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Abstract

Background Few studies in the literature have reported recovery data for different types of recurrent laryngeal

nerve injuries (RLNIs). This study is the first attempt to classify RLNIs and rank them by severity.

Methods This prospective clinical study analyzed 281 RLNIs in which a true loss of signal was identified by

intraoperative neuromonitoring (IONM), and vocal cord palsy (VCP) was confirmed by a postoperative laryngo-

scope. For each injury type, the prevalence of VCP, the time of VCP recovery, and physical changes on nerves were

analyzed. Additionally, different RLNI types were experimentally induced in a porcine model to compare mor-

phological change.

Results The overall VCP rate in at-risk patients/nerves was 8.9/4.6 %, respectively. The distribution of RLNI types,

in order of frequency, was traction (71 %), thermal (17 %), compression (4.2 %), clamping (3.4 %), ligature

entrapment (1.6 %), suction (1.4 %), and nerve transection (1.4 %). Complete recovery from VCP was documented

in 91 % of RLNIs. Recovery time was significantly faster in the traction group compared to the other groups

(p\ 0.001). The rates of temporary and permanent VCP were 98.6 and 1.4 % for traction lesion, 72 and 28 % for

thermal injury, 100 and 0 % for compression injury, 50 and 50 % for clamping injury, 100 and 0 % for ligature

entrapment, 100 and 0 % for suction injury, and 0 and 100 % for nerve transection, respectively. Physical changes

were noted in 14 % of RLNIs in which 56 % of VCP was permanent. However, among the remaining 86 % IONM-

detectable RLNIs without physical changes, only 1.2 % of VCP was permanent. A porcine model of traction lesion

showed only distorted outer nerve structure, whereas the thermal lesion showed severe damage in the inner

endoneurium.

Conclusions Different RNLIs induce different morphological alterations and have different recovery outcomes.

Permanent VCP is rare in lesions that are visually undetectable but detectable by IONM. By enabling early detection

of RLNI and prediction of outcome, IONM can help clinicians plan intra- and postoperative treatment.
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Introduction

The recurrent laryngeal nerve (RLN) is a branch of the

vagus nerve that supplies most of the intrinsic muscles of

the larynx. Recurrent laryngeal nerve injury (RLNI) is a

major cause of morbidity after thyroid and parathyroid

surgery [1]. Unilateral RLNI and vocal cord palsy (VCP)

can cause paralytic dysphonia and dysphagia whereas

bilateral RLNIs and VCP can be life threatening because of

the potential effects on the airway. Although the causes of

RLNI are manifold, most result from incorrectly performed

surgical techniques such as transection, ligature, compres-

sion, stretching/traction, and thermal stress [2–4]. In cases

of unexplained (idiopathic) RLNI, the hypothesized

mechanism is usually ischemia [5]. Intraoperative neu-

romonitoring (IONM) may be the only way to elucidate the

mechanism of RLNI because, in most cases, the injured

nerve is visibly intact and has an anatomically normal

appearance [2–7]. According to IONM results reported in

the literature, traction lesion is the most common type of

RLNI (67–93 %) and most of the injury sites were visually

undetectable [2–4].

Nerve injuries can be broadly grouped into three

degrees. Neuropraxia is the least severe degree. It results in

complete block of nerve transmission, despite intact nerve

fibers. It usually recovers spontaneously over a few hours

to few months. The second degree is axonotmesis, in which

the nerve sheath remains intact but the axons are divided.

The recovery usually takes several months to years. The

third degree is neurotmesis, which is the most severe nerve

injury because the axons and the sheath are partially or

completely severed. Based on the electrophysiology results

during IONM, RLNIs can be divided into two different

subtypes [2, 4]. Type1 RLNI results from direct stress on

the nerve and is characterized by a nerve injury at a specific

site (i.e., localized or segmental RLNI). In type1 injury,

distal stimulation of the nerve induces normal evoked

activity. However, proximal to the injured segment, no

stimulation greater than 100 lV could be elicited. In a type

2 injury, the exposed RLN shows no specific disruption site

(i.e., global or diffuse RLNI) and reveals no visible change

in appearance [2, 4, 5].

Few studies have compared recovery time in different

types of RLNIs [2, 3, 8]. The causes and possible mecha-

nisms of RLNIs during thyroidectomy must be understood

and elucidated to improve the surgical pitfalls and further

reduce the injury rate [2, 4]. A clear understanding of the

expected outcomes of RLNI is also important not only for

prognosis, but also for making correct intraoperative

decisions about the extent and timing of contralateral

thyroidectomy and the need for nerve repair. Finally, this

information is needed to improve the postoperative course

of treatment, including patient counseling and therapy for

reducing voice dysfunction and aspiration.

In this study, we conducted a prospective analysis of the

clinical RLNIs identified by IONM and stratified the

RLNIs by injury mechanism and by recovery time. The

main limitation of a clinical RLNI investigation is the

limited availability of specimens for histopathology anal-

ysis. Since previous studies have already used IONM in

animal models of RLNI [9–12], this study performed a

histopathologic analysis of RLNIs experimentally induced

in a porcine model and calculated correlations with the

clinical data. The objective was to develop a simple system

for classifying RLNIs by severity.

Materials and methods

This clinical study analyzed 3143 patients who had

received monitored thyroidectomy during 2008–2014 (1st

Division of General Surgery, University of Insubria, Italy).

Exclusion criteria were preoperative VCP (n = 29), no

record of pre- or postoperative laryngeal examination

(n = 16), an RLNI mechanism that could not be explained

or identified by IONM (n = 13), loss of signal (LOS) in

intraoperative electromyography (EMG) with complete or

partial recovery before wound closure (n = 47), thy-

roidectomy received in the learning curve period for con-

ventional IONM (n = 50) [13] or continuous IONM (C-

IONM, n = 50), and monitoring accessory failure (n = 7).

The analysis included 6093 at-risk nerves (3013 right

nerves and 3080 left nerves) in 2950 thyroidectomies and

193 lobectomies.

Further analysis refers to 281 RLNIs in which true LOS

was identified intraoperatively by conventional IONM

(n = 214) or by C-IONM (n = 67) and in which VCP was

positively identified by postoperative laryngeal examina-

tion. LOS was defined as an absence of the primary, nor-

mal, biphasic waveform at supramaximal stimulation with

amplitude that was decreased to \100 lV, and it was

managed following the troubleshooting algorithm descri-

bed in the International Neural Monitoring Study Group

(INMSG) Guidelines [5, 14].

Surgical technique

IONM

The IONM was performed according to the standard

equipment setup, induction and maintenance anesthesia

procedures, tube positioning verification tests, and EMG

definitions described by the INMSG Guidelines [5]. In

accordance with the standard IONM procedures, the
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endotracheal EMG tube-based surface electrodes were

positioned with the neck at full extension, and vagal

stimulation and registration of EMG signals were per-

formed before and after RLN dissection [4, 5].

C-IONM

The C-IONM technique was performed as described in the

literature [15]. After connecting the vagal nerve C-IONM

electrode to the monitoring system, the baseline latencies

and amplitudes of evoked responses were calibrated auto-

matically for use as control data. The stimulation frequency

for C-IONM was set to 1 per second. Initial baseline

responses were expected to exceed 500 lV. The upper

limit threshold for the latency (?10 %) and the lower limit

threshold for amplitude (-50 %) were depicted as separate

alarm lines.

Identifying and elucidating RLNI mechanisms

In each step of the IONM procedures, the surgeon used a

handheld stimulating probe for repeated tests of the RLN to

observe any modification of amplitude or latency EMG

signal and to elucidate where and how the RLN may have

been injured. In case of true LOS and nerve injury, the

surgeon maps and pinpoints the location of disrupted nerve

conduction with identification of the supposed mechanism

of the RLNI. For example, if the occurrence of LOS is

sudden after the application of energy-based devices

(EBD) or during bipolar or monopolar electrocautery near

the RLN, the RLNI was classified as thermal injury. If the

patient had a gradually decrease in the EMG signal after a

medial thyroid retraction maneuver, the RLNI was classi-

fied as traction injury. In patients with ligature or clip

entrapment, the ligature or clip was immediately removed.

In cases of transection (discontinuity) of the injured nerve,

tentative re-approximation was performed with sutures or

glue under magnification loupes.

Follow-up

Pre- and postoperative follow-up of all RLNIs was per-

formed by an independent laryngologist. Vocal cord

mobility was checked by direct laryngoscopy 24–48 h

before surgery and within 2 days after surgery [16]. Any

reduction in vocal cord mobility was recorded as postop-

erative VCP. In all patients with documented postoperative

VCP, examinations were performed every week for

1 month and every 3–4 weeks thereafter until full recovery

of vocal cord function was confirmed by the laryngologist.

If the patient showed no evidence of recovery within

12 months of surgery, the VCP was defined as permanent.

Stratification of RLNIs by injury mechanism

The following issues were analyzed and compared for each

RLNI type:

(1) Prevalence of presumed RLNI mechanism As

described above, in case of true LOS and RLNI, the

surgeon follows the standardized procedures to elu-

cidate the supposed injury mechanism. [1, 3, 5]. The

RLNIs investigated in this study were classified into

seven categories according to injury mechanism: (1)

intentional or non-intentional complete transection of

the nerve, (2) ligature entrapment with subsequent

release, (3) traction lesion caused by medial retraction

and lateral dissection of the thyroid, (4–6) clamping,

suction, or compression injury caused by a surgical

instrument, and (7) thermal injury caused by a

monopolar or bipolar or EBD.

(2) Comparison of recovery time and permanent VCP

rates Recovery time is defined as the time interval

(days) from postoperative VCP to vocal function

recovery during follow-up. Permanent RLN palsy is

defined as VCP lasting longer than 12 months.

(3) Physical changes in injured nerve As noted above,

after confirming true LOS by following the trou-

bleshooting algorithm, the surgeon identifies and

maps the location of the disrupted nerve conduction

and examines for physical change on the injured

nerve. Positive physical change (visible RLNI) is

defined as any discontinuity (transection lesion),

compression notch, hyperemia, or charcoal black

lesion at the site of disrupted nerve conduction. All

clinical data for injured nerves were collected

prospectively in a dedicated electronic Microsoft

Office Access Data Base (Microsoft Corp, Redmond,

Wash). Statistical analysis was performed with SPSS,

release 15.0 for Windows (SPSS Inc, Chicago-Ill,

USA). A P-value less than 0.05 was considered

statistically significant. Efforts were made to avoid

sources of bias such as the loss of individuals to

follow-up during the study. The Chi square test was

used for the statistical analysis.

Animal models for comparing RLNI severity

A well-established prospective porcine RLN research

model combined with C-IONM [9–11] was used to induce

different types of RLNI and compare the morphological

change. Six Duroc–Landrace male pigs (weight 20–25 kg)

were used for animal models according to protocols

100,097 and 102,100 of the Institutional Animal Care and

Use Committee of Kaohsiung Medical University. In

accordance with the typical clinical scenario, C-IONM was
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used to detect and confirm true LOS after RLNI. The

C-IONM equipment and settings used in the animal studies

were identical to those used in the clinical phase of this

study. The animals were subjected to RLN traction,

clamping, and thermal injury experiments (each group used

2 animals and 4 RLNs). Injured RLN segments were col-

lected for histopathology to compare the morphological

alterations caused by the experiments above.

Results

Prevalence of RLNI mechanisms

All 281 RLNIs were unilateral, and the overall VCP rate

was 4.6 % in at-risk nerves and 8.9 % in at-risk patients.

The order of prevalence of the RLNIs was traction injury

(71 %; n = 202), thermal injury (17 %; n = 45), com-

pression injury (4.2 %; n = 12), clamping injury (3.4 %;

n = 10), ligature entrapment (1.6 %; n = 5), suction

injury (1.4 %; n = 4), and nerve transection (1.4 %;

n = 4). (Table 1) There injury types did not significantly

differ in epidemiological characteristics, body mass index,

thyroid pathology, extent of operations, proportion of

bilateral procedures, side, mean weight of thyroid, mean

size of dominant nodules, RLN identification rate, RLN

extralaryngeal bifurcation, incidence of non-RLN, cumu-

lative dose of intraoperative and postoperative corticos-

teroids, and the use of IONM or C-IONM (data not shown).

Comparison of palsy recovery for each RLNI type

Figure 1 shows the VCP recovery time stratified by RLNI

type. Recovery time for temporary RLNIs ranged from

7 days for traction injury to 10 months for thermal injury

(mean 35.2 days). Recovery time exceeded 6 months in

four patients with VCP (three with thermal injuries and one

with clamping injury). In Table 1, the mean recovery time

Table 1 Mechanisms, recovery outcomes, and physical changes in RLNIs

RLNIs, n (%) Visible injury,

n (%)

Permanent VCP,

n (%)

Temporary VCP,

n (%)

Recovery time,

daysa

Type of injury

Traction 202(71 %) 10 (5 %) 3 (1.4 %) 199 (98.6 %) 27 ± 9

Thermal 45 (17 %) 10 (22 %) 13(28 %) 32 (72 %) 91 ± 11

Compression 12 (4.2 %) 0 (0 %) 0 (0 %) 12 (100 %) 51 ± 7

Clamping 10 (3.4 %) 9 (90 %) 5 (50 %) 5 (50 %) 90 ± 11

Ligature 5 (1.6 %) 4 (80 %) 0 (0 %) 5 (100 %) 85 ± 15

Suction 4 (1.4 %) 2 (50 %) 0(0 %) 4 (100 %) 76 ± 8

Section 4 (1.4 %) 4 (100 %) 4 (100 %) 0 (0 %) No recovery

Physical changes

(?) Visible 39 (13.9 %) – 22 (56 %) 17 (44 %) –

(-) Detectable by IONM only 242 (86.1 %) – 3 (1.2 %) 239 (98.8 %) –

Total 281 (100 %) – 25 (100 %)b 256 (100 %)c –

RLNI recurrent laryngeal nerve injury, n number of at-risk nerves, VCP vocal cord palsy
a Data from RLNIs with temporary VCP
b,c This study analyzed 3143 patients and 6093 nerves at risk for RLNI. The overall rates of patients and nerves at risk for permanent palsy were

0.8 and 0.41 %, respectively; the overall rates of patients and nerves at risk for temporary palsy were 8.1 and 4.2 %, respectively

Fig. 1 Stratified recovery times for transient injuries in seven

different RLNI types. Time interval from VCP to VCP recovery

during follow-up. Recovery of injured nerves was significantly

(p\ 0.001) faster in traction injuries compared to other injury

types. No nerves with transection injury were recovered (data not

shown)
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for temporary VCP is stratified by injury type. Recovery of

VCP was significantly faster in the traction group com-

pared to other groups (p\ 0.001). None of the transection

nerves were recovered.

Complete recovery of vocal cord function was docu-

mented in 91 % (n = 256) of the nerve injuries. Thus, 9 %

(25/281) of the RLNIs were permanent. Because of the

insufficient number of permanent RLN palsies, none of the

analyzed variables revealed a statistically significant dif-

ference. Table 1 stratifies the overall ratios of temporary

and permanent VCP for each RLNI type. Fifty-two

(18.5 %) patients with VCP had no symptoms at the first

postoperative laryngeal examination. All patients with

VCP periodically received laryngeal examinations, and all

symptomatic patients received speech therapy for at least

12 months. In patients who did not show satisfactory

improvement after 12 months of speech therapy, surgical

options were considered. Medialization thyroplasty for

permanent lesion was performed in 9 of the 25 patients

who were continuingly suffered from dysphonia and

aspiration.

Physical changes in injured nerve

Physical changes were noted in 14 % (39 of 281) of the

injured nerves, including 4/4 (100 %) nerve transections,

9/10 (90 %) clamping injuries, 4/5 (80 %) ligature

entrapments, 2/4 (50 %) suction injuries, 10/202 (5 %)

traction lesions, 10/45 (22 %) thermal injuries, and 0/12

(0 %) compression injuries. The rate of permanent VCP in

visibly injured nerves was 56 % (22/39). Among the

remaining 86 % (242/281) IONM-detectable RLNIs with-

out physical changes, the rate of permanent VCP was only

1.2 % (3/242) (Table 1).

Morphological analysis of animal models of RLNI

Table 2 summarizes the design and protocol of the animal

study and the obtained data. Figure 2 shows the experi-

mental RLNI model and cross-sectional light microscopy

images of traction injury (A–C), mechanical injury (D–F),

and thermal injury (G–I). In the traction injury group, all

RLNs showed a progressive LOS after the injury was

induced (mean time to LOS, 102 ± 9.8 s (range,

93–118 s). Figure 2b, c shows the results of the

histopathology examination. Most morphological changes

occurred in outer structures such as the epineurium and

perineurium. In contrast, structures in the endoneurium

remained relatively intact. All RLNs with mechanical

injury showed an immediate (less than 1 s) LOS after

clamping (Fig. 2d). Regarding general morphology,

Fig. 2e,f shows that distortion of the epineurium and per-

ineurium was greater in the mechanical injury group

compared to the traction injury group. However, structures

in the endoneurium remained relatively intact in this group.

All RLNs with thermal injury (Fig. 2g) showed a rapid

LOS after application of bipolar electrocautery at 60 W

from a distance of 1 mm (mean duration: 1.4 ± 0.3 s;

range: 1.1–1.8 s). Figure 2h, i shows that compared to the

traction and mechanical injury groups, the thermal injury

group had less distortion of the outer structure but more

severe damage to the inner endoneurium, including the

myelin sheath and the axon.

Discussion

This study prospectively evaluated 6093 nerves at risk

during monitored thyroidectomy and compared the recov-

ery characteristics in 281 RLNIs. Morphological changes

Table 2 Animal study design and data: RLNI model, clinical simulations, and EMG features

Injury

modela
Procedureb Clinical simulation EMG features

Traction RLNs were wrapped with a 10-mm Penrose drain

and retracted with a force gage under 50 g of

tension

RLN adhered to or encased in the goiter capsule

and stretched forward during medial traction

Progressive LOS

(mean = 102 ± 9.8 s)

(n = 4)

Clamping RLNs were clamped with hemostatic forceps RLN inadvertently injured by mechanical trauma

due to poor exposure or visual misidentification

Immediate LOS (all less

than 1 s) (n = 4)

Thermal Bipolar electrocautery was applied to the soft

tissue 1 mm adjacent to the RLN at a power of

60 watts

RLN injured by lateral thermal spread from the

use of electrocauterization to achieve

hemostasis for problematic bleeding in the

Berry’s ligament region

Rapid LOS

(mean = 1.4 ± 0.3 s)

(n = 4)

RLN recurrent laryngeal nerve, C-IONM continuous intraoperative neuromonitoring, LOS loss of signal
a Two animals (four RLNs) were used in each model
b All injury analyses were continued until a true LOS was confirmed by C-IONM
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caused by different RLNI types were compared in a por-

cine model. The results revealed that each RLNI type had a

different clinical recovery outcome (Fig. 1) and was asso-

ciated with different morphological changes (Fig. 2). We

noted that traction injury is the most common (71 %) and

has a shorter recovery time, low definitive RLN palsy

(1.4 %), low rate of physical changes (5 %) (Table 1), and

associated with less histological disturbance than

mechanical trauma or thermal injury (Fig. 2). Additionally,

cord immobility was permanent in 56 % of cases of visible

RLNI. In cases of IONM-detectable RLNIs without phys-

ical changes, however, cord immobility was permanent in

only 1.2 % (Table 1).

According to the present analysis of clinical recovery

outcome (Fig. 1), the morphological findings of the animal

studies (Fig. 2), and the definitions and mechanisms of

different RLNI types reported in the literature [2, 3, 8], we

defined, classified, and ranked each RLNI type by severity

(Table 3). Traction injuries (Class-A) were defined as

injuries of mild severity because of their short recovery

time, low rate of definitive RLN palsy and physical chan-

ges, and mild histological disturbance. Mechanical trauma

(Class-B, such as compression, clamping, or suction

injures) and constricting injury (Class-C) were defined as

injuries of mild or moderate severity. In traction and

mechanical injuries, the recovery outcome may depend on

Fig. 2 Experimental porcine model of RLNIs and light microscopic

images of toluidine blue-stained cross-sections of RLN fibers after

traction injury (a–c), clamping injury (d–f), and thermal injury (g–i).
All injured nerves showed complete loss of EMG signal during

continuous RLN electrophysiologic neuromonitoring. The precise

locations of RLNIs (arrows) were confirmed with a handheld

stimulation probe (stars)
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the dose and duration of the injury stress applied on the

injured nerve.

Thermal injuries (Class-D) were defined as injuries of

moderate or severe severity because they were associated

with a slow recovery time (Fig. 1) and severe histological

disturbance in the endoneurium (Fig. 2). Of course, the

severity of the injury and the recovery outcome may be

affected by temperature [11] and by the extent of thermal

spread from various EBDs [9]. Transection injuries (Class-

E), which were injuries that caused loss of nerve continu-

ity, were classified as injuries of high severity. However,

the proposed classification system requires further valida-

tion in a multicenter prospective analysis of the recovery

outcome of different RLNI types.

This study found that the most common cause of RLNI

was traction injury (71 %) followed by thermal injury

(17 %), mechanical trauma (9 %, including compression,

clamping, and suction injury), ligature entrapment (1.6 %),

and nerve transection (1.4 %). The high prevalence of

traction injury may be associated with the need for mobi-

lization and medial retraction of the thyroid lobe during

RLN dissection. For example, the RLN can be over-

stretched during RLN dissection. The RLN can also be

compressed between the trachea and a dense fibrous band

or crossing artery (especially within the region of the

Berry’s ligament) [2]. All thermal injuries in this study

were induced by EBDs used near the RLN. The wide

availability of EBDs is expected to increase the incidence

of thermal injury in the future [17]. Therefore, the use of

EBDs during thyroidectomy should be standardized to

avoid RLNI [9].

This study confirmed the hypothesis that different RLNI

types have very different potentials for recovery (Fig. 1;

Table 1). Therefore, the RLNI type should be considered

when deciding whether to perform a staged operation. For

example, in malignant cases that clearly require a radical

thyroidectomy and postoperative radioiodine or radiother-

apy, staged surgery is not recommended for transection

(Class-E) or for visible thermal lesions (Class-D) because

of the low possibility of functional recovery in a short

period of time, even after a successful repair. Wang et al.

[18] reported that intraoperative administration of corti-

costeroids can shorten the surgical recovery time in

patients with temporary RLN palsy. In this study, however,

the use of corticosteroids did not show a significantly

recovery outcome difference among the different RLNI

types.

The 50 thermal injuries analyzed in this study had a long

mean recovery time. Surprisingly, however, the overall rate

of VCP recovery was relatively high (72 %). According to

the present animal study, thermal injured nerve is associ-

ated with greater histological disturbance (Fig. 2) and

therefore the VCP should be less reversible in clinical

sequence. Further analyses revealed that most permanent

injuries occurred during conventional IONM, whereas

most temporary thermal injuries occurred during C-IONM.

Although this study did not reveal a statistically significant

difference between IONM and C-IONM, the difference in

Table 3 Classification, definition, presumed mechanism, and severity of RLNI

Classification Definition Nerve condition and related surgical maneuver Severity

A1 Traction at ligament of Berry

(LOB)

The RLN courses through the LOB and is direct compressed and/or pulled down

from the distal fixed end above the larynx during thyroid medial retraction and

elevation

Type1- focal segmental electrical defect can be detected at the region of LOB

Type2- focal segmental electrical defect cannot be detected on the exposed RLN

Mild

A2 Traction at goiter adhesion The RLN adheres to or is encased in the capsule of goiter and being stretched

forward during medial traction

Type1- focal segmental electrical defect can be identified

Type2- focal segmental electrical defect cannot be identified on the exposed RLN

Mild

B1 Mechanical trauma The RLN is directly injured during dissection by blunt force, contusion, pressure,

suction, or compression over the trachea by a surgical instrument

Mild

B2 Mechanical trauma The RLN is inadvertently clamped by a surgical instrument during nerve

dissection.

Moderate

C Constriction with subsequent

release of entrapment

The RLN is caught in a small vessel branch ligature, clip, or constricting band of

connective tissue during or after nerve dissection.

Mild—

moderate

D Thermal The RLN is injured by direct touch or lateral thermal spread of electrocautery or

any energy-based devices (EBD) when ligation of the small vessels or

dissecting connective tissue at tracheal groove

Moderate–

severe

E Transection The RLN is inadvertently transected due to visual misidentification it as a vessel

or soft tissue band

Severe
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permanent injuries is consistent with the finding of our

recent animal studies that C-IONM may be helpful for

detecting thermal injury in its earliest phases and may

reduce the severity of thermal RLNI [11]. According to the

literature, C-IONM is a technological improvement over

conventional IONM. Notably, hundreds of cases of

C-IONM performed without side effects have been repor-

ted in the literature [19].

This study revealed physical changes in only 14 % of

the injured nerves. Permanent VCP was detected in a high

percentage (56 %) of visible RLNIs but in a very low

percentage (1.2 %) of RLNIs without physical changes.

This finding also highlights the effectiveness of IONM as a

tool for intraoperative detection of EMG loss, which can

alert surgeons to the need for early corrective surgical

treatment to reduce the risk of a visible or permanent

RLNI.

A limitation of this study is that the cause of RLNI

might be multi-factorial and due to a combination of

multiple events [20, 21]. Another limitation is the highly

variable severity of RLNI. The extent and magnitude of

injury are expected to vary widely, even within individual

categories of injury. However, this study used standard

IONM procedures for registering and comparing EMG

signals in each step, and the analysis was limited to cases in

which the loss of function and the cause of the lesion were

certain. Therefore, we believe that the dominant mecha-

nisms of the RLNIs analyzed in this study were accurately

identified. One difficulty of this study was that data needed

for analyzing and defining RLNI mechanisms are not

widely reported [2, 3]. Another challenge is the inconsis-

tent definitions used in the literature. For example, the

definition of ‘‘compression’’ applied by Snyder’s study is

similar to the definition of ‘‘stretching’’ applied by Chiang

[2, 3]. Snyder defines ‘‘ligature’’ injury as a RLN being

caught in a small branch vessel ligature, whereas Chiang

defines ‘‘constricting’’ injury as an RLN being caught in a

constricting band of connective tissue, which can be con-

fused with a ‘‘compression’’ injury. The present work is the

first attempt to develop a simple system for defining and

classifying RLNIs and for ranking their severity (Table 3).

The novel classification scheme proposed in this study can

help clinicians predict the functional outcomes of nerve

problems after thyroid surgery.

Conclusions

Different RLNIs cause different morphological changes

and have different recovery outcomes. This study revealed

that permanent VCP is rare in lesions that are visually

undetectable but detectable by IONM. Therefore, clinicians

can use IONM as a tool for early detection and

classification of RLNIs; this information can then be used

to predict recovery outcomes and to formulate intra- and

postoperative treatment plans for RLNI.
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