, variation in trial de-

sign or delivery of intervention, prioritisation of data from mul-

tiple time points, definition of subgroups, alternative definitions

of outcomes, use of adjusted as opposed to unadjusted data, out-

come surrogacy). Analysis of data on primary outcomes involved

consideration of clustered data. RILN palsy nerves in the original

trials were used by trial authors as the denominator without ad-

justment for the non-independence between nerves. Also, these

trials did not employ adequate statistical measures. Because no

intra-cluster correlation data were available, we did not reanalyse

clustered data for RILN palsy. Furthermore, CIs were consistent

with both benefit and harm and would have been even wider had

case re-analyses been possible. Regarding the exclusion of trials,

we excluded trials investigating injury of the external branch of

the superior laryngeal nerve due to a previous decision reported

in the protocol (Cirocchi 2016).

Agreements and disagreements with other
studies or reviews

Ten previous systematic reviews and meta-analyses of compara-

tive trials on IONM versus visual nerve identification have been

published (Bai 2018; Lombardi 2016; Malik 2016; Pisanu 2014;

Rulli 2014; Sanabria 2013; Sun 2017; Wong 2017; Yang 2017;

Zheng 2013); see Table 2. Two other meta-analyses (Higgins 2011;

Pardal-Refoyo 2016), performed a pooled analysis of comparative

and non-comparative trials. Two meta-analyses were performed

on a specific subgroup: patients who underwent thyroid reopera-

tions (Sun 2017), and high-risk patients (re-operation, thyroidec-

tomy for malignancy, thyrotoxicosis and retrosternal goitre; Wong

2017).

The results of the previous reviews were heterogeneous and con-

flicting. There was evidence for a decrease of transient and perma-

nent RILN injury (Bai 2018; Zheng 2013), a decrease of transient

RILN injury (Wong 2017; Yang 2017), a decrease of permanent

RILN injury (Sun 2017), no substantial decrease of permanent

RILN injury (Lombardi 2016), and no substantial decrease for

transient and permanent RILN injury (Malik 2016; Pisanu 2014;

Sanabria 2013).

The reasons for these differences may be explained by the contin-

uous evolution and progress of IONM technology and the rising

surgical awareness for the need of strict adherence to a standard-

ised approach to IONM, as outlined in the published guideline

statements (Barczynski 2012; Randolph 2011). In the older tri-

als, sensitivity and specificity in RILN identification was probably

lower. Moreover, the use of a non-standardised approach to IONM

procedures may have limited the potential of the method in prog-

nostication of postoperative neural function. Only a few centres

used routine postoperative laryngoscopy, whereas “no hoarseness”

reported by the patient or found on clinical examination served as

sufficient proof of intact vocal folds and RILN function in the ma-

jority of centres. This may have resulted in an underestimation of

the incidence of RILN injury (Henry 2017). Moreover, assessment

of novel technology of continuous vagal IONM, which allows for

recognition of impending neural injury by EMG change and has

the potential to prevent neural injury by modification of surgical

manoeuvres, was outside the scope of the majority of published

systematic reviews and meta-analyses.

A U T H O R S ’ C O N C L U S I O N S

Implications for practice

Both intraoperative neuromonitoring (IONM) and visual nerve

identification alone are widely used during thyroidectomy. The

choice of technique depends on various factors, such as techni-

cal resources and the surgeon’s experience. However, it is unclear

if IONM should be preferred to visual nerve identification only

in all patients undergoing thyroid surgery or if it should be used

rather in selected patients, at high-risk for recurrent inferior la-

ryngeal nerve (RILN) injury (e.g. revision thyroid surgery). As the

literature on this topic to date is limited in quantity and qual-

ity, there is no robust evidence that supports a substantive differ-

ence between interventions in the analysis of permanent and tran-

sient RILN palsy, adverse events other than RILN palsy (transient

hypoparathyroidism), and operative time. In general, the use of

IONM is as safe as visual nerve identification alone. More research

is needed to confidently determine whether IONM reduces tran-

sient or permanent types of palsy, with a focus on risk stratification

for unilateral versus bilateral nerve events.
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Implications for research

The major limitations of our meta-analyses are the small sample

sizes and the overall low number of events in the included tri-

als. Well-designed, executed, analysed and reported randomised

controlled trials, with a larger number of participants and longer

follow-up, employing the latest IONM technology and applying

new surgical techniques (e.g. staged thyroidectomy in case of loss

of signal on the first side (Henry 2017)), are needed.
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C H A R A C T E R I S T I C S O F S T U D I E S

Characteristics of included studies [ordered by study ID]

Barczynski 2009

Methods Parallel, randomised controlled clinical trial, randomisation ratio 1:1

Participants Inclusion criteria: thyroid pathology qualified for first-time bilateral neck surgery. 18-

80 years. All genders

Exclusion criteria: previous thyroid or parathyroid surgery, unilateral thyroid pathology

eligible for a minimally invasive approach, mediastinal goitre, preoperative RILN palsy,

pregnancy or lactation, age < 18 years, ASA grade 4 and inability to comply with the

follow-up protocol

Diagnostic criteria: not reported

Interventions Number of trial centres: 1

Treatment before trial: not reported

Extension period: no

Description of interventions: all thyroid operations were performed by 3 experienced

endocrine surgeons, who exposed RILNs and performed 2 different interventions for

each participant:

• RILN visualisation with associated neuromonitoring. RILNs were routinely

identified by visualisation and had additional nerve monitoring

• RILN visualisation alone, RILNs were routinely identified by visualisation

IONM technique. Quote from publication: “Nerve monitoring with the Neurosign®

100 system (Inomed, Teningen, Germany). After identification of the cricoid and thyroid

cartilage, the ipsilateral vocal muscle was impaled with the bipolar recording electrode

through the cricothyroid ligament. The neutral electrode was placed in the sternocleido-

mastoid muscle. The proper placement of the electrodes was confirmed by an impedance

meter of the circuit in the patient in the final operating position. Before any manipu-

lation of the thyroid gland, the vagus nerve was first dissected over a short stretch to

allow for the initial assessment of the indirect stimulation response. A handheld bipolar,

concentric stimulating probe was used with a current amplitude of 1 (range 0·5-1·5) mA

(depending on the RILN threshold) and 3-Hz impulses of 200 ms each for 1-2 s. The

electrical field response of the muscle was documented as an acoustic signal. An attempt

was made to identify the RILNs by using the electrode before their visualisation rather

than by palpation or surgical dissection. After the removal of the thyroid lobe, both direct

stimulation (through an electrode placed on the ipsilateral RILN nerve) and indirect

stimulation (through an electrode placed on the ipsilateral vagus nerve) responses were

determined. These final stimulation responses were used for predicting the postoperative

outcome. The ‘laryngeal twitch response’ was not evaluated routinely”

Outcomes Primary outcomes

• Permanent RILN palsy: yes

• Transient RILN palsy the incidence of the recurrent laryngeal nerve injury

(evaluated on 2nd postoperative day and than at 1, 2, 4, 6 and 12 months

postoperatively, if paresis was noted on 1st examination)

• Health-related quality of life (not evaluated)

Secondary outcomes

30Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing

thyroid surgery (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Barczynski 2009 (Continued)

• The IONM-added value to RILN identification, the value of IONM in

prediction of postoperative vocal cords function (intraoperative data compared with

observation of vocal cords function postoperatively on the 2nd day postop)

• Adverse events other than permanent or transient RILN palsy

• Operative time: not evaluated

• All-cause mortality: not evaluated

• Socioeconomic effects: not evaluated

Study details Trial terminated early: no

Trial ID: NCT00661024

Publication details Language of publication: English

Funding: non-commercial funding (Jagiellonian University)

Publication status: peer-reviewed journal

Stated aim for study Quote from publication: “The aim of this study was to test the hypothesis that iden-

tification of the recurrent laryngeal nerve (RLN) during thyroid surgery reduces injury,

and that intraoperative nerve monitoring may be of additional benefit”

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote from publication: “Randomiza-

tion was performed by computer-generated

permuted block sequencing”

Comment: unclear block size

Allocation concealment (selection bias) Low risk Quote from publication: “Randomiza-

tion was performed by computer-generated

permuted block sequencing and allocated

using sealed envelopes to be opened in the

operating theatre”

Comment: trial author stated that the en-

velopes were opaque and sequentially num-

bered

Blinding of participants and personnel

(performance bias)

adverse events other than RILN

High risk Quote from publication: “Patients were

blinded to their group assignment”

Comment: trial author stated that the sur-

gical personnel was not blinded

Blinding of participants and personnel

(performance bias)

all-cause mortality

Low risk Comment: trial author stated that there

were no deaths during the trial
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Barczynski 2009 (Continued)

Blinding of participants and personnel

(performance bias)

operative time

High risk Quote from publication: “Patients were

blinded to their group assignment”

Comment: trial author stated that the per-

sonnel was not blinded

Blinding of participants and personnel

(performance bias)

permanent RILN palsy

High risk Quote from publication: “Patients were

blinded to their group assignment”

Comment: trial author stated that the per-

sonnel was not blinded

Blinding of participants and personnel

(performance bias)

transient RILN palsy

High risk Quote from publication: “Patients were

blinded to their group assignment”

Comment: trial author stated that the per-

sonnel was not blinded

Blinding of outcome assessment (detection

bias)

adverse events other than RILN

Unclear risk Comment: trial author stated that there

was no blinding for adverse events other

than RILN

Blinding of outcome assessment (detection

bias)

all-cause mortality

Low risk Comment: trial author stated that there

were no deaths during the trial

Blinding of outcome assessment (detection

bias)

operative time

Unclear risk Comment: no blinding of outcome assess-

ment

Blinding of outcome assessment (detection

bias)

permanent RILN palsy

Low risk Comment: trial author stated that the

ENT specialist who performed laryngeal

examinations on postoperative day 2 and

followed-up participants in case of nerve

injury was blinded

Blinding of outcome assessment (detection

bias)

transient RILN palsy

Low risk Comment: trial author stated that the

ENT specialist who performed laryngeal

examinations on postoperative day 2 and

followed-up participants in case of nerve

injury was blinded

Incomplete outcome data (attrition bias)

adverse events other than RILN

Low risk Comment: no dropouts (no missing data)

Incomplete outcome data (attrition bias)

all-cause mortality

Low risk Comment: trial author stated that there

were no deaths during the trial

Incomplete outcome data (attrition bias)

operative time

Low risk Comment: no dropouts (no missing data)
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Barczynski 2009 (Continued)

Incomplete outcome data (attrition bias)

permanent RILN palsy

Low risk Comment: no dropouts (no missing data)

Incomplete outcome data (attrition bias)

transient RILN palsy

Low risk Comment: no dropouts (no missing data)

Selective reporting (reporting bias) Low risk Comment: the outcomes reported in the

protocol on the ClinicalTrials.gov website

and in the published article are the same

Other bias Unclear risk Comment: no adequate statistical analysis

for clustered data (for outcome measures

transient and permanent RILN palsy)

Barczynski 2012

Methods Parallel, randomised controlled clinical trial, randomisation ratio 1:1

Participants Inclusion criteria: thyroid pathology qualified for first-time bilateral neck surgery in

women with small-moderate sized goitre (< 100 mL in volume). ≥ 18 years. Female

gender.

Exclusion criteria: male gender, previous thyroid or parathyroid surgery, unilateral thy-

roid pathology eligible for unilateral lobectomy, goitre volume > 100 mL, preoperative

RILN palsy, abnormal preoperative voice assessment on GRBAS scale, pregnancy or lac-

tation, age < 18 years, ASA grade 4 and inability to comply with the follow-up protocol

Diagnostic criteria: not reported

Interventions Number of trial centres: 1

Treatment before trial: not reported

Extension period: no

Description of interventions: all thyroid operations were performed by 3 experienced

endocrine surgeons, who exposed EBSLNs and RILNs and performed 2 different inter-

ventions for each participant:

• EBSLN and RILN visualisation associated with neuromonitoring. The

standard practice of attempting to visually identify and preserve the EBSLNs and

RILNs continued supported by adjunct of the IONM system

• EBSLN and RILN visualisation alone. The EBSLNs and RILNs were routinely

identified by visualisation alone

IONM technique. Quote from publication: ”The NIM 3.0 system (Medtronic, Jack-

sonville, FL) was used in all operations of group B patients (105 patients, 210 EBSLNs,

and 210 RILNs at risk), with surface electrodes integrated with an endotracheal tube

7.0 in diameter, which was inserted between the vocal folds by an anaesthetist under

direct vision during intubation. The standardized technique of neuromonitoring of the

RILNs was used, including indirect vagal response evaluation at the beginning and at

the end of the operation according to the recommendations formulated recently by the

International Intraoperative Monitoring Study Group (Randolph 2011). The nerves

were stimulated using a monopolar electrode and the interrupted stimulation technique
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Barczynski 2012 (Continued)

at 1 mA, 100 ms impulse duration, and 4 Hz frequency. In case of bifurcated RILN

nerves, the assessment included post-stimulation response of each nerve branch based

on acoustic evaluation of the signal, EMG response evaluation (latency and amplitude)

and the technique of posterior larynx palpation (“laryngeal twitch”)“

Outcomes Primary outcomes

• Permanent RILN palsy (evaluated as secondary outcome)

• Transient RILN palsy

• Health-related quality of life (not evaluated)

Secondary outcomes

• Adverse events other than permanent or transient RILN palsy: the changes in

postoperative voice performance (pre and postoperative assessment, evaluated to 6

months postoperatively): analysis of maximum phonation time, voice level,

fundamental frequency and voice quality rating on GRBAS scale

• Operative time

• All-cause mortality (not evaluated)

• Socioeconomic effects (not evaluated)

Study details Trial terminated early: no

Trial ID: NCT01395134

Publication details Language of publication: English

Funding: non-commercial funding (Jagiellonian University)

Publication status: peer-reviewed journal

Stated aim for study Quote from publication: ”Intraoperative nerve monitoring (IONM) has gained

widespread acceptance as an adjunct to the gold standard of visual nerve identification,

and this technique can be used to identify both the recurrent laryngeal nerve (RLN) and

the EBSLN. However, it remains unclear whether there is any IONM-added value to the

clinical outcome of thyroidectomy in terms of preserved individual voice performance.

This study was designed to test that hypothesis.“

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote from publication: ”Randomiza-

tion was performed by computer and se-

quencing was based on permuted blocks of

2 and 3 to balance the number of patients

in the treatment groups“
Comment: trial author stated that the

block size was adequate

Allocation concealment (selection bias) Low risk Quote from publication: ”Information

on the IONM use remained in consec-

utively numbered and sealed envelopes,
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Barczynski 2012 (Continued)

which were stored in a specific box in the

operating room. An envelope containing

the allocation was added to the patient’s file

once he had entered the operating room. In

this way, the patient was blinded to the rele-

vant group assignment. Then, the envelope

was opened and the surgeon performed the

assigned intervention”

Comment: trial author stated that the en-

velopes were opaque

Blinding of participants and personnel

(performance bias)

all-cause mortality

Low risk Comment: trial author stated that there

were no deaths during the trial

Blinding of participants and personnel

(performance bias)

operative time

High risk Quote from publication: “Patients were

blinded to the relevant group assignment”

Comment: trial author stated that the per-

sonnel were not blinded

Blinding of participants and personnel

(performance bias)

permanent RILN palsy

High risk Quote from publication: “Patients were

blinded to the relevant group assignment”

Comment: trial author stated that the per-

sonnel were not blinded

Blinding of participants and personnel

(performance bias)

transient RILN palsy

High risk Quote from publication: “Patients were

blinded to the relevant group assignment”

Comment: trial author stated that the per-

sonnel were not blinded

Blinding of outcome assessment (detection

bias)

all-cause mortality

Low risk Comment: trial author stated that there

were no deaths during the trial

Blinding of outcome assessment (detection

bias)

operative time

Unclear risk Comment: no blinding of outcome assess-

ment

Blinding of outcome assessment (detection

bias)

permanent RILN palsy

Low risk Quote from publication: “The assessment

protocol was strictly followed by the ENT

specialist (AH), who was blinded to the pa-

tient relevant group assignment”

Blinding of outcome assessment (detection

bias)

transient RILN palsy

Low risk Quote from publication: “The assessment

protocol was strictly followed by the ENT

specialist (AH), who was blinded to the pa-

tient relevant group assignment”
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Incomplete outcome data (attrition bias)

all-cause mortality

Low risk Comment: trial author stated that there

were no deaths during the trial

Incomplete outcome data (attrition bias)

operative time

Low risk Comment: no missing data

Incomplete outcome data (attrition bias)

permanent RILN palsy

Low risk Quote from publication: “The patients

were randomized into two equal-sized

groups (n = 105) ... Four group A versus

five group B patients were lost to follow-up.

Thus, for the final analysis group A con-

sisted of 101 patients ..., whereas group B

consisted of 100 patients...”

Comment: during follow-up a total of 9

participants (4.3%) were lost. The reasons

are not provided in the publication but the

number of participants lost to follow-up is

balanced among treatment arms; it is un-

likely that the low attrition rate affected

outcome measures

Incomplete outcome data (attrition bias)

transient RILN palsy

Low risk Quote from publication: “The patients

were randomized into two equal-sized

groups (n = 105) ... Four group A versus

five group B patients were lost to follow-up.

Thus, for the final analysis group A con-

sisted of 101 patients ..., whereas group B

consisted of 100 patients...”

Comment: during follow-up a total of 9

participants were lost (4.3%). The reasons

are not provided in the publication but the

number of participants lost to follow-up is

balanced among treatment arms; it is un-

likely that the low attrition rate affected

outcome measures

Selective reporting (reporting bias) Low risk Comment: the outcomes reported in the

protocol on the ClinicalTrial.gov website

and in the published article are the same

Other bias Unclear risk Comment: no adequate statistical analysis

for clustered data (for outcome measures

transient and permanent RILN palsy)
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Hei 2016a

Methods Parallel randomised controlled clinical trial, randomisation ratio 1:1

Participants Inclusion criteria: ≥ 1 previous thyroid operation, normal ipsilateral vocal cord function

was detected by preoperative laryngoscopy; previous surgical field (either thyroid bed

or central neck compartment), as well as ipsilateral RLN, would be exposed during

reoperation

Exclusion criteria: limited movement or paralysis of the ipsilateral vocal cord observed by

preoperative laryngoscopy; previous surgical field and ipsilateral RLNs were not exposed

during reoperation

Diagnostic criteria: preoperative neck ultrasound, contrast-enhanced CT scans from the

neck to the chest, fibre-optic laryngoscopy, as a gold standard to evaluate the functional

integrity of RLNs

Interventions Number of trial centres: 1

Treatment before trial: not reported

Extension period: no

Description of interventions: all operations were thyroid reoperations performed by 1

experienced thyroid surgeon who had > 20 years’ experience with thyroidectomy

All the reoperations were performed through the existing skin incision and the RILNs

were located and exposed by different methods:

• RILN visualisation associated with neuromonitoring. The RILNs were located

with the assistance of an intermittent IONM system and then fully exposed by the

method of nerve mapping

• RILN visualisation alone. The RILNs were identified visually using different

anatomic landmarks, such as Zuckerkandl tubercle, tracheoesophageal groove, and

medial aspect of carotid artery. Then the RILNs were dissected upward to the larynx

and downward to the thoracic inlet

IONM technique. Quote from publication: “The RILNs of patients in the NIM group

were monitored by the NIM Response 2.0 (Medtronic Xomed, Jacksonville, FL), which

had a specific type of endotracheal tube with 4 surface electrodes. After the endotracheal

tube was inserted into the trachea by an experienced anaesthetist, a video laryngoscope

was used to adjust its position to make sure that the surface electrodes fully contacted with

the bilateral vocal cords. This study complied with the standard operating procedures of

intermittent IONM. All vagus nerves in the NIM group were dissected out of the carotid

sheath for further stimulation. In addition to these, stimulation of the vagus nerve or the

RILN was also performed during challenging or concerning maneuvers. Data of peak

amplitude and latency were collected and analyzed”

Outcomes Temporary and permanent RILN paralysis:

• temporary RILN paralysis was defined as recovery of RILN function within the

first 6 months after thyroid reoperation

• permanent RILN paralysis was defined as no recovery of function during this

period

RILN injuries were divided into 3 groups:

• surgeon-related paralysis (defined as unintentional RILN injuries caused by

surgical errors, such as ligation, clamping, burn, and so on. RILNs in this group should

be neither surrounded by scar tissues nor invaded by tumours)

• tumour-related paralysis (defined as intentional injuries because of perineural

invasion by tumours or metastatic lymph nodes, and RILNs were partially or

completely transected on purpose)
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Hei 2016a (Continued)

• scar-related paralysis (defined as RILN injuries because of tissue adhesion)

Study details Trial terminated early: no

Trial ID: approved by the Ethics Committee of the Affiliated Cancer Hospital of

Zhengzhou University and was performed according to the Declaration of Helsinki

Publication details Language of publication: English

Funding: non-commercial funding (Henan Health Agency; grant no. 112102310259)

Publication status: peer-reviewed journal

Stated aim for study Quote from publication: “The purpose of this study was to evaluate whether intermit-

tent intraoperative nerve monitoring could reduce the incidence of recurrent laryngeal

nerve paralysis in thyroid reoperations”

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Quote from publication: “All enrolled pa-

tients signed a written informed consent

and then were randomly assigned into ei-

ther the nerve integrity monitor (NIM)

group or the control group”

Comment: no details

Allocation concealment (selection bias) Unclear risk Quote from publication: “All enrolled pa-

tients signed a written informed consent

and then were randomly assigned into ei-

ther the nerve integrity monitor (NIM)

group or the control group”

Comment: no details

Blinding of participants and personnel

(performance bias)

permanent RILN palsy

High risk Comment: information about blinding of

participants and personnel not provided,

personnel probably not blinded

Blinding of participants and personnel

(performance bias)

transient RILN palsy

High risk Comment: information about blinding of

participants and personnel not provided,

personnel probably not blinded

Blinding of outcome assessment (detection

bias)

permanent RILN palsy

Unclear risk Comment: information about blinding of

outcome assessment not provided

Blinding of outcome assessment (detection

bias)

transient RILN palsy

Low risk Comment: information about blinding of

outcome assessment not provided
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Incomplete outcome data (attrition bias)

adverse events other than RILN

Low risk Comment: no dropouts (no missing data)

Incomplete outcome data (attrition bias)

permanent RILN palsy

Low risk Comment: no dropouts (no missing data)

Incomplete outcome data (attrition bias)

transient RILN palsy

Low risk Comment: no dropouts (no missing data)

Selective reporting (reporting bias) Unclear risk Comment: protocol number provided, but

we could not identify it

Other bias Unclear risk Comment: no adequate statistical analysis

for clustered data (for outcome measures

transient and permanent RILN palsy)

Lee 2015

Methods Parallel, randomised controlled clinical trial, randomisation ratio not reported

Participants Inclusion criteria: malignant thyroid nodules

Exclusion criteria: diffuse toxic goitres (Graves’ disease), nodules > 4 cm, recurrent

goitres, patients with RILN palsy, and patients who had undergone previous neck surgery

Diagnostic criteria: the malignant thyroid nodules were confirmed by cytology of fine-

needle aspiration

Interventions Number of trial centres: 1

Treatment before trial: not reported

Extension period: no

Description of interventions: a robotic thyroidectomy, using a standard bilateral axillo-

breast approach, was performed with the da Vinci-S Surgical System (Intuitive Surgical,

Mountain View, CA) by the same surgeon with > 10 years of experience in robotic

surgery. In both groups, the surgeon traced and identified the whole cervical course of

the RILN before sealing the inferior thyroid artery:

• RILN visualisation associated with neuromonitoring. The RILN is identified

and exposed solely with the endoscope, giving a magnified view of the nerve.

Successively the standard technique for IONM is to stimulate both the vagus nerve and

the RILN before thyroid dissection and after complete thyroidectomy

• RILN visualisation alone. The RILN is identified and exposed solely with the

endoscope, giving a magnified view of the nerve

IONM technique. Quote from publication: “The NIM 2.0 system (Medtronic Xomed

Surgical Products, Jacksonville, FL) was used for neuromonitoring of the IONM group

according to the international standards guideline. All RLNs in the IONM group can

identified by the NIM 2.0 system, so visual identification of RLNs was not an essential

surgical process in the IONM group”
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Lee 2015 (Continued)

Outcomes • Transient or permanent laryngeal nerve lesions

• Voice Handicap Index

• Voice Range Profile

Study details Trial terminated early: no

Trial ID: approved by Korea University Anam Hospital Institutional Review Board

(protocol number MD1108)

Publication details Language of publication: English

Funding: non-commercial funding (Basic Science Research Program through the Na-

tional Research Foundation of Korea funded by the Ministry of Education, Science and

Technology; grant no. 012R1A1013413)

Publication status: peer-reviewed journal

Stated aim for study Quote from publication: “This study evaluates the efficacy of intraoperative neuromon-

itoring (IONM) on voice performance in robotic thyroidectomy”

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Unclear risk Quote from publication: “The recruited

patients were randomized into two groups

(IONM and non-IONM) using a block

randomization method”

Comment: not enough details

Allocation concealment (selection bias) Unclear risk Comment: no details

Blinding of participants and personnel

(performance bias)

operative time

High risk Comment: information about blinding of

participants and personnel not provided,

personnel probably not blinded

Blinding of participants and personnel

(performance bias)

permanent RILN palsy

High risk Comment: information about blinding of

participants and personnel not provided,

personnel probably not blinded

Blinding of participants and personnel

(performance bias)

transient RILN palsy

High risk Comment: information about blinding of

participants and personnel not provided,

personnel probably not blinded

Blinding of outcome assessment (detection

bias)

adverse events other than RILN

Unclear risk Comment: information about blinding of

outcome assessment not provided
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Blinding of outcome assessment (detection

bias)

operative time

Unclear risk Comment: information about blinding of

outcome assessment not provided

Blinding of outcome assessment (detection

bias)

permanent RILN palsy

Unclear risk Comment: information about blinding of

outcome assessment not provided

Blinding of outcome assessment (detection

bias)

transient RILN palsy

Unclear risk Comment: information about blinding of

outcome assessment not provided

Incomplete outcome data (attrition bias)

adverse events other than RILN

Low risk

Incomplete outcome data (attrition bias)

operative time

Low risk Comment: no dropouts (no missing data)

Incomplete outcome data (attrition bias)

permanent RILN palsy

Low risk Comment: no dropouts (no missing data)

Incomplete outcome data (attrition bias)

transient RILN palsy

Low risk Comment: no dropouts (no missing data)

Selective reporting (reporting bias) Unclear risk Comment: protocol number provided, but

we could not identify it

Other bias Low risk Comment: none detected

Sari 2010

Methods Parallel, randomised controlled clinical trial, randomisation ratio 1:1

Participants Inclusion criteria: multinodular goitre, multinodular toxic goitre, Graves’ disease, toxic

adenoma, solitary adenoma, papillary carcinoma

Exclusion criteria: the presence of preoperative cord dysfunction, reoperative surgery,

retrosternal goitre, monitoring dysfunction (likely electrode displacement)

Diagnostic criteria: not reported

Interventions Number of trial centres: 1

Treatment before trial: not reported

Extension period: no

Description of interventions: the same surgeons performed all thyroid operations who

exposed RILNs and performed 2 different interventions for each participant:

• RILN visualisation associated with neuromonitoring. RILNs were routinely

identified by visualisation and had additional nerve monitoring

• RILN visualisation alone. RILNs were routinely identified by visualisation

IONM technique. Quote from publication: “In IONM group, intubation was per-
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Sari 2010 (Continued)

formed without aid of neuromuscular blockade. Endotracheal-based monitoring systems

(eg, Medtronic NIM, Jacksonville, FL) are used to monitor the bilateral thyroarytenoid

muscles for ongoing real-time EMG activity. Neural stimulation was performed with a

disposable nerve with the current set at 1.5 mA. An original EMG signal was obtained

from the vagus nerve before identification of RLN. Vagal stimulation is used to assess

accuracy of tube placement before dissection near the recurrent laryngeal nerve. The

stimulation level was set at 1.5 mA as a starting point and the event threshold at 100 mV.

The signal was obtained from the RLN, which was first identified at tracheoesophageal

Groove and the RLN was dissected completely from Berry’s ligament”

Outcomes • Identification time of RILN

• Operating time

• Persistent and transient RILN

• Persistent and transient hypoparathyroidism

• Identification time of RILN

• Mortality

• Postoperative complications

• Persistent nerve palsy

• Persistent hypoparathyroidism

• Transient nerve palsy

• Transient hypoparathyroidism

Study details Trial terminated early: no

Trial ID: approved by the ethical committee of the Faculty of Medicine, University of

Istanbul

Publication details Language of publication: English

Funding: no funding reported

Publication status: peer-reviewed journal

Stated aim for study Quote from publication: “The aim of this clinical trial is to evaluate the effect of the

identification time of RILN during thyroidectomy using IONM”

Notes -

Risk of bias

Bias Authors’ judgement Support for judgement

Random sequence generation (selection

bias)

Low risk Quote from publication: “Patients were

randomly assigned to have RLNs identified

by visualisation alone or with intraopera-

tive nerve monitoring during surgery. Pa-

tients were selected according to the num-

ber on the random table for two different

groups. Randomization was performed by

residents”
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Allocation concealment (selection bias) Unclear risk Quote from publication: “Patients were

randomly assigned to have RLNs identified

by visualisation alone or with intraopera-

tive nerve monitoring during surgery. Pa-

tients were selected according to the num-

ber on the random table for two different

groups. Randomization was performed by

residents”

Comment: no details

Blinding of participants and personnel

(performance bias)

adverse events other than RILN

High risk Comment: no information about partici-

pants and personnel blinding was provided,

personnel probably not blinded

Blinding of participants and personnel

(performance bias)

all-cause mortality

Low risk Comment: no information about partici-

pants and personnel blinding was provided,

personnel probably not blinded, outcome

measure unlikely influenced by lack of

blinding

Blinding of participants and personnel

(performance bias)

operative time

High risk Comment: no information about partici-

pants and personnel blinding was provided,

personnel probably not blinded

Blinding of participants and personnel

(performance bias)

permanent RILN palsy

High risk Comment: no information about partici-

pants and personnel blinding was provided,

personnel probably not blinded

Blinding of participants and personnel

(performance bias)

transient RILN palsy

High risk Comment: no information about partici-

pants and personnel blinding was provided,

personnel probably not blinded

Blinding of outcome assessment (detection

bias)

adverse events other than RILN

Unclear risk Comment: no information was provided

about whether the outcome assessor was

blinded

Blinding of outcome assessment (detection

bias)

all-cause mortality

Low risk Comment: no information was provided

about whether the outcome assessor was

blinded, outcome measure unlikely influ-

ence by lack of blinding

Blinding of outcome assessment (detection

bias)

operative time

Unclear risk Comment: no information was provided

about whether the outcome assessor was

blinded

Blinding of outcome assessment (detection

bias)

permanent RILN palsy

Unclear risk Comment: no information was provided

whether the outcome assessor was blinded
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Blinding of outcome assessment (detection

bias)

transient RILN palsy

Unclear risk Comment: no information was provided

about whether the outcome assessor was

blinded

Incomplete outcome data (attrition bias)

adverse events other than RILN

Low risk Comment: no dropouts (no missing data)

Incomplete outcome data (attrition bias)

all-cause mortality

Low risk Comment: no dropouts (no missing data)

Incomplete outcome data (attrition bias)

operative time

Low risk Comment: no dropouts (no missing data)

Incomplete outcome data (attrition bias)

permanent RILN palsy

Unclear risk Quote from publication: “Sixteen nerves

were excluded from this study (6 nerves had

preoperative cord palsy; acoustic signal was

not recorded in 10 nerves”

Comment: 10 nerves of 233 nerves (4.3%)

were excluded in the IONM group

Incomplete outcome data (attrition bias)

transient RILN palsy

Unclear risk Quote from publication: “Sixteen nerves

were excluded from this study (6 nerves had

preoperative cord palsy; acoustic signal was

not recorded in 10 nerves”

Comment: 10 nerves of 233 nerves (4.3%)

were excluded in the IONM group

Selective reporting (reporting bias) Unclear risk Comment: no protocol published

Other bias Unclear risk Comment: no adequate statistical analysis

for clustered data (for outcome measures

transient and permanent RILN palsy)

Note: where the judgement is ’Unclear’ and the description is blank, the trial did not report that particular outcome.

ASA: American Society of Anesthesiology; CT: computed tomography; EBSLN: external branch of the superior laryngeal nerve; ENT:

ear, nose and throat; GRBAS scale: grade, roughness, breathiness, asthenia, strain scale; MIVAT: minimally invasive video-assisted

thyroidectomy; NIM: nerve integrity monitor; IONM: intraoperative nerve monitoring; RILN: recurrent inferior laryngeal nerve;

RLN: recurrent laryngeal nerve; VAT: video-assisted thyroidectomy
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Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Alesina 2012 Not a RCT

Barczynski 2011 Not a RCT

Brauckhoff 2002 Not a RCT

Calo 2013 Not a RCT

Calo 2014 Not a RCT

Calo 2014a Not a RCT

Cavicchi 2009 The aim of the RCT was to compare neurostimulation with laryngeal palpation versus IONM in the evaluation

of RILN safety after thyroidectomy. 1 arm of the trial used IONM, but the other arm did not use visual identi-

fication. Neurostimulation with laryngeal palpation is an intermittent monitoring technique for the evaluation

of the contraction of the cricoarytenoid muscle (laryngeal twitch) after stimulation of RILN with an electric

stimulator probe

Chan 2006 Not a RCT

De Falco 2014 Not a RCT

Dionigi 2009 Quasi-RCT

Dralle 2004 Not a RCT

Hei 2016b Not a RCT

Higgins 2011 Systematic review and meta-analysis

Khaled 2012 IONM on RILN after thyroidectomy not assessed. Focus was analysis of the efficacy of IONM in preventing

an injury of the external branch of the superior laryngeal nerve

Lifante 2009 In this RCT, the impact of using intraoperative neuromonitoring on the recurrent inferior laryngeal nerve after

thyroidectomy was not assessed. In effect, the trial focused to analyse the efficacy of intraoperative neuromoni-

toring in preventing an injury of the external branch of the superior laryngeal nerve

Lombardi 2016 Systematic review and meta-analysis

Malik 2016 Systematic review

Mangano 2014 Systematic review

Masuoka 2015 In this RCT, the impact of using IONM on the recurrent inferior laryngeal nerve after thyroidectomy was not

assessed. In effect, the trial focused to analyse the efficacy of intraoperative neuromonitoring in preventing an

injury of the external branch of the superior laryngeal nerve
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(Continued)

Moris 2014 Not a RCT

Netto 2007 Not a RCT

Parmeggiani 2012 RCT used 2 different types of IONM devices in the both arms

Pisanu 2014 Systematic review and meta-analysis

Rulli 2014 Systematic review and meta-analysis

Stevens 2012 Not a RCT

Terris 2007 Not a RCT

Thomusch 2002 Not a RCT

Uludag 2016 IONM on RILN after thyroidectomy not assessed. Focus was analysis of the efficacy of IONM in preventing

an injury of the external branch of the superior laryngeal nerve

Witt 2005 Not a RCT

Wojtczak 2016 Narrative review

Wong 2017 Systematic review and meta-analysis

Zheng 2013 Systematic review and meta-analysis

IONM: intraoperative nerve monitoring; RCT: randomised controlled trial; RILN: recurrent inferior laryngeal nerve
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D A T A A N D A N A L Y S E S

Comparison 1. Intraoperative neuromonitoring versus visual nerve identification only

Outcome or subgroup title
No. of

studies

No. of

participants Statistical method Effect size

1 Permanent RILN palsy 4 2895 Risk Ratio (M-H, Random, 95% CI) 0.77 [0.33, 1.77]

2 Transient RILN palsy 4 2895 Risk Ratio (M-H, Random, 95% CI) 0.62 [0.35, 1.08]

3 Adverse events other than RILN

palsy

2 286 Risk Ratio (M-H, Random, 95% CI) 1.25 [0.45, 3.47]

4 Operative time 4 1488 Mean Difference (IV, Random, 95% CI) -0.80 [-11.22, 9.62]

5 All-cause mortality 3 1438 Risk Ratio (M-H, Random, 95% CI) 0.0 [0.0, 0.0]

Analysis 1.1. Comparison 1 Intraoperative neuromonitoring versus visual nerve identification only,

Outcome 1 Permanent RILN palsy.

Review: Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing thyroid surgery

Comparison: 1 Intraoperative neuromonitoring versus visual nerve identification only

Outcome: 1 Permanent RILN palsy

Study or subgroup

Intraoperative
neuromonitor-

ing
Visual nerve
identification Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Barczynski 2009 (1) 8/1000 12/1000 87.6 % 0.67 [ 0.27, 1.62 ]

Sari 2010 (2) 0/210 0/199 Not estimable

Barczynski 2012 (3) 0/200 0/202 Not estimable

Hei 2016a (4) 2/41 1/43 12.4 % 2.10 [ 0.20, 22.26 ]

Total (95% CI) 1451 1444 100.0 % 0.77 [ 0.33, 1.77 ]

Total events: 10 (Intraoperative neuromonitoring), 13 (Visual nerve identification)

Heterogeneity: Tau2 = 0.0; Chi2 = 0.79, df = 1 (P = 0.37); I2 =0.0%

Test for overall effect: Z = 0.62 (P = 0.54)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours intraoperative neuromonitoring Favours visual nerve identification
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(1) Total numbers refer to nerves at risk

(2) Total numbers refer to nerves at risk

(3) Total numbers refer to nerves at risk

(4) Total numbers refer to nerves at risk

Analysis 1.2. Comparison 1 Intraoperative neuromonitoring versus visual nerve identification only,

Outcome 2 Transient RILN palsy.

Review: Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing thyroid surgery

Comparison: 1 Intraoperative neuromonitoring versus visual nerve identification only

Outcome: 2 Transient RILN palsy

Study or subgroup

Intraoperative
neuromonitor-

ing
Visual nerve
identification Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Barczynski 2009 (1) 19/1000 38/1000 58.3 % 0.50 [ 0.29, 0.86 ]

Sari 2010 (2) 3/210 3/199 11.2 % 0.95 [ 0.19, 4.64 ]

Barczynski 2012 (3) 3/200 8/202 15.8 % 0.38 [ 0.10, 1.41 ]

Hei 2016a (4) 5/41 3/43 14.7 % 1.75 [ 0.45, 6.85 ]

Total (95% CI) 1451 1444 100.0 % 0.62 [ 0.35, 1.08 ]

Total events: 30 (Intraoperative neuromonitoring), 52 (Visual nerve identification)

Heterogeneity: Tau2 = 0.06; Chi2 = 3.56, df = 3 (P = 0.31); I2 =16%

Test for overall effect: Z = 1.69 (P = 0.090)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours intraoperative neuromonitoring Favours visual nerve identification

(1) Total numbers refer to nerves at risk

(2) Total numbers refer to nerves at risk

(3) Total numbers refer to nerves at risk

(4) Total numbers refer to nerves at risk
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Analysis 1.3. Comparison 1 Intraoperative neuromonitoring versus visual nerve identification only,

Outcome 3 Adverse events other than RILN palsy.

Review: Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing thyroid surgery

Comparison: 1 Intraoperative neuromonitoring versus visual nerve identification only

Outcome: 3 Adverse events other than RILN palsy

Study or subgroup

Intraoperative
neuromonitor-

ing
Visual nerve
identification Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Sari 2010 11/122 13/114 56.0 % 0.79 [ 0.37, 1.69 ]

Lee 2015 9/25 4/25 44.0 % 2.25 [ 0.80, 6.36 ]

Total (95% CI) 147 139 100.0 % 1.25 [ 0.45, 3.47 ]

Total events: 20 (Intraoperative neuromonitoring), 17 (Visual nerve identification)

Heterogeneity: Tau2 = 0.33; Chi2 = 2.53, df = 1 (P = 0.11); I2 =61%

Test for overall effect: Z = 0.43 (P = 0.66)

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours intraoperative neuromonitoring Favours visual nerve identification
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Analysis 1.4. Comparison 1 Intraoperative neuromonitoring versus visual nerve identification only,

Outcome 4 Operative time.

Review: Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing thyroid surgery

Comparison: 1 Intraoperative neuromonitoring versus visual nerve identification only

Outcome: 4 Operative time

Study or subgroup

Intraoperative
neuromonitor-

ing
Visual nerve
identification

Mean
Difference Weight

Mean
Difference

N Mean(SD)[min] N Mean(SD)[min] IV,Random,95% CI IV,Random,95% CI

Barczynski 2009 500 104.8 (26.7) 500 95.7 (24.7) 32.4 % 9.10 [ 5.91, 12.29 ]

Sari 2010 123 65.4 (31) 114 79.1 (30) 28.2 % -13.70 [ -21.47, -5.93 ]

Barczynski 2012 100 84.8 (16.9) 101 82.4 (18.2) 31.2 % 2.40 [ -2.45, 7.25 ]

Lee 2015 25 266.4 (67.26) 25 274.2 (44.45) 8.2 % -7.80 [ -39.40, 23.80 ]

Total (95% CI) 748 740 100.0 % -0.80 [ -11.22, 9.62 ]

Heterogeneity: Tau2 = 84.52; Chi2 = 30.33, df = 3 (P<0.00001); I2 =90%

Test for overall effect: Z = 0.15 (P = 0.88)

Test for subgroup differences: Not applicable

-50 -25 0 25 50

Favours intraoperative neuromonitoring Favours visual nerve identification

50Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing

thyroid surgery (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Analysis 1.5. Comparison 1 Intraoperative neuromonitoring versus visual nerve identification only,

Outcome 5 All-cause mortality.

Review: Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing thyroid surgery

Comparison: 1 Intraoperative neuromonitoring versus visual nerve identification only

Outcome: 5 All-cause mortality

Study or subgroup

Intraoperative
neuromonitor-

ing
Visual nerve
identification Risk Ratio Weight Risk Ratio

n/N n/N

M-
H,Random,95%

CI

M-
H,Random,95%

CI

Barczynski 2009 0/500 0/500 Not estimable

Sari 2010 0/123 0/114 Not estimable

Barczynski 2012 0/100 0/101 Not estimable

Total (95% CI) 723 715 Not estimable

Total events: 0 (Intraoperative neuromonitoring), 0 (Visual nerve identification)

Heterogeneity: not applicable

Test for overall effect: not applicable

Test for subgroup differences: Not applicable

0.01 0.1 1 10 100

Favours intraoperative neuromonitoring Favours visual nerve identification

A D D I T I O N A L T A B L E S

Table 1. Overview of trial populations

Trial ID

(design)

Interven-

tion(s) and

comparator

(s)

De-

scription of

power and

sample size

calculation

Screened/

eligible

(N)

Ran-

domised

(N)

Analysed

(N)

Finishing

trial

(N)

Ran-

domised

finishing

trial

(%)

Follow-up

Hei 2016a

(parallel

RCT)

I: RILN vi-

sual-

isation with

neuromoni-

toring

“Our study

had

some limita-

tions. First,

this was

a small sam-

ple study. To

draw more

persuasive

conclusions,

at least 434

- 33 33 33 100 6 months

51Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing

thyroid surgery (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Table 1. Overview of trial populations (Continued)

RLNs in

each group

are needed

to evalu-

ate RLN in-

jury reduc-

tion from

10% to 5%

with a power

of 80% and

P = .05”

C: RILN vi-

sualisation

alone

37 37 37 100

total: 70 70 70 100

Lee 2015

(parallel

RCT)

I: RILN vi-

sual-

isation with

neuromoni-

toring

“The sample

size was esti-

mated based

on the prin-

ciple of de-

tecting a dif-

ference of -

10 units for

VRP and of

-5 for VHI

between the

mean of the

IONM and

non-IONM

groups with

a 90% prob-

ability at P

< .05, using

power curve

and sample

size tools for

one-

way analysis

of variance”

- 25 25 25 100 12 months

C: RILN vi-

sualisation

alone

25 25 25 100

total: 50 50 50 100

Barczynski

2012

(parallel

RCT)

I: RILN vi-

sual-

isation with

neuromoni-

toring

“The sample

size was esti-

mated based

on the prin-

ciple of de-

tecting a 5

% difference

in the inci-

dence of pri-

mary or sec-

ondary out-

517 105 105 100 95.2 6 months
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Table 1. Overview of trial populations (Continued)

come mea-

sures with a

90 % proba-

bility at P <

0.05”

C: RILN vi-

sualisation

alone

105 105 101 96.2

total: 210 210 201 95.7

Sari 2010

(parallel

RCT)

I: RILN vi-

sual-

isation with

neuromoni-

toring

- 254 123 -a -a -a 12 months

C: RILN vi-

sualisation

alone

114 -a -a -a

total: 236 -a -a -a

Barczynski

2009

(parallel

RCT)

I: RILN vi-

sual-

isation with

neuromoni-

toring

“The sample

size was esti-

mated based

on the prin-

ciple of de-

tecting a 2

per cent dif-

fer-

ence in the

incidence of

transient

RLN injury

with a 90 per

cent proba-

bility at P <

0·050”

1488 500 500 500 100 12 months

C: RILN vi-

sualisation

alone

500 500 500 100

total: 1000

Grand total All inter-

ventions

781

All com-

parators

777

All inter-

ventions

1558
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Table 1. Overview of trial populations (Continued)

and com-

parators

- denotes not reported.
aTrial authors did not report the number of participants but the number of nerves

C: comparator; I: intervention; RCT: randomised controlled trial; RILN: recurrent inferior laryngeal nerve

Table 2. Overview of published meta-analyses on intraoperative neuromonitoring versus visual nerve identification only

Author and year

of publication

Number of tri-

als included

RCTs

included in cur-

rent review and

other published

meta-analyses

Quasi-RCTs in-

cluded in

other published

meta-analyses

Number of

nerves at risk

Permanent

RILN palsy

Transient RILN

palsy

Bai 2018 34 Sari 2010

Barczynski 2009

Dionigi 2009 58,247 RD −0.0026

(95% CI

−0.0039 to −0.

0012)

RR 0.71 (95%

CI

0.57 to 0.88)

Yang 2017 24 Hei 2016a

Sari 2010

Barczynski 2009

Dionigi 2009 17,203 OR 0.78 (95%

CI

0.55 to 1.09)

OR 0.76 (95%

CI

0.61 to 0.94)

Wong 2017 10a None None 10,615 OR 1.33 (95%

CI

0.94 to 1.88)

OR 1.47 (95%

CI

1.07 to 2.00)

Sun 2017 9b None None 2436 RR 0.426 (95%

CI

0.196 to 0.925)

RR 0.607 (95%

CI

0.270 to 1.366)

Lombardi 2016 4c Barczynski 2012

Sari 2010

Barczynski 2009

Dionigi 2009 1465d RD 0.00 (95%

CI

0.01 to 0.00)

NR

Lombardi 2016 10e None None 38,820 RR 0.79 (95%

CI

0.61to 1.01)

NR

Malik 2016 17 Barczynski 2009 None 44,575 NR NR

Rulli 2014 8 Barczynski 2009 Dionigi 2009 5257 RR 0.73 (95%

CI

0.44 to 1.23)

RR 0.73 (95%

CI

0.54 to 0.98)
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Table 2. Overview of published meta-analyses on intraoperative neuromonitoring versus visual nerve identification only

(Continued)

Pisanu 2014 20 Barczynski 2012

Sari 2010

Barczynski 2009

Dionigi 2009 35,513 OR 0.884 (95%

CI

0.687 to 1.136)

OR 0.946 (95%

CI

0.817 to 1.096)

Sanabria 2013 6 Barczynski 2012

Sari 2010

Barczynski 2009

Dionigi 2009 3064 RD 0 (95% CI

-1 to 0)

RD −2 (95% CI

−5.1 to 1)

Zheng 2013 14 Sari 2010

Barczynski 2009

None 36,487 OR 0.74 (95%

CI

0.59 to 0.92)

OR 0.80 (95%

CI

0.65 to 0.99)

aHigh-risk thyroidectomy (reoperation, thyroidectomy for malignancy, thyrotoxicosis or retrosternal goitre)
bThyroid re-operations
cOnly RCTs
dParticipants
eOnly non-RCTs

CI: confidence interval; EBSLN: external branch of superior laryngeal; N: number; NAR: nerves at risk; NR: not reported; OR: odds

ratio; RCT: randomized controlled trial; RD: risk difference; RILN: recurrent inferior laryngeal nerve; RR: risk ratio

A P P E N D I C E S

Appendix 1. Search strategies

MEDLINE (OvidSP)

1. Recurrent Laryngeal Nerve Injuries/

2. Vocal Cord Paralysis/

3. Recurrent Laryngeal Nerve/

4. Intraoperative Complications/

5. ((vocal or laryngeal) adj3 (nerve? or pals* or paralys* or injur*)).tw

6. rln.tw.

7. or/1-6

8. exp Monitoring, Intraoperative/

9. Electromyography/

10. monitor*.tw.

11. neuromonitor*.tw.

12. (ionm or rlnm).tw.

13. electromyogra*.tw.

14. or/8-13

15. Thyroidectomy/
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(Continued)

16. Thyroid Diseases/su

17. exp Thyroid Neoplasms/su

18. Thyroid Gland/su

19. ((parathyroid or thyroid) adj3 (surg* or dissect* or resect* or cancer or neoplasm? or operat* or malign*)).tw

20. thyroidectom*.tw.

21. or/15-20

22. 7 and 14 and 21

[23-33: Cochrane Handbook 2008 RCT filter - sensitivity maximizing version]
23. randomized controlled trial.pt.

24. controlled clinical trial.pt.

25. randomi?ed.ab.

26. placebo.ab.

27. drug therapy.fs.

28. randomly.ab.

29. trial.ab.

30. groups.ab.

31. or/23-30

32. exp animals/ not humans/

33. 31 not 32

34. 22 and 33

[35: Wong 2006a- systematic reviews filter - SensSpec version]
35. meta analysis.mp,pt. or review.pt. or search*.tw.

36. 22 and 35

37. 34 or 36

Embase (Ovid SP)

1. recurrent laryngeal nerve injury/

2. recurrent laryngeal nerve palsy/

3. recurrent laryngeal nerve/

4. vocal cord paralysis/

5. peroperative complication/

6. ((vocal or laryngeal) adj3 (nerve? or pals* or paralys* or injur*)).tw

7. rln.tw.

8. or/1-7

9. neurophysiological monitoring/

10. neuromonitoring/

11. electromyography/

12. monitor*.tw.

13. neuromonitor*.tw.

14. (ionm or rlnm).tw.

15. electromyogra*.tw.

16. or/9-15

17. exp thyroid surgery/

18. ((parathyroid or thyroid) adj3 (surg* or dissect* or resect* or cancer or neoplasm? or operat* or malign*)).tw

19. thyroidectom*.tw.

20. or/17-19

21. 8 and 16 and 20

[22: Wong 2006b“sound treatment studies” filter - BS version]
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(Continued)

22. random*.tw. or clinical trial*.mp. or exp health care quality/

23. 21 and 22

Cochrane Central Register of Controlled Trials (Cochrane Register of Studies Online)

1. MESH DESCRIPTOR Recurrent Laryngeal Nerve Injuries

2. MESH DESCRIPTOR Vocal Cord Paralysis

3. MESH DESCRIPTOR Recurrent Laryngeal Nerve

4. MESH DESCRIPTOR Intraoperative Complications

5. ((vocal or laryngeal) ADJ3 (nerve? or pals* or paralys* or injur*)):TI,AB,KY

6. rln:TI,AB,KY

7. #1 OR #2 OR #3 OR #4 OR #5 OR #6

8. MESH DESCRIPTOR Monitoring, Intraoperative EXPLODE ALL TREES

9. MESH DESCRIPTOR Electromyography

10. monitor*:TI,AB,KY

11. neuromonitor*:TI,AB,KY

12. (ionm or rlnm):TI,AB,KY

13. electromyogra*:TI,AB,KY

14. #8 OR #9 OR #10 OR #11 OR #12 OR #13

15. MESH DESCRIPTOR Thyroidectomy

16. MESH DESCRIPTOR Thyroid Diseases WITH QUALIFIERS SU

17. MESH DESCRIPTOR Thyroid Neoplasms EXPLODE ALL TREES WITH QUALIFIERS SU

18. MESH DESCRIPTOR Thyroid Gland WITH QUALIFIERS SU

19. ((parathyroid or thyroid) ADJ3 (surg* or dissect* or resect* or cancer or neoplasm? or operat* or malign*)):TI,AB,KY

20. thyroidectom*:TI,AB,KY

21. #15 OR #16 OR #17 OR #18 OR #19 OR #20

22. #7 AND #14 AND #21

WHO ICTRP Search Portal (Standard search)

laryin* AND neuromonitor* OR

vocal AND neuromonitor* OR

rln AND neuromonitor* OR

laryin* AND monitor* OR

vocal AND monitor* OR

rln AND monitor* OR

laryin* AND electromyograph* OR

vocal AND electromyograph* OR

rln AND electromyograph* OR

ionm OR

rlnm

ClinicalTrials.gov (Basic search)

(laryngeal OR vocal OR RLN OR complication OR complications) AND (monitor OR neuromonitor OR monitoring OR neu-

romonitoring OR electromyography OR electromyographic OR IONM OR RLNM) AND (thyroid OR parathyroid OR thyroidec-

tomy)

57Intraoperative neuromonitoring versus visual nerve identification for prevention of recurrent laryngeal nerve injury in adults undergoing

thyroid surgery (Review)

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Appendix 2. Assessment of risk of bias

’Risk of bias’ domains

Random sequence generation (selection bias due to inadequate generation of a randomised sequence)

For each included trial, we described the method used to generate the allocation sequence in sufficient detail to allow an assessment

of whether it should produce comparable groups

• Low risk of bias: the trial authors achieved sequence generation using computer-generated random numbers or a random

numbers table. Drawing of lots, tossing a coin, shuffling cards or envelopes, and throwing dice are adequate if an independent

person performed this who was not otherwise involved in the trial. We considered the use of the minimisation technique as

equivalent to being random.

• Unclear risk of bias: insufficient information about the sequence generation process.

• High risk of bias: the sequence generation method was non-random or quasi-random (e.g. sequence generated by odd or even

date of birth; sequence generated by some rule based on date (or day) of admission; sequence generated by some rule based on

hospital or clinic record number; allocation by judgment of the clinician; allocation by preference of the participant; allocation

based on the results of a laboratory test or a series of tests; or allocation by availability of the intervention).

Allocation concealment (selection bias due to inadequate concealment of allocation prior to assignment)

We described for each included trial the method used to conceal allocation to interventions prior to assignment and we assessed

whether intervention allocation could have been foreseen in advance of or during recruitment, or changed after assignment

• Low risk of bias: central allocation (including telephone, interactive voice-recorder, web-based and pharmacy-controlled

randomisation); sequentially numbered drug containers of identical appearance; sequentially numbered, opaque, sealed envelopes.

• Unclear risk of bias: insufficient information about the allocation concealment.

• High risk of bias: used an open random allocation schedule (e.g. a list of random numbers); assignment envelopes used without

appropriate safeguards; alternation or rotation; date of birth; case record number; any other explicitly unconcealed procedure.

We also evaluated trial baseline data to incorporate assessment of baseline imbalance into the ’Risk of bias’ judgment for selection bias

(Corbett 2014; Egbewale 2014; Riley 2013). Chance imbalances may also affect judgments on the risk of attrition bias. In the case

of unadjusted analyses, we distinguished between trials that we rated as being at low risk of bias on the basis of both randomisation

methods and baseline similarity, and trials that we judged as being at low risk of bias on the basis of baseline similarity alone (Corbett

2014). We will reclassify judgements of unclear, low or high risk of selection bias as specified in Appendix 5.

Blinding of participants and study personnel (performance bias due to knowledge of the allocated interventions by participants

and personnel during the trial)

We evaluated the risk of detection bias separately for each outcome (Hróbjartsson 2013). We noted whether endpoints were self-

reported, investigator-assessed or adjudicated outcome measures (see below)

• Low risk of bias: blinding of participants and key study personnel was ensured, and it was unlikely that the blinding could have

been broken; no blinding or incomplete blinding, but we judged that the outcome was unlikely to have been influenced by lack of

blinding.

• Unclear risk of bias: insufficient information about the blinding of participants and study personnel; the trial does not address

this outcome.

• High risk of bias: no blinding or incomplete blinding, and the outcome was likely to have been influenced by lack of blinding;

blinding of trial participants and key personnel attempted, but likely that the blinding could have been broken, and the outcome

was likely to be influenced by lack of blinding.

Blinding of outcome assessment (detection bias due to knowledge of the allocated interventions by outcome assessment

We evaluated the risk of detection bias separately for each outcome (Hróbjartsson 2013). We noted whether endpoints were self-

reported, investigator-assessed or adjudicated outcome measures (see below)

• Low risk of bias: blinding of outcome assessment is ensured, and it was unlikely that the blinding could have been broken; no

blinding of outcome assessment, but we judged that the outcome measurement was unlikely to have been influenced by lack of

blinding.

• Unclear risk of bias: insufficient information about the blinding of outcome assessors; the trial did not address this outcome.

• High risk of bias: no blinding of outcome assessment, and the outcome measurement was likely to have been influenced by

lack of blinding; blinding of outcome assessment, but likely that the blinding could have been broken, and the outcome
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(Continued)

measurement was likely to be influenced by lack of blinding.

Incomplete outcome data (attrition bias due to amount, nature or handling of incomplete outcome data)

For each included trial and/or each outcome, we described the completeness of data, including attrition and exclusions from the

analyses. We stated whether the trial reported attrition and exclusions, and report the number of participants included in the analysis

at each stage (compared with the number of randomised participants per intervention/comparator groups). We also noted if the trial

reported the reasons for attrition or exclusion and whether missing data were balanced across groups or were related to outcomes. We

considered the implications of missing outcome data per outcome such as high dropout rates (e.g. above 15%) or disparate attrition

rates (e.g. difference of 10% or more between trial arms)

• Low risk of bias: no missing outcome data; reasons for missing outcome data unlikely to be related to true outcome (for survival

data, censoring unlikely to introduce bias); missing outcome data balanced in numbers across intervention groups, with similar

reasons for missing data across groups; for dichotomous outcome data, the proportion of missing outcomes compared with observed

event risk was not enough to have a clinically relevant impact on the intervention effect estimate; for continuous outcome data,

plausible effect size (mean difference or standardised mean difference) among missing outcomes was not enough to have a clinically

relevant impact on observed effect size; appropriate methods, such as multiple imputation, were used to handle missing data.

• Unclear risk of bias: insufficient information to assess whether missing data in combination with the method used to handle

missing data were likely to induce bias; the trial did not address this outcome.

• High risk of bias: reason for missing outcome data was likely to be related to true outcome, with either imbalance in numbers

or reasons for missing data across intervention groups; for dichotomous outcome data, the proportion of missing outcomes

compared with observed event risk enough to induce clinically relevant bias in the intervention effect estimate; for continuous

outcome data, plausible effect size (mean difference or standardised mean difference) among missing outcomes enough to induce

clinically-relevant bias in observed effect size; ’as-treated’ or similar analysis done with substantial departure of the intervention

received from that assigned at randomisation; potentially inappropriate application of simple imputation.

Selective reporting (reporting bias due to selective outcome reporting)

We assessed outcome reporting bias by integrating the results of the appendix ’Matrix of trial endpoints (publications and trial

documents)’ (Boutron 2014; Jones 2015; Mathieu 2009), with those of the appendix ’High risk of outcome reporting bias according

to the Outcome Reporting Bias In Trials (ORBIT) classification’ (Kirkham 2010). This analysis formed the basis for the judgement

of selective reporting

• Low risk of bias: the trial protocol was available and all the trial’s prespecified (primary and secondary) outcomes that were of

interest to this review were reported in the prespecified way; the study protocol was unavailable, but it was clear that the published

reports included all expected outcomes (ORBIT classification).

• Unclear risk of bias: insufficient information about selective reporting.

• High risk of bias: not all the trial’s prespecified primary outcomes were reported; one or more primary outcomes were reported

using measurements, analysis methods or subsets of the data (e.g. subscales) that were not prespecified; one or more reported

primary outcomes were not prespecified (unless clear justification for their reporting was provided, such as an unexpected adverse

effect); one or more outcomes of interest in the Cochrane Review were reported incompletely so that we could not enter them in a

meta-analysis; the trial report failed to include results for a key outcome that we would expect to have been reported for such a trial

(ORBIT classification).

Other bias

• Low risk of bias: the trial appears to be free from other sources of bias.

• Unclear risk of bias: there was insufficient information to assess whether an important risk of bias existed; insufficient rationale

or evidence that an identified problem introduced bias.

• High risk of bias: the trial had a potential source of bias related to the specific trial design used; the trial was claimed to be

fraudulent; or the trial had some other serious problem.
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Appendix 3. Selection bias decisions

Selection bias decisions for trials reporting unadjusted analyses: comparison of results obtained using method details alone

with results using method details and trial baseline informationa

Reported randomisation and

allocation concealment meth-

ods

’Risk of bias’ judgement using

methods reporting

Information gained from

study characteristics data

’Risk of bias’ judgement us-

ing baseline information and

methods reporting

Unclear methods Unclear risk Baseline imbalances present for

important prognostic variable

(s)

High risk

Groups appear similar at base-

line for all important prognos-

tic variables

Low risk

Limited or no baseline details Unclear risk

Would generate a truly random

sample, with robust allocation

concealment

Low risk Baseline imbalances present for

important prognostic variable

(s)

Unclear riskc

Groups appear similar at base-

line for all important prognos-

tic variables

Low risk

Limited baseline details, show-

ing balance in some important

prognostic variablesb

Low risk

No baseline details Unclear risk

Sequence is not truly random,

or allocation concealment is in-

adequate

High risk Baseline imbalances present for

important prognostic variable

(s)

High risk

Groups appear similar at base-

line for all important prognos-

tic variables

Low risk

Limited baseline details, show-

ing balance in some important

prognostic variablesb

Unclear risk

No baseline details High risk

aTaken from Corbett 2014; judgements highlighted in bold indicate situations in which the addition of baseline assessments would

change the judgement about risk of selection bias, compared with using methods reporting alone.
bDetails for the remaining important prognostic variables not reported.
cImbalance identified, which appears likely to be due to chance
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Appendix 4. Description of interventions

Trial ID Intervention Comparator

Hei 2016a RILN visualisation + IONM RILN visualisation

Lee 2015 RILN visualisation + IONM RILN visualisation

Barczynski 2012 RILN visualisation + IONM RILN visualisation

Sari 2010 RILN visualisation + IONM RILN visualisation

Barczynski 2009 RILN visualisation + IONM RILN visualisation

IONM: intraoperative nerve monitoring; RILN: recurrent inferior laryngeal nerve

Appendix 5. Baseline characteristics (I)

Trial ID Inter-

vention and

comparator

Duration of

follow-up

Descrip-

tion of par-

ticipants

Trial period

(year to

year)

Country Setting Ethnic groups

(%)

Duration

of thyroid dis-

ease

Hei 2016a I: RILN vi-

sualisation +

IONM

6 months Partic-

ipants with

thyroid neo-

plastic (pap-

illary, follic-

ular and

medullary

carcinoma)

(77%)

or nontoxic

nodular

goitre recur-

rence (23%)

after thy-

roidectomy

January

2012 to Au-

gust 2014

China Inpatient Asian (100) -

C: RILN vi-

sualisation

Asian (100) -

Lee 2015 I: RILN vi-

sualisation +

IONM

12 months Participants

with papil-

lary thyroid

carcinoma

(100%)

March 2011

to Septem-

ber 2012

Korea Inpatient Asian (100) -
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(Continued)

C: RILN vi-

sualisation

Asian (100) -

Barczynski

2012

I: RILN vi-

sualisation +

IONM

6 months Participants

with Graves’

disease (5%)

, thyroid car-

cinoma

(12%), toxic

(15%) and

non-

toxic (68%)

nodular

goitre

September

2009 to June

2010

Poland Inpatient White (100) -

C: RILN vi-

sualisation

White (100) -

Sari 2010 I: RILN vi-

sualisation +

IONM

12 months Participants

with Graves’

disease (9%)

, toxic ade-

noma (6%),

solitary ade-

noma (14%)

, thyroid car-

cinoma

(17%), toxic

(14%) and

non-

toxic (39%)

multinodu-

lar goitre

Septem-

ber 2007 to

September

2009

Turkey Inpatient White (100) -

C: RILN vi-

sualisation

White (100) -

Barczynski

2009

I: RILN vi-

sualisation +

IONM

12 months Participants

with Graves’

disease (6%)

, thyroid car-

ci-

noma (12%)

, thyroiditis

(2%), toxic

(10%) and

nontoxic

nodular

goitre (70%)

Jan-

uary 2006 to

June 2007

Poland Inpatient White (100) -

C: RILN vi-

sualisation

White (100) -

- denotes not reported

C: comparator; I: intervention; IONM: intraoperative nerve monitoring; RILN: recurrent inferior laryngeal nerve
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Appendix 6. Baseline characteristics (II)

Trial ID Inter-

vention and

comparator

Sex

(female %)

Age

(mean/

range years

(SD))

BMI

(mean kg/

m² (SD))

Type of thy-

roidectomy

(%)

Experience

in thyroid

surgery

Comedica-

tions/co-in-

terventions

(% of par-

ticipants)

Comor-

bidities

(% of par-

ticipants)

Hei 2016a I: RILN vi-

sualisation +

IONM

70 48.3 (9.1) - Thy-

roid reoper-

ation (100)

“1 expe-

rienced thy-

roid surgeon

who had

more than

20 years’ ex-

perience

with thy-

roidectomy”

Extended

central neck

compart-

ment dissec-

tion (94)

-

C: RILN vi-

sualisation

84 46.8 (10.6) - Thy-

roid reoper-

ation (100)

Extended

central neck

compart-

ment dissec-

tion (94)

-

Lee 2015 I: RILN vi-

sualisation +

IONM

92 44.2 (11.9) - Robotic thy-

roidec-

tomy using

the bilateral

axillo-breast

approach

(100)

“The same

surgeon

with more

than 10

years of ex-

perience in

robotic

surgery”

- -

C: RILN vi-

sualisation

76 41.7 (9.0) - Robotic thy-

roidec-

tomy using

the bilateral

axillo-breast

approach

(100)

- -

Barczynski

2012

I: RILN vi-

sualisation +

IONM

100 50.3 (15.3) - Total thy-

roidectomy

(100)

“Three

expe-

rienced en-

docrine sur-

geons”

Central

neck

compart-

ment dissec-

tion (13)

-

C: RILN vi-

sualisation

100 49.7 (14.1) - Total thy-

roidectomy

(100)

Central

neck

compart-

ment dissec-

tion (13)

-
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(Continued)

Sari 2010 I: RILN vi-

sualisation +

IONM

85 47.2 (14) 26.9 (3) Total thy-

roidectomy

(19), lobec-

tomy (81)

“The same

surgeons in

all patients”

- -

C: RILN vi-

sualisation

80 48.3 (12) 27.3 (3) Total thy-

roidectomy

(23), lobec-

tomy (77)

- .

Barczynski

2009

I: RILN vi-

sualisation +

IONM

76 51.3 (14.4) - Total

thyroidec-

tomy (76),

Dunhill op-

eration (19),

bilateral

subtotal thy-

roidectomy

(5)

“Three

expe-

rienced en-

docrine sur-

geons”

Central

neck com-

partment

dissection

(12), lateral

neck dissec-

tion (3)

-

C: RILN vi-

sualisation

76 51.9 (14.7) - Total

thyroidec-

tomy (74),

Dunhill op-

eration (20),

bilateral

subtotal thy-

roidectomy

(6)

Central

neck com-

partment

dissection

(12), lateral

neck dissec-

tion (2)

-

- denotes not reported

C: comparator; Dunhill operation: unilateral thyroid lobectomy and contralateral subtotal thyroid resection; I: intervention; IONM:

intraoperative nerve monitoring; RILN: recurrent inferior laryngeal nerve; SD: standard deviation

Appendix 7. Matrix of trial endpoints (publications and trial documents)

Trial ID Endpoints quoted in

trial document(s)

(Clini-

calTrials.gov, FDA/EMA

document, man-

ufacturer’s website, pub-

lished design paper)a

Trial results available in

trial register

Endpoints quoted in

publication(s)b,c

Endpoints quoted in ab-

stract of publication(s)
b,c
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(Continued)

Hei 2016a N/T Primary outcome mea-

sures: temporary and per-

manent RILN paralysis

Primary outcome mea-

sures: temporary and per-

manent RILN paralysis

Secondary outcome

measure: -

Secondary outcome

measure: -

Other outcome measure:

-

Other outcome measure:

-

Lee 2015 N/T Primary outcome mea-

sures: transient or perma-

nent laryngeal nerve le-

sions; the Voice Handicap

Index and the Voice Range

Profile

Primary outcome mea-

sures: transient or perma-

nent laryngeal nerve le-

sions, the Voice Handicap

Index and the Voice Range

Profile

Secondary outcome

measure: -

Secondary outcome

measure: -

Other outcome measure:

-

Other outcome measure:

-

Barczynski 2012 Source: NCT01395134

Primary outcome mea-

sure: identification rate of

the EBSLN

Yes (last verified: 1 March

2017)

Primary outcome mea-

sure: identification rate of

the EBSLN

Primary outcome mea-

sure: identification rate of

the EBSLN

Secondary out-

come measures: anatom-

ical variability of the ex-

ternal branch of the su-

perior laryngeal nerve ac-

cording to Cernea classi-

fication, incidence of EB-

SLN and RILN injuries

assessed by videostrobo-

laryngoscopy

(transient and permanent)

, changes in postoperative

voice performance (pre-

and postoperative assess-

ment): analysis of max-

imum phonation time,

voice level, fundamental

frequency and voice qual-

ity rating on GRBAS scale

Secondary outcome

measure: incidence of EB-

SLN and RILN injuries

assessed by videostrobo-

laryngoscopy (transient,

permanent and overall);

changes in postoperative

voice performance (pre-

and postoperative assess-

ment): analysis of max-

imum phonation time,

voice level, fundamental

frequency and voice qual-

ity rating on GRBAS scale

Secondary out-

come measures: transient

RILN injuries; changes in

postoperative voice per-

formance: analysis of max-

imum phonation time,

voice level, fundamental

frequency and voice qual-

ity rating on GRBAS scale

Other outcome measure:

-

Other outcome measure:

-

Other outcome measure:

-
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(Continued)

History of changes: 2 documented changes; last change 14 July 2011

Sari 2010 N/T Primary outcome mea-

sures: identification time

of RILN, operating time,

persistent and transient

RILN, persistent and tran-

sient hypoparathyroidism

Primary

outcome measures: iden-

tification time of RILN,

operating time, postoper-

ative complications

Secondary outcome

measure: -

Secondary outcome

measure: -

Other outcome measure:

-

Other outcome measure:

-

Barczynski 2009 Source: NCT00661024

Primary outcome mea-

sure: incidence of the re-

current laryngeal nerve in-

jury (evaluated on 2nd

postoperative day and at

1, 2, 4, 6 and 12 months

postoperatively, if paresis

was noted on first exami-

nation)

Yes (last verified: 1 March

2017)

Primary outcome mea-

sure: transient and perma-

nent RILN injuries

Primary outcome mea-

sure: transient and perma-

nent RILN injuries

Secondary outcome

measures: IONM-added

value to RILN identifica-

tion, the value of IONM

in prediction of postoper-

ative vocal cords function

(intraoperative data com-

pared with observation of

vocal cords function post-

operatively on the 2nd

postoperative day)

Secondary out-

come measures: IONM-

added value to RILN iden-

tification, value of IONM

in prediction of postoper-

ative vocal cords function

Secondary outcome

measure: -

Other outcome measure:

-

Other out-

come measures: technical

problems and intraopera-

tive complications related

to IONM

Other outcome measure:

-

History of changes: 2 documented changes; last change 17 April 2008

- denotes not reported
aTrial document(s) refers to all available information from published design papers and sources other than regular publications (e.g.

FDA/EMA documents, manufacturer’s websites, trials registers).
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bPublication(s) refers to trial information published in scientific journals (primary reference, duplicate publications, companion

documents or multiple reports of a primary trial).
cPrimary and secondary outcomes refer to verbatim specifications in publication/records. Other outcome measures refer to all outcomes

not specified as primary or secondary outcome measures

EMA: European Medicines Agency; EBSLN: external branch of the superior laryngeal nerve; FDA: Food and Drug Administration

(US); GRBAS: grade, roughness, breathiness, asthenia, strain; IONM: intraoperative nerve monitoring; N/T: no trial document

available; RILN: recurrent inferior laryngeal nerve

Appendix 8. High risk of outcome reporting bias according to ORBIT classification

Trial ID Outcome High risk of bias

(category A)a
High risk of bias

(category D)b
High risk of bias

(category E)c
High risk of bias

(category G)d

Hei 2016a N/A

Lee 2015 N/A

Barczynski 2012 N/A

Sari 2010 N/A

Barczynski 2009 N/A

aClear that outcome was measured and analysed; trial report states that outcome was analysed but reports only that result was not

significant (Classification ’A’, table 2, Kirkham 2010).
bClear that outcome was measured and analysed; trial report states that outcome was analysed but report no results (Classification

’D’, table 2, Kirkham 2010).
cClear that outcome was measured but was not necessarily analysed; judgement says likely to have been analysed but not reported

because of non-significant results (Classification ’E’, table 2, Kirkham 2010).
dUnclear whether outcome was measured; not mentioned, but clinical judgement says likely to have been measured and analysed but

not reported on the basis of non-significant results (Classification ’G’, table 2, Kirkham 2010).

N/A: not applicable; ORBIT: Outcome Reporting Bias In Trials

Appendix 9. Definition of endpoint measurement (I)a

Trial ID All-cause mor-

tality

Operative time Transient RILN

palsy

Health-related

quality of life

Permanent

RILN palsy

Socioeconomic

effects

Hei 2016a N/R N/R ”If RILN paraly-

sis

occurred, laryn-

goscopy was car-

N/R Dysfunction was

defined as no re-

covery of func-

tion during the

N/R
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(Continued)

ried out rou-

tinely at 1, 3, and

6 months after

operation and at

the time that the

patients felt that

their voice obvi-

ously improved“

(IO)

first 6 months af-

ter thyroid reop-

eration (IO)

Lee 2015 N/R N/D ”VHI, VRP, and

laryngoscopy

were used to test

voice

function before

surgery and at 2

weeks, 3 months,

and 6 months

after the opera-

tion“ (IO)

N/R RILN palsy was

considered

permanent if it

persisted for 12

months (IO)

N/R

Barczynski

2012

N/D The time

from skin inci-

sion to skin clo-

sure”(IO)

“VSL was per-

formed on day 1

postoperatively;

in case of ab-

normal findings,

reevaluation was

done at 3 and 6

months postop-

eratively” (IO)

N/R Vocal cord pare-

sis for 6 months

or more follow-

ing the operation

was regarded as

permanent palsy

(IO)

N/R

Sari 2010 N/D “The time

from skin prepa-

ration to closure

of the skin inci-

sions” (IO)

“In cases of dys-

phonia with vo-

cal cord injury,

indirect laryn-

goscopy was also

performed 1 and

6 months later”

(IO)

N/R “Persistent nerve

palsy was

defined as persis-

tent dysfunction

and clinical dys-

phonia

that lasted for 12

months postop-

eratively” (IO)

N/R

Barczynski

2009

N/D “The time from

skin inci-

sion to skin clo-

sure” (IO)

“Indirect

laryngoscopy by

a throat special-

ist was manda-

tory be-

fore surgery and

on day 2 after

surgery. In pa-

N/R “Vocal cord pare-

sis for more than

12

months after the

operation was re-

garded as perma-

nent palsy” (IO)

N/R
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(Continued)

tients with RILN

paresis, an addi-

tional examina-

tion was sched-

uled at 2 weeks

and 1, 2, 4, 6

and 12 months

after surgery, or

until the vocal

cord function re-

covered” (IO)

aIn addition to definition of endpoint measurement, description of who measured the outcome (AO: adjudicated outcome measure-

ment; IO: investigator-assessed outcome measurement; SO: self-reported outcome measurement)

N/D: not defined; N/R: not reported; RILN: recurrent inferior laryngeal nerve; VHI: Voice Handicap Index; VRP: Voice Range

Profile; VSL: videostrobolaryngoscopy

Appendix 10. Definition of endpoint measurement (II)a

Trial ID Adverse events other than permanent or transient

RILN palsy

Severe/serious

adverse events

Hei 2016a Transient hypoparathyroidism: N/R

Permanent hypoparathyroidism: N/R

N/R

Lee 2015 Transient hypoparathyroidism: N/D (IO)

Permanent hypoparathyroidism: N/D (IO)

N/R

Barczynski 2012 Transient hypoparathyroidism: N/R

Permanent hypoparathyroidism: N/R

N/R

Sari 2010 Transient hypoparathyroidism: N/D (IO)

Permanent hypoparathyroidism: N/D (IO)

N/R

Barczynski 2009 Transient hypoparathyroidism: N/R

Permanent hypoparathyroidism: N/R

N/R

aIn addition to definition of endpoint measurement, description who measured the outcome (AO: adjudicated outcome measurement;

IO: investigator-assessed outcome measurement; SO: self-reported outcome measurement)

N/D: not defined; N/R: not reported; RILN: recurrent inferior laryngeal nerve
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Appendix 11. Adverse events (I)

Trial ID Interven-

tion(s) and

comparator

(s)

Par-

ticipants in-

cluded in

analysis

(N)

Deaths

(N)

Deaths

(% of par-

ticipants)

Partici-

pants

with at least

one adverse

event

(N)

Partici-

pants

with at least

one adverse

event

(%)

Partic-

ipants with

at least one

severe/seri-

ous adverse

event

(N)

Partic-

ipants with

at least one

severe/seri-

ous adverse

event

(%)

Hei 2016a I: RILN vi-

sualisation +

IONM

33 - - - - - -

C: RILN vi-

sualisation

37 - - - - - -

Lee 2015 I: RILN vi-

sualisation +

IONM

25 - - 9 36 0 0

C: RILN vi-

sualisation

25 - - 4 12 0 0

Barczynski

2012

I: RILN vi-

sualisation +

IONM

100 0 0 - - - -

C: RILN vi-

sualisation

101 0 0 - - - -

Sari 2010 I: RILN vi-

sualisation +

IONM

122 0 0 11 11.1 - -

C: RILN vi-

sualisation

114 0 0 13 8.8 - -

Barczynski

2009

I: RILN vi-

sualisation +

IONM

500 0 0 - - - -

C: RILN vi-

sualisation

500 0 0 - - - -

- denotes not reported

C: comparator; I: intervention; IONM: intraoperative nerve monitoring; N: number of participants; RILN: recurrent inferior laryngeal

nerve
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Appendix 12. Adverse events (II)

Trial ID Intervention(s) and

comparator(s)

Participants included in

analysis

(N)

Participants discontinu-

ing trial due to an ad-

verse event

(N)

Participants discontinu-

ing trial due to an ad-

verse event

(%)

Hei 2016a I: RILN visualisation +

IONM

33 0 0

C: RILN visualisation 37 0 0

Lee 2015 I: RILN visualisation +

IONM

25 0 0

C: RILN visualisation 25 0 0

Barczynski 2012 I: RILN visualisation +

IONM

100 0 0

C: RILN visualisation 101 0 0

Sari 2010 I: RILN visualisation +

IONM

122 0 0

C: RILN visualisation 114 0 0

Barczynski 2009 I: RILN visualisation +

IONM

500 0 0

C: RILN visualisation 500 0 0

- denotes not reported

C: comparator; I: intervention; IONM: intraoperative nerve monitoring; RILN: recurrent inferior laryngeal nerve

Appendix 13. Adverse events (III)

Trial ID Intervention(s) and

comparator(s)

Participants in-

cluded in analysis

(N)

Participants with a

specific adverse

event

(description)

Participants with at

least one specific

adverse events

(N)

Participants with at

least one specific

adverse event

(%)

Hei 2016a I: RILN visualisa-

tion + IONM

33 (1) Permanent

RILN palsy

(2) Transient RILN

palsy

(1) 0

(2) 5

(1) 0

(2) 15.2
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C: RILN visualisa-

tion

37 (1) Permanent

RILN palsy

(2) Transient RILN

palsy

(1) 0

(2) 3

(1) 0

(2) 8.1

Lee 2015 I: RILN visualisa-

tion + IONM

25 (1) Permanent

RILN palsy

(2) Transient RILN

palsy

(3) Permanent hy-

poparathyroidism

(4) Transient hy-

poparathyroidism

(1) 0

(2) 0

(3) 0

(4) 9

(1) 0

(2) 0

(3) 0

(4) 36

C: RILN visualisa-

tion

25 (1) Permanent

RILN palsy

(2) Transient RILN

palsy

(3) Permanent hy-

poparathyroidism

(4) Transient hy-

poparathyroidism

(1) 0

(2) 0

(3) 0

(4) 4

(1) 0

(2) 0

(3) 0

(4) 12

Barczynski 2012 I: RILN visualisa-

tion + IONM

100 (1) Permanent

RILN palsy

(2) Transient RILN

palsy

(1) 0

(2) 3

(1) 0

(2) 3

C: RILN visualisa-

tion

101 (1) Permanent

RILN palsy

(2) Transient RILN

palsy

(1) 0

(2) 8

(1) 0

(2) 7.9

Sari 2010 I: RILN visualisa-

tion + IONM

122 (1) Permanent

RILN palsy

(2) Transient RILN

palsy

(3) Permanent hy-

poparathyroidism

(4) Transient hy-

poparathyroidism

(1) 0

(2) 3

(3) 0

(4) 11

(1) 0

(2) 2.5

(3) 0

(4) 11.1

C: RILN visualisa-

tion

114 (1) Permanent

RILN palsy

(2) Transient RILN

palsy

(3) Permanent hy-

poparathyroidism

(1) 0

(2) 3

(3) 0

(4) 13

(1) 0

(2) 2.6

(3) 0

(4) 8.8
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(4) Transient hy-

poparathyroidism

Barczynski 2009 I: RILN visualisa-

tion + IONM

500 (1) Permanent

RILN palsy

(2) Transient RILN

palsy

(1) 0

(2) 19

(1) 0

(2) 3.8

C: RILN visualisa-

tion

500 (1) Permanent

RILN palsy

(2) Transient RILN

palsy

(1) 0

(2) 38

(1) 0

(2) 7.6

- denotes not reported

C: comparator; I: intervention; IONM: intraoperative nerve monitoring; RILN: recurrent inferior laryngeal

nerve

Appendix 14. Survey of trial investigators providing information on included trials

Trial ID Date trial author contacted Date trial author replied

Hei 2016a 14 June 2017 and 18 January 2018 No answer

Lee 2015 14 June 2017 and 18 January 2018 No answer

Barczynski 2012 Co-author of this review

Sari 2010 14 June 2017 and 18 January 2018 No answer

Barczynski 2009 Co-author of this review

Appendix 15. Checklist to aid consistency and reproducibility of GRADE assessments

(1) Perma-

nent RILN

palsy

(2) Tran-

sient RILN

palsy

(3) Health-

re-

lated qual-

ity of life

(4) Adverse

events other

than

permanent

or transient

RILN palsy

(5) Opera-

tive time

(6) All-

cause mor-

tality

(7) Socioe-

conoic

effects
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Trial limita-

tions

(risk of

bias)a

Was random

sequence

genera-

tion used (i.

e. no poten-

tial for selec-

tion bias)?

Yes Yes N/A Yes Yes Yes N/A

Was allo-

cation con-

cealment

used (i.e. no

potential for

selection

bias)?

Unclear Unclear Unclear Unclear Unclear

Was

there blind-

ing of partic-

ipants and

personnel (i.

e. no poten-

tial for per-

for-

mance bias)

or outcome

not likely to

be in-

fluenced by

lack of

blinding?

No () No () Unclear No () Yes

Was there

blinding of

outcome as-

sessment (i.

e. no poten-

tial for de-

tection bias)

or was out-

come mea-

surement

not likely to

be in-

fluenced by

lack of

blinding?

Yes Unclear Unclear Unclear Yes
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Was an ob-

jective out-

come used?

Yes Yes Yes Yes Yes

Were more

than 80% of

par-

ticipants en-

rolled in tri-

als included

in the anal-

ysis (i.e. no

potential re-

porting bias)

?e

Yes Yes Yes Yes Yes

Were data

re-

ported con-

sistently for

the outcome

of interest (i.

e. no poten-

tial selective

reporting)?

Yes Yes Yes Yes Yes

No other bi-

ases

reported (i.

e. no poten-

tial of other

bias)?

Unclear Unclear Unclear Unclear Unclear

Did the tri-

als end up as

scheduled (i.

e.

not stopped

early)?

Yes Yes Yes Yes Yes

Inconsis-

tencyb

Point

estimates

did not vary

widely?

Yes Yes Yes Yes N/A

To what ex-

tent did con-

fidence in-

tervals over-

Substantial Substantial Substantial Substantial N/A
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lap (substan-

tial: all con-

fi-

dence inter-

vals overlap

at least one

of the in-

cluded stud-

ies point es-

timate;

some: confi-

dence inter-

vals overlap

but

not all over-

lap at least

one point es-

timate;

no: at least

one outlier:

where the

confi-

dence inter-

val of some

of the stud-

ies do not

overlap with

those

of most in-

cluded stud-

ies)?

Was the di-

rection of ef-

fect consis-

tent?

No () Yes No () No () N/A

What was

the magni-

tude of sta-

tistical het-

erogeneity

(as measured

by I²) - low

(I² < 40%),

moderate (I²

40%-60%)

, high I² >

60%)?

Low Low High () High () N/A
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Was the test

for hetero-

geneity sta-

tistically sig-

nificant (P <

0.1)?

Not statisti-

cally signifi-

cant

Not statisti-

cally signifi-

cant

Not statisti-

cally signifi-

cant

Statistically

significant ()

N/A

Indirect-

ness

Were

the popula-

tions in in-

cluded stud-

ies applica-

ble to the de-

cision con-

text?

Highly ap-

plicable

Highly ap-

plicable

Highly ap-

plicable

Highly ap-

plicable

Highly ap-

plicable

Were the in-

terventions

in the in-

cluded stud-

ies applica-

ble to the de-

cision con-

text?

Highly ap-

plicable

Highly ap-

plicable

Highly ap-

plicable

Highly ap-

plicable

Highly ap-

plicable

Was the in-

cluded out-

come not a

surrogate

outcome?

Yes Yes Yes Yes Yes

Was the out-

come time-

frame suffi-

cient?

Sufficient Sufficient Sufficient Sufficient Sufficient

Were the

conclusions

based on di-

rect compar-

isons?

Yes Yes Yes Yes Yes

Impreci-

sionc

Was the con-

fidence in-

terval for the

pooled

estimate not

consistent

with benefit

No () No () No () No () N/A
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and harm?

What is the

magnitude

of the me-

dian sample

size (high:

300 partici-

pants, inter-

me-

diate: 100-

300 partici-

pants, low: <

100 partici-

pants)?e

Intermedi-

ate

Intermedi-

ate

Intermedi-

ate

Intermedi-

ate

Intermedi-

ate

What

was the mag-

nitude

of the num-

ber of in-

cluded stud-

ies (large:

> 10 studies,

moderate: 5-

10 stud-

ies, small: <

5 studies)?e

Small () Small () Small () Small () Small ()

Was the out-

come a com-

mon event

(e.g.

occurs more

than 1/100)

?

No () Yes Yes N/A N/A

Publication

biasd
Was a com-

prehensive

search con-

ducted?

Yes Yes Yes Yes Yes

Was grey lit-

erature

searched?

Yes Yes Yes Yes Yes

Were no re-

strictions

applied to

Yes Yes Yes Yes Yes
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study selec-

tion on the

basis of lan-

guage?

There was

no industry

influence on

studies

included in

the review?

Yes Yes Yes Yes Yes

There

was no evi-

dence of

funnel plot

asymmetry?

N/A N/A N/A N/A N/A

There

was no dis-

crepancy in

findings be-

tween pub-

lished

and unpub-

lished trials?

N/A N/A N/A N/A N/A

aQuestions on risk of bias are answered in relation to the majority of the aggregated evidence in the meta-analysis rather than to

individual trials.
bQuestions on inconsistency are primarily based on visual assessment of forest plots and the statistical quantification of heterogeneity

based on I² statistic
cWhen judging the width of the confidence interval it is recommended to use a clinical decision threshold to assess whether the

imprecision is clinically meaningful.
dQuestions address comprehensiveness of the search strategy, industry influence, funnel plot asymmetry and discrepancies between

published and unpublished trials.
eDepends on the context of the systematic review area.

(): key item for potential downgrading the quality of the evidence (GRADE) as shown in the footnotes of the ’Summary of finding’

table(s); N/A: not applicable
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