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Abstract

Background Systematic studies of intermittent intraop-

erative neuromonitoring (IONM) have shown that IONM

enhances recurrent laryngeal nerve (RLN) identification

via functional assessment, but does not significantly reduce

rates of vocal cord (VC) paralysis (VCP). The reliability of

functional nerve assessment depends on the preoperative

integrity of VC mobility. The present study was therefore

performed to analyze the validity of IONM in patients with

pre-existing VC paralysis.

Methods Of 8,128 patients, 285 (3.5 %) with preopera-

tive VCP underwent thyroid surgery using standardized

IONM of the RLN and vagus nerves (VNs). VC function

was assessed by pre- and postoperative direct videolaryn-

goscopy. Quantitative parameters of IONM in patients with

VCP were compared with IONM in patients with intact VC

function. Clinical symptoms and surgical outcomes of

patients with pre-existing VCP were analyzed.

Results A total of 244 patients revealed negative, and 41

revealed positive IONM on the side of the VCP. VCP with

positive IONM revealed significantly lower amplitudes of

VN and RLN than intact VN (p = 0.010) and RLN

(p = 0.011). Symptoms of patients with VCP included

hoarseness (25 %), dyspnea (29 %), stridor (13 %), and

dysphagia (13 %); 13 % were asymptomatic. New VCP

occurred in five patients, ten needed tracheostomy for

various reasons, and one patient died.

Conclusions Patients with pre-existing VCP revealed

significantly reduced amplitude of ipsilateral VN and RLN,

indicating retained nerve conductivity despite VC immo-

bility. Preoperative laryngoscopy is therefore indispensable

for reliable IONM and risk assessment, even in patients

without voice abnormalities.

Introduction

Today, intermittent intraoperative neuromonitoring

(IONM) in thyroid and parathyroid surgery is broadly

utilized, and distinctive standards have been established.

IONM enhances identification of the recurrent laryngeal

nerve (RLN) by functional findings of an electromyograph

(EMG) that can only be generated by nerves; however, a

significant reduction in the rate of postoperative vocal cord

(VC) paralysis (VCP) by IONM in primary and benign

goiter surgery was not demonstrated [1, 2]. Regardless,

numerous authors have emphasized the virtues of IONM in

challenging surgery, e.g. recurrent goiter, Graves’ disease,

retrosternal and mediastinal thyroid extension, thyroid

malignancy, and malignant recurrence [1–13]. Most of all,

IONM is valued for preventing the most hazardous com-

plication of thyroid surgery, bilateral VCP. IONM enables

a change of surgical strategy in bilateral thyroid surgery,

when nerve dysfunction is detected intraoperatively [2, 7,

9, 12]. In case of loss of signal (LOS), defined as irrepro-

ducible EMG curve and acoustic signal or reduction of

amplitude to \100 lV, on the first and dominant side of

resection, a planned bilateral procedure may be stopped in

favor of staged thyroidectomy [13–15]. Disregarding nerve

transection injury, LOS is the most reliable indicator of

postoperative VCP in macroscopically impaired as well as

anatomically preserved nerve integrity. In a previous study,
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normal quantitative IONM parameters reflecting routine

everyday conditions of anesthesia and surgery were

established, and it was concluded that relevant changes of

those IONM parameters might be indicative of imminent

danger to the RLN, prior to LOS. Corresponding surgical

actions thought to be responsible included, for example,

stretching and pressure as indirect causes for reduction in

amplitude, increase of latency, and sometimes deconfigu-

ration of EMG waveform [16]. However, recognition of

these alterations in intermittent IONM is limited by the

successive nature of preparation and stimulation, and the

demanding attentiveness of the operating surgeon to EMG

alterations in lack of thresholds and warning signs. Cur-

rently, the extent to which the recent development of

continuous IONM (CIONM) overcomes these limitations

remains to be determined and is an aspect that is presently

under investigation [13, 17, 18].

The incidence of bilateral VCP in thyroid surgery with

or without use of IONM is rarely reported, and consider-

able under-reporting must be assumed [19–21]. Given the

ongoing controversies regarding the value, standard

application, costs, effort, and time involved with IONM, as

well as the interpretation and impact of IONM parameters,

the main virtue of IONM in prevention of bilateral VCP

remains outstanding [22–24]. In this context, confirmation

of positive IONM in ipsilateral VCP raises questions

regarding the relationship between IONM and VC func-

tion. Ultimately, positive IONM in pre-existing VCP may

defy efforts and costs involved, and fundamentally chal-

lenge the validity of IONM. This study aimed to first

analyze specifically positive IONM in established VCP in

order to assess the reliability and consequences of IONM

application. Second, it aimed to analyze surgical outcome

and investigate the impact of IONM on cervical surgery in

established VCP, thus highlighting the superior challenge

of contralateral surgery in permanent unilateral VCP.

Materials and methods

Patients

Patients with pre-existing, laryngoscopically verified VCP

undergoing cervical surgery intended for benign and

malignant thyroid disease were identified from a prospec-

tive database, and the data were retrospectively analyzed.

All of these patients revealed completely immobilized

VCs. None of these VCs appeared grossly altered; specif-

ically, there was no VC fibrosis, VC fixation, or arytenoid

luxation present in any of the patients included in the study.

From June 1998 until May 2013, a total of 285 of 8,128

patients undergoing cervical surgery for thyroid disease

using IONM revealed pre-existing inferior RLN paralysis,

and 7,843 showed bilateral normal function of VCs. Posi-

tive intact IONM was defined according to established

definitions with regular EMG, positive latency, and mini-

mum amplitude of [100 lV [2]. IONM identified 41

positive EMGs in ipsilateral VCP, and 244 cases of VCP

exhibited negative IONM (Fig. 1).

Methods

Intermittent IONM was initially applied using directly

placed needle electrodes with the Neurosign 100� system

(inomed GmbH, Emmendingen, Germany). In this series,

this was applied in ten patients in the IONM-negative

group. The IONM method was then changed to tube

electrodes and was applied in all remaining patients, spe-

cifically in all 41 patients with positive IONM in pre-

existing VCP. Tube electrode IONM was carried out with

the Medtronic NIM1� and NIM2� systems for intermittent,

and, most recently, the CIONM NIM3� system (Medtronic

Co., Jacksonville, FL, USA). All patients underwent pre-

and postoperative (V1 and V2) direct videolaryngoscopy

for assessment of VC mobility. IONM was applied in a

standard procedure; the detailed technique, materials, and

procedural application have been previously described [13,

16]. Surgery started on the dominant side according to

malignancy and/or size criteria. Following identification

and stimulation of the ipsilateral vagus nerve (VN) (V1),

the ipsilateral inferior RLN was identified and stimulated

(R1). Accordingly, after completion of resection, stimula-

tion of RLN (R2) and VN (V2) commenced, and all EMG

data were printed and saved. Direct videolaryngoscopy

(V2) for confirmation of VC mobility was usually per-

formed on postoperative day 2, rarely later.

Specific EMG parameters of IONM, namely amplitude,

latency, signal width of positive IONM, and the absence of

reproducible EMG in VCP, were analyzed and compared

with those of patients with intact functional VCs. With the

aim of describing the electrophysiologic characteristics of

8128 
IONM

285 

VCP

244 

IONM Ø

41 

IONM +

7843 

intact VC

Fig. 1 Patient selection from a prospective database according to

preoperative laryngoscopy and intraoperative neuromonitoring

(IONM). VC vocal cord, VCP vocal cord paralysis
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VCP, IONM of pre-resection parameters was described for

this series. The time point of pre-resection was defined as

previously described in the definition of normal IONM

parameters as follows: preparing the surgical field until

straight forward, first exposing the VNs, and then the RLNs

for application of IONM; however, preceding any resective

maneuver to the thyroid and/or lymph nodes. The physio-

logically significant differences in latency of left versus

right VNs were corrected by the additional term of 1.99 for

all calculations of latency. Positive EMG in established

VCP was compared in individual patients with IONM

parameters of the contralateral intact VC side in order to

exclude tube placement-related biased differences, and was

also compared with established normal parameters

according to the previous study, for overall analysis.

Analysis of demographic data, clinical symptoms, laryn-

goscopy findings, surgical procedures performed, and sur-

gical outcomes of all patients aimed to identify differences

in patients with positive and negative IONM in pre-existing

VCP.

Statistical analysis

The statistical analysis was performed using SPSS Statis-

tics for Windows, version 20.0 (SPSS Inc., Chicago, IL,

USA). Results are expressed by mean ± standard deviation

(SD) or median (range) as appropriate. Data analysis for

proportions, parametric, and non-parametric parameters

was performed using the Wilcoxon-rank test and the

Mann–Whitney U test. Statistical significance was con-

sidered to be p \ 0.05.

Results

Demographics and clinical characteristics

Gender distribution of the 285 patients with pre-existing

VCP was as follows: 191 female (67 %) and 94 (33 %)

male. VCP was evenly distributed, with 135 (47 %) on the

right side and 130 (46 %) on the left side. A total of 13

(4.6 %) patients had combined unilateral VCP and con-

tralateral incomplete VCP (defined as impaired but residual

VC mobility) (right VCP?left incomplete VCP N = 5; left

VCP?right incomplete VCP N = 8), and seven (2.5 %)

patients exhibited bilateral VCP. One (0.35 %) patient had

a right non-recurrent inferior laryngeal nerve (NRLN) with

postoperative magnetic resonance imaging (MRI) valida-

tion of associated lusorian artery in the IONM-negative

group and no NRLN in the IONM-positive group [25].

The mean age was 58 (±16) years. A total of 66 (23 %)

patients were scheduled for primary surgery versus 219

(77 %) patients for redo cervical surgery. Indication for

surgery was benign thyroid disease in 117 (41 %) and

malignancy in 168 (59 %). Surgical procedures involved

thyroid resection in 226 (79 %) and/or central compart-

ment lymph node dissection (C1) (paratracheal groove) in

159 (56 %) [26] (Table 1).

In all, 36 (13 %) patients presented with clinically

asymptomatic VCP preoperatively. Five of these asymp-

tomatic patients underwent primary cervical surgery. Of

the 36 asymptomatic patients, 12 showed positive IONM

ipsilateral to the VCP side, three of whom had not under-

gone any previous cervical or thoracic surgery. Conversely,

clinical symptoms in established VCP comprised hoarse-

ness in 72 (25 %), stridor in 26 (9 %), dyspnea in 83

(29 %), progressive cervical compression in 74 (26 %),

and dysphagia in 36 (13 %) (Table 1).

In 244 patients with VCP, IONM could not produce

positive EMG of the RLN and/or VNs.

Clinical characteristics in IONM-positive patients

Specific sub-analysis of the 41 IONM-positive patients

showed 34 (83 %) female and seven (17 %) male patients,

Table 1 Demographics and clinical characteristics of all patients

with pre-existing vocal cord paralysis

IONM

negative

(N = 244)

IONM

positive

(N = 41)

Total

(N = 285)

N % N % N %

Male 87 35.7 7 17.1 94 33.0

Female 157 64.3 34 82.9 191 67.0

Age (years; SD)

61 ± 16 16 ± 15.3 58 ± 16

Primary 58 23.8 8 19.5 66 23.2

Recurrent 186 76.2 33 80.5 219 76.8

Benign 89 36.5 28 68.3 117 41.1

Malignant 155 63.6 13 31.7 168 58.9

Asymptomatic 24 9.8 12 29.3 36 12.6

Cervical compression 68 27.9 6 14.6 74 26.0

Pain 16 6.6 1 2.4 17 6.0

Hoarseness 53 21.7 19 46.3 72 25.2

Stridor 18 7.4 8 19.5 26 9.1

Dyspnea 66 27.0 17 41.5 83 29.1

Dysphagia 30 12.3 6 14.6 36 12.6

VCP

Unilateral right 20 48.8 115 47.1 135 47.4

Unilateral left 18 43.9 112 45.9 130 45.6

Unilateral/incomplete 2 4.9 11 4.5 13 4.6

Bilateral 1 2.4 6 2.5 7 2.5

IONM intraoperative neuromonitoring, SD standard deviation, VCP

vocal cord paralysis
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with a mean age of 60 (±15.3) years. Primary surgery was

planned in eight (19 %) versus redo procedures in 33

(81 %). Indication for surgery was benign thyroid disease

in 28 (68 %) and malignancy in 13 (32 %). Clinically

asymptomatic VCP was seen in 12 (29 %), whereas 17

(42 %) demonstrated dyspnea, eight (20 %) stridor, 19

hoarseness (46 %), six cervical compression (15 %), and

six (15 %) dysphagia. Mean duration of VCP was 109

(±150) months in IONM-positive patients, and could not

reliably be determined in the IONM-negative patients

(Table 1).

Surgical procedures

Surgical procedures in this series of patients with preop-

eratively diagnosed VCP involved primary and redo thy-

roid resections in benign disease (N = 117; 41 %), and

primary and redo surgery in malignant disease (N = 168;

58.9 %) (Table 2). The maximum risk profile in regard to

VC function is held by surgery contralateral to the pre-

existing VCP, and was undertaken altogether in 215

patients with a spectrum of procedures performed

(Table 2). Extent of thyroid resection to the ipsilateral side

of pre-existing VCP (surgical low-risk category) comprised

enucleation in 52 (18 %) patients, subtotal thyroid resec-

tion in four (1 %), central compartment lymph node dis-

section in 166 (58 %), and lobectomy in 150 (53 %).

Maximum risk category surgery of contralateral (±ipsi-

lateral) resection in pre-existing VCP in regard to the

contralateral side comprised enucleation in 27 (9 %),

subtotal thyroid resection in six (2 %), central compart-

ment lymph node dissection in 130 (46 %), and lobectomy

in 146 (51 %) patients (Table 2). Overall, 34 RLNs (ten

right, 24 left) were resected as mandatory by oncological

principle, all within the IONM-negative group.

In addition to the 34 nerves that were resected, intra-

operative LOS (defined in contemporary literature as

complete loss of EMG, signal sound, and/or decrease of

amplitude to \100 lV) of a functional RLN and/or VN

occurred in five patients in the IONM-negative group and

in one patient in the IONM-positive VCP group. Despite

new LOS with expectant effective bilateral VCP, intraop-

erative laterofixation of a VC on the side of the pre-existing

VCP was not performed in this series of patients. Intra-

operative tracheostomy was conducted in five patients. In

three patients, protective tracheostomy was performed: for

intraoperative LOS in one, and for protection of precarious

reconstructive procedures involving trachea and/or esoph-

agus with muscle flaps in two patients. Another two

patients required laryngectomy, and intraoperative trache-

ostomy was consequently implemented.

IONM parameters in VCP

Of 285 patients with VCP, 41 (14.3 %) demonstrated

positive IONM. Analysis of pre-resection quantitative

IONM parameters of amplitude, latency, and signal width

were intra-individually compared with the functionally

intact contralateral sides, thereby diminishing the influence

of inter-individual differences due to the quality of tube

positioning. Additionally, these quantitative parameters

were compared with established normal pre-resection

parameters of IONM in functionally intact VNs and RLNs

after correction for physiologic differences between left

and right side by the term 1.99 [16].

Amplitude

Intra-individual pre-resection IONM of ipsilateral VCP

demonstrated significantly lower median amplitude of VNs

(295 lV) compared with the intact sides (513 lV)

(p = 0.010), as was true for significantly lower amplitudes

of inferior RLNs in VCP (372 lV) compared with intact

VC (459 lV) (p = 0.011) (Table 3).

In comparison with established normal parameters for

VNs (479 lV), VCP again showed significantly lower

amplitudes (295 lV) (p \ 0.001). Similarly, RLNs in VCP

had significantly lower amplitudes (371 lV) than normal

functioning RLNs (665 lV) (p \ 0.001).

Latency

Pre-resection median latency of VNs was significantly

greater in VCP (5.95 ms) than in intact VC (4.69 ms)

(p = 0.014). Similarly, this was true for RLNs in VCP

(2.34 ms) versus normal RLNs (2.25 ms) (p = 0.046)

(Table 3).

Table 2 Extent of surgery in pre-existing vocal cord paralysis

Surgical procedure Right VCP

(N = 140)

Left VCP

(N = 138)

Ipsilateral to

VCP

Subtotal thyroid resection 2 2

Lobectomy 74 76

Enucleation 24 28

Central lymph node

dissection

88 78

Contralateral

to VCP

Subtotal thyroid resection 3 3

Lobectomy 75 71

Enucleation 11 16

Central lymph node

dissection

65 65

VCP vocal cord paralysis
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Conversely, comparison of median latency of VNs in

VCP (5.95 ms) to normal parameters (5.90 ms) did not

reach statistical significance (p = 0.775). Surprisingly, the

median latency of RLNs in VCP (2.34 ms) was signifi-

cantly shorter than established normal parameters for intact

RLNs (2.73 ms) (p = 0.016).

Signal width

Regarding pre-resection median signal width of VNs, no

significant difference between VCP (9.77 ms) and normal

functioning sides (8.22 ms) was demonstrated (p = 0.094).

Likewise, RLN in VCP revealed no significant difference

of signal width (8.59 ms) versus intact RLNs (8.36 ms)

(p = 0.931) (Table 3).

Comparison of median signal width in VNs in VCP

(9.76 ms) with normal parameters (8.98 ms) again revealed

no significant difference (p = 0.139), whereas median

signal width of RLNs in VCP (8.59 ms) was significantly

broader versus signal width in normal functioning RLNs

(7.42) (p = 0.001).

Surgical outcome

With respect to the main focus of VC function in these

patients, postoperative VC mobility was routinely assessed

by direct videolaryngoscopy on postoperative day 2, later

in exceptional cases and as determined appropriate. Of the

285 patients with pre-existing VCP, five patients operated

on in this series experienced LOS with new and permanent

VCP. Consequently, there resulted 12 bilateral VCP in

total, since seven patients already had bilateral VC paresis

before the current operation, i.e., pre-existing unilateral

and/or contralateral incomplete VC paresis (Table 4).

In cases of symptomatic postoperative VCP, conserva-

tive treatment with inhalation therapy, anti-edematous, and

anti-inflammatory drugs were administered in all patients.

Postoperative re-intubation was mandatory in three

(1.05 %) patients. Unsatisfactory conservative measures

yielded postoperative laterofixation of one VC on the side

of the pre-existing VCP in four (1.4 %) patients, one

sequenced by tracheostomy. Postoperative tracheostomy

Table 3 Quantitative

parameters in positive

intraoperative neuromonitoring

in pre-existing vocal cord

paralysis

Vagus nerve Recurrent nerve

VCP Intact VCP Intact

Amplitude (lV)

Median 295 513 372 459

Quartile (Q1; Q3) 137; 516 274; 907 179; 596 237; 1,069

p = 0.010 p = 0.011

Latency (ms)

Median 5.95 4.69 2.34 2.25

Quartile (Q1; Q3) 4.72; 7.50 3.54; 7.02 1.17; 3.25 0.78; 3.13

p = 0.014 p = 0.046

Signal width (ms)

Median 9.77 8.22 8.59 8.36

Quartile (Q1; Q3) 7.71; 13.20 6.50; 12.89 6.56; 12.60 6.44; 12.11

p = 0.094 p = 0.931

Table 4 Complications in surgery of patients with pre-existing vocal

cord paralysis

Complications

specific to VCP

IONM

negative

(N = 244)

IONM

positive

(N = 41)

Total

(N = 285)

N % N % N %

LOS (=new VCP) 5 2 0 0 5 1.7

VC lateralization 7 2.9 1 0.4 8 2.8

Tracheostomy 10 4.1 0 0 10 3.5

Death 1 0.4 0 0 1 0.4

General complications

Wound infection 6 2.5 0 0 6 2.1

Sternal infection 1 0.4 0 0 1 0.4

Seroma 16 6.6 4 9.8 20 7.0

Wound dehiscence 1 0.4 0 0 1 0.4

Pulmonary 6 2.5 0 0 6 2.1

Cardiological 1 0.4 1 2.4 2 0.7

Reintubation 3 1.2 0 0 3 1.1

Hypocalcemia 9 3.7 0 0 9 3.2

Reoperation

Bleeding 7 2.8 4 9.8 11 3.9

Wound infection 2 0.8 0 0 2 0.7

Other 11 4.5 0 0 11 3.9

IONM intraoperative neuromonitoring, LOS loss of signal, VC vocal

cord, VCP vocal cord paralysis
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was conducted in five (1.75 %) patients and based on

progressive respiratory insufficiency in all. Of these, two

presented with unchanged pre-existing bilateral VCP, one

with unchanged pre-existing unilateral VCP and two with

insufficiency of reconstructive muscle flaps (Table 5).

General surgical complications included the need for

reoperation due to bleeding in seven, due to wound

infection in two, and for persistent lymph fistula, seroma,

and secondary wound closure in 11. Secondary partial

wound closure was performed in six cases for superficial

wound dehiscence and in five after correction of deep

wound infection or lymph fistula. The unusually high rate

of postoperative hematoma was associated with prolonged

and extensive repetitive redo cancer surgery cases in four,

and necessary persistent anticoagulative medication in

three patients. Wound infection developed in six, sternal

infection in one, and seroma in 16 patients. One patient

experienced secondary wound dehiscence. Pulmonary

complications were evident in six, and cardiac complica-

tion occurred in one patient. Other complications totaled

nine and comprised pulmonary artery embolism, transient

fever, nausea and vomiting, and salivary gland inflamma-

tion (Table 4). These high rates of complications in regard

to bleeding and wound problems is at least partly explained

by the highly complex and lengthy cancer redo surgeries as

well as comorbidity of patients included in this group.

Hypoparathyroidism was defined by prevalent substitution

of calcium and/or vitamin D for hypocalcemia. The pre-

operative rate was 4.5 %, and increased to a transient

postoperative rate of 9.4 %. However, scarce follow-up

data on the substitution regimen did not allow for assess-

ment of the permanent hypoparathyroidism rate in this

series.

Discussion

This study describes the largest cohort of patients under-

going thyroid surgery with IONM in the setting of pre-

existing VCP, describing comprehensive characteristics

with a special focus on assessment of IONM parameters

and surgical outcome. Due to the scarcity of comparable

data in the literature, discussion of the findings of the

present study can only focus on a few representative other

investigations.

Limitations of the study

Because the etiology of pre-existent VCP in primary

benign surgery, as well as the nature of nerve injury in

previous outward surgery remains unresolved, this series

for a large part suffices with descriptive data and refrains

from conclusions beyond this. Some certain factors may

contribute to the phenomenon of positive IONM in estab-

lished VCP, but cannot be proved, as follows. (i) During

VN stimulation, an intact superior laryngeal nerve that is

not routinely assessed in standard IONM application,

ipsilateral to a damaged RLN, may trigger electrical

responses picked up by the IONM [27]. In cases of pre-

laryngeal ramification and damage to the anterior branch of

RLN that usually carries the motor fibers, the intact inferior

branch for the posticus muscle may preserve positive

IONM of VN and recurrent (branch) stimulation even

though the VCP is paralyzed [28]. (ii) Long-term restora-

tion of electrical conductivity in a partially damaged nerve

may result in positive IONM, yet degenerative changes of

the VC and/or laryngeal muscles that are not accessible in

direct laryngoscopy prevent VC mobility.

Due to the retrospective analysis, precise description of

all identified RLN and VN in IONM-negative VCP was not

available, and missing data necessitated median value

correlation. Moreover, comprehensive longitudinal follow-

up was not performed to enable a more thorough long-term

prognostication of VC function and surgical outcome.

IONM, preoperative laryngoscopy, and quantitative

parameters

The usefulness of IONM in reducing the RLN paralysis

rate in thyroid surgery is debated throughout the literature,

whereas the superior rate of objectivizing RLN identifica-

tion by functional assessment and benefit in recurrent

surgery is mostly not [3, 23, 29, 30]. In contrast, even

authors who challenge the benefit of IONM in standard

thyroid surgery acknowledge the usefulness and impact of

IONM in facilitating prevention of bilateral VCP in bilat-

eral surgery and benefits in ‘complicated’ thyroid surgery.

Nevertheless, data to support this advantage of IONM in

specifically challenging and high-risk surgery are limited

[23, 24]. In this regard, the validity of IONM is especially

challenged in reliably predicting postoperative VC function

in high-risk thyroid surgery. Negative and positive pre-

dictive values of IONM for postoperative VC function are

reported at 85–90 and 37–40 %, respectively [4, 7, 14, 23,

28, 30, 31]. Negative predictive value in regard to IONM

represent negative test results, reflecting the rate of post-

operative recurrent nerve palsy despite intact IONM sig-

nals. Conversely, positive predictive values in regard to

IONM represent positive test results, reflecting the rate of

intact VC function despite LOS in IONM. For the study

group investigated, accuracy as well as inaccuracy cannot

be calculated because, in established VCP, postoperative

VCP was always present as diagnosed preoperatively. This

background elucidates critical evaluation of positive IONM

in pre-existing VCP resembling IONM in normal func-

tioning nerves. Notably, in this study, the pre-resection
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amplitudes of RLN (median 372 lV; quartiles 179; 596)

with preoperative palsy exhibit values decidedly above the

level of the definition of LOS used in the literature of

100 lV, although amplitude ranges clearly lower than

those of the intact RLN (median 459; quartiles 237; 1,069).

Thereby, IONM in pre-existing VCP appears unreliable

and can only be interpreted in the context of preoperative

laryngoscopic functional findings of the VC. In this con-

text, the established definition of LOS does not apply to

pre-existing VCP and positive IONM. Does this phenom-

enon now make IONM a high-effort and futile tool?

Positive IONM in this series highlights the important pre-

conditions for interpretation and ingenious application of

IONM. First, preoperative laryngoscopy is warranted.

However, the necessity of preoperative laryngoscopy in

primary surgery is controversial and some opponents even

assume normal voice to be a sufficient indicator of normal

VC function [32, 33]. However, empirically, VCP may

develop insidiously and even present as clinically asymp-

tomatic, as seen in 13 % of patients in this series. There-

fore, preoperative investigation of VC mobility is the

mainstay finding to enable reliable interpretation of IONM,

regardless of primary or redo cervical surgery. Moreover,

infrequent use of preoperative laryngoscopy may well

under-report the prevalence of primary VCP in patients

undergoing thyroid surgery.

Goretzki et al. [24] first described a subgroup of patients

(2/8 & 25 %) with positive IONM in pre-existing VCP;

however, no specific IONM parameters were provided. On

the other hand, the current study is the first to describe a

hitherto unheralded large series of 41 patients with VCP

and positive IONM, closely resembling normal IONM.

Specific analysis of quantitative parameters for the first

time revealed significantly reduced amplitudes of recurrent

laryngeal and VNs in pre-existing VCP with anatomically

intact RLN and VN compared with the contralateral intact

VC [16]. Moreover, comparison of median latency of the

VN and RLN of the ipsilateral VCP compared with the

functionally intact VC side in each patient revealed sig-

nificantly greater latencies (Table 3). Second, interpreta-

tion of IONM must be based on quantitative parameters in

order to benefit from the method beyond the ‘all or noth-

ing’ event of LOS. These findings underline the importance

of recognizing intraoperative changes in amplitude as an

early indicator for dangerous maneuvers for the RLN with

impeding risk of postoperative functional impairment. In

cases of synchronous increase of latency, these combined

events indicate imminent danger to nerve function as

affirmed by preliminary data of CIONM by Schneider et al.

[13]. Conversely, the latency and signal width of the VNs

and RLNs failed to indicate significant differences from

normal IONM parameters in patients with intact VC

mobility. Therefore, both appear to be of lesser importance

in representation of VC function at the time of investiga-

tion. Nevertheless, all IONM parameters represent func-

tional nerve integrity and, according to the data

from this study, a descending hierarchy of amplitude [
latency [ signal width in prediction of VCP mobility is

implied.

Consequently, IONM and preoperative laryngoscopy

represent a unit in which one remains unreliable without

the other. Recognition of quantitative IONM parameters,

namely amplitude and comparison with normal parameters,

are important in order to assess neural preconditions at the

start of surgery, and moreover to adapt surgical measures

precluding LOS. Pre-existing as well as impending nerve

pathologies may therefore be detected with IONM.

IONM, ‘high-risk’ thyroid surgery, and complications

Correlations between an increasing postoperative VCP rate

and progressive extent of surgery is well described. His-

torically, lobectomy was compared with lesser, paren-

chyma-sparing resections [20, 34]. Likewise, higher rates

of VCP in ‘high-risk’ thyroid surgery are reported; how-

ever, no uniform definition of ‘high-risk’ thyroid surgery is

globally accepted. In view of this study and the importance

of functional nerve integrity, a hierarchy of progressive risk

classes in regard to VCP in thyroid surgery starts with

lobectomy and then proceeds to primary malignant, redo

benign, and redo malignant surgery, and is topped by

contralateral lobectomy with central lymph node dissection

in pre-existing unilateral VCP. Goretzki et al. [24] descri-

bed an incidence of pre-existing VCP of 0.6 % in a series

of thyroid patients, 0.3 % in those undergoing primary

surgery, and 3.5 % in those undergoing recurrent surgery.

In the present large series, pre-existing VCP accounted for

3.5 % of thyroid procedures performed, representative of a

uniquely highly specialized tertiary referral center in

endocrine surgery with a considerable proportion of

demanding and redo procedures in benign and malignant

cases. Maximum challenging surgery, with contralateral

lobectomy with and without lymph node dissection,

accounted for 51 % of this series (Table 2). Benefit–risk

evaluation in these patients led to stratification of surgical

procedures, and minimum resection on the contralateral

side to the prevalent VCP was performed in 33 (12 %)

patients. However, in 205 (72 %) patients, a full risk

exposure of the remaining functional VC was undertaken

by lobectomy with or without concurrent lymph node

dissection. Overall, consequent standard application of

IONM in this series produced acceptable complication

rates in regard to new VCP in maximum challenging thy-

roid surgery, with 1.75 % new VCP.

Bilateral VCP represents the most critical complication

of thyroid surgery, with a high risk of compulsory
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tracheostomy, and significantly contributes to liability suits

in endocrine surgery [35]. The total number of tracheos-

tomy in this series was ten and these had to be performed

for a variety of reasons (Table 5). Tracheostomy was

assumed necessary intraoperatively in three, in two in

consequence of laryngectomy. Postoperative tracheostomy

was performed due to necrosis of muscle flaps after tra-

cheal resection in two and for respiratory insufficiency in

another three patients. In strict correlation to contralateral

surgery in pre-existing VCP, the six patients who required

tracheostomy due to surgical maneuvers represent 4.1 %.

Notably, tracheostomy was not necessary in all bilateral

VCP, and tracheostomy was not only performed for bilat-

eral VCP in this series.

Visual identification of an anatomically intact RLN does

not provide information on residual function or electrical

conductivity. Conversely, positive IONM in established

VCP supports efforts to preserve dysfunctional RLNs

despite impaired VC function. Positive IONM in VCP may

represent residual neural function in the form of electrical

conductivity. The strength to produce an EMG can possibly

influence postoperative quality of voice by retaining a

stimulus to the intralaryngeal muscles, and to some degree

prevent VC involution as described by Chi et al. [36]. In

cases of near-normal EMG in nonfunctional VCP, it may

furthermore be assumed that residual electrical conduc-

tivity also harbors the potential for preservation of lar-

yngeal sensitivity, and therefore may assist in preventing

silent aspiration with development of respiratory failure.

In regard to possible causes of VCP, data did not allow

for a reliable analysis, as initial surgical notes either did not

elaborate on intraoperative lesion or were not available,

and, in the patients who had not been exposed to cervical

surgery, remained idiopathic. According to the findings of

preliminary data in CIONM, in cases of macroscopic intact

RLNs without incidence of direct injury due to mechanical

or thermal affection, traction injury is the most likely

mechanism of injury. In cases of extralaryngeal branching,

a solitary damage to the anterior branch of the nerve may

be responsible for postoperative VCP in anatomically

preserved RLNs; however, these data could not be assessed

in this series [28, 36, 37].

The present study clearly demonstrated that preoperative

laryngoscopy is indispensable for the use of IONM, and

that initial significantly reduced amplitudes may indicate

impaired VC function. Routine application, adherence to

international standards inclusive of pre- and postoperative

laryngoscopy, and knowledgeable solution of pitfall algo-

rithm are prerequisite for realizing the full benefit of IONM

in current clinical practice of thyroid surgery. Compre-

hensive implementation of the previous resulted in recog-

nition of the importance of intraoperative IONM

parameters as valuable information regarding pertinent

functional status and possibly indicating imminent

impairment of RLN function.
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