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Abstract 

Aim: Recurrent laryngeal nerve (RLN) paralysis is a common complication of thyroid surgery. In recent years, 

intraoperative nerve monitoring (IONM) has been used to reduce the risk of RLN paralysis. The purpose of this 

study was to assess the role of IONM in reducing RLN paralysis. 

Methods: A retrospective clinical study was conducted between January 2015 and January 2017 in a two-center-

clinical trial at Lutfiye Nuri Burat State and Haseki Teaching and Research Hospitals. Patients who underwent 

thyroidectomy using IONM (Group A, n=100) or direct visual technique (Group B, n=232) were included. 

Patients' files were reviewed for age, body mass index, gender, American Society of Anesthesiologists score, 

calcium levels, complications, duration of operation and follow-up. Postoperative complications were regarded 

as the main outcomes. 

Results: A total of 332 patients (52 male, 280 female) with a mean age of 46.4±12.9 years were enrolled. 30.1% 

of the patients were in Group A (IONM). Bilateral and unilateral thyroidectomies were performed in 70.8% and 

29.2% of the operations, respectively. Operative time was shorter in Group A (76.9±12.0 minutes vs 97.7±27.6 

minutes, p <0.001). There was no significant difference between the two groups in terms of preoperative and 

postoperative calcium levels (p=0.407).There was no statistically significant difference in early RLN paralysis 

rates between the two groups (for Group A and Group B, 10 (10%) and 34 (14%), respectively) (p=0.251) While 

it was not present in Group A, permanent RLN paralysis was found in 10 patients in Group B (4.3%) (p = 

0.035). 

Conclusion: The use of IONM may be useful in reducing the rate of permanent RLN paralysis. 
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Öz 

Amaç: Rekürren laringeal sinir (RLN) paralizisi tiroid ameliyatının bilinen bir komplikasyonudur. RLN 

paralizisi riskini azaltmak için son yıllarda intraoperative sinir monitorizasyonu (İONM) yöntemi 

kullanılmaktadır. Bu çalışmanın amacı İONM kullanılmasının RLN paralizisinin azaltılmasındaki potansiyel 

rolünü değerlendirmektir. 

Yöntemler: Ocak 2015-Ocak 2017 tarihleri arasında çift merkezli, retrospektif klinik bir çalışmada Lütfiye Nuri 

Burat Devlet Hastanesi ve Haseki Eğitim ve Araştırma hastanesinde yapılan troidektomi ameliyatları incelendi. 

Hastalar İONM kullanılarak yapılan troidektomi (Grup A, n=100) ve direkt görsel teknik kullanılarak yapılan 

troidektomi (Grup B, n=232) olarak çalışmaya dahil edildi. Hastaların dosyaları incelenerek yaş, vücut kitle 

indeksi, cinsiyet, ASA skoru, kalsiyum seviyeleri, komplikasyonlar, ameliyat süreleri, takip süreleri incelendi. 

Postoperatif komplikasyonlar esas çıktı olarak belirlendi. 

Bulgular: Çalışmaya tiroid operasyonu yapılan yaş ortalamaları 46,4±12,9 yıl olan 52 erkek, 280 kadın toplam 

332 hasta dahil edildi. Hastaların %30,1’i İONM kullanılan, %69,9’u kullanılmayan grupta idi. Operasyonların 

%70,8’i çift taraflı, %29,2’si tek taraflıydı. İONM grubunda ameliyat süreleri diğer gruptan daha kısa idi 

(76,9±12,0 dakika ve 97,7±27,6 dakika, p<0.001). Preoperatif ve postoperatif kalsiyum seviyeleri açısından iki 

grup arasında anlamlı bir fark saptanmadı (p=0.407). İki grup arasında erken dönem RLN paralizisi oranlarında 

istatistiksel olarak anlamlı fark saptanmadı (Grup A için 10 (%10) ve Grup B için 34 (%14) (p=0.251). İONM 

grubunda kalıcı RLN paralizi saptanmazken, direkt görsel teknikte istatistiksel olarak anlamlı fark oluşturan 

kalıcı RLN paralizi 10 hastada (% 4,3) tespit edildi (p=0,035).  

Sonuç: İONM kullanımı, direkt görsel teknikle karşılaştırıldığında geçici paralizi oranlarında fark olmasa da, 

kalıcı RLN paralizi oranını azaltmada faydalı olabilir. 

Anahtar Kelimeler: Tiroidektomi, Rekürren laringeal, Sinir monitorizasyonu 
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Introduction 

Thyroidectomy is the most common intervention of 

head and neck surgery. The paralysis of recurrent laryngeal nerve 

(RLN) is one grave complication of the thyroid surgery which 

impairs the quality of life. The average incidences of permanent 

and temporary RLN palsies after thyroid operations are high 

(2.3% and 9.8%, respectively) [1]. To keep the rate of nerve 

damage to the lowest, surgical exposure and anatomic 

identification of the nerve during the surgery has been shown to 

be the best way.  

No other cancer of any organ can match the increase in 

the rate of thyroid cancer in the recent years. For example, in 

South Korea the rate of thyroid cancer has increased 15 times 

even though the mortality remained the same [2]. The increase in 

the thyroid cancer has made it a problem of the developed 

countries. In the recent 20 years, the developed countries have 

reported 15 fold increase in the cancer of the thyroid gland. 

Cancers which probably would not have been symptomatic have 

become detectable because of the advances in the screening 

programs and the wider use of ultrasound. This has inevitably led 

to the rise in thyroidectomies.  

Surgical exposure and anatomic identification of the 

RLN during thyroid operations has been shown to provide the 

best way of keeping the incidence of nerve injury to a minimum 

[3]. However, even experienced surgeons may harm the nerve 

due to variability of nerve anatomy and difficulties in nerve 

identification that may occur under challenging conditions [4]. 

Intraoperative nerve monitoring (IONM) during thyroid 

surgery has gained universal acceptance as an adjunct, not only 

for localizing and identifying the RLN but also as a way to 

predict vocal cord function and clarify the mechanisms of RLN 

injury. Neuro-monitoring is a tool that helps to visually identify 

the RLN and predicts postoperative nerve function, which is a 

great advantage over visualization alone; this technique could 

help prevent bilateral palsy [5]. Despite its increasing use, IONM 

is still considered as an adjunctive tool during thyroid surgery, 

taking a secondary role behind the gold standard of direct RLN 

visualization. The RLN paralysis is also a concern for surgeons 

in lawsuits for malpractice, even though it has a low rate [6]. 

The objective of the present retrospective study is to 

evaluate the outcome of thyroidectomies with nerve monitoring 

versus those in which nerve detection is made visually, and 

compare the results to define advantages and disadvantages of 

both procedures, with or without nerve monitoring. 

Material and methods  

The study plan was evaluated and approved by our 

institutional ethics committee of our teaching and research 

hospital. Approval of the local ethic committee was obtained. All 

procedures were in accordance with the Helsinki Declaration of 

1964 and later versions. All patients have already been informed 

and written consent was obtained from all patients before the 

surgery for years indicating that their data could have been used 

in scientific research in the future, since the present study was a 

retrospective study on patients who underwent thyroidectomy 

using either intraoperative laryngeal nerve monitoring or using 

the conventional method with direct visual inspection in the 

general surgery departments of Lutfiye Nuri Burat State Hospital 

ve Haseki Training and Research Hospital between January 2015 

and January 2017. 

Patients younger than 18 years of age or with a previous 

thyroid or laryngeal operation (vocal polyp, nodule or larynx 

cancer) or who had a cerebrovascular disease history or who 

underwent subtotal or unilateral thyroidectomy were excluded 

from the study. The patients underwent laryngeal examination 

prior to the surgery in order to confirm the presence of intact 

vocal cord mobility and laryngeal configuration and for any 

other vocal fold lesions that might impact the outcome. Patients 

who underwent bilateral total thyroidectomy for benign goiter as 

well as thyroid cancer, diagnosed with a fine needle aspiration, 

between 18 and 80 years of age were included in the study.  

The patients' age, medical history and details of the 

surgery were obtained from the patients' medical files. The 

operations were performed by the same surgeons who were 

experienced in the field and by the surgery residents of at least in 

the fourth years of their surgical training of the 5 years under the 

direction and supervision of the previously explained surgeons 

who also assisted the operation.  

The patients were grouped into two: Thyroidectomy 

operations using IONM (Group A) and using direct visual 

inspection technique (Group B). The patients in Group A were 

intubated without administration of neuromuscular blocking 

agents. Endotracheal-based monitoring system (Medtronic NIM, 

Jacksonville, FL, USA) was used to record electromyographic 

activity of the thyroarytenoid muscles during the operation. Two 

electromyography (EMG) recordings were obtained from the 

both recurrent laryngeal nerves. The first one was taken when the 

nerves were detected and identified. Another EMG recording 

was obtained after the thyroidectomy was completed and 

complete homeostasis was achieved. The age, weight, height, 

preoperative diagnosis, American Society of Anesthesiologists 

(ASA) score, specimen size, pathology report, operation time, 

length of the hospitalization period, preoperative and 

postoperative calcium levels, complications, nerve conduction 

velocities and electromyographic activity levels were recorded 

for comparison. The operation time is defined as starting from 

skin incision to closure.  

The larynx and vocal cord examinations were 

performed for all patients both before the surgery and in the early 

postoperative period. If dysphonia or vocal cord injury were 

encountered, follow-up examinations with indirect laryngoscopy 

were performed on the 3rd and 9th months. If the dysfunction 

and clinical dysphonia lasted more than 12 months in the 

postoperative period, the case was considered as facing 

“persistent nerve palsy”.  

Statistically, the data was analyzed with SPSS 15.0 for 

Windows. The descriptive statistics were given as 

mean±standard deviation, with minimum and maximum for 

quantitative variables, and as percentages for categorical 

variables. When quantitative variables had normal distribution 

pattern, Student t Test was employed for 2 independent samples 

and One Way Analysis of Variance (ANOVA). If the data was 

non-normally distributed, Mann Whitney U test was used for two 

independent samples and Kruskal Wallis analysis for more than 

two independent samples. The subgroup analysis for the 

nonparametric group was carried out with Mann Whitney U test. 

The rates were compared with chi-square analysis. Monte Carlo 

simulation was applied when necessary. Results were considered 

statistically significant when p value was less than 0.05. 

Results 

As a whole, the mean age was 46.4±12.9 years. Three 

hundred thirty two patients, of which 52 (15.7%) were males and 

280 (84.3%) were females, had been included. While 100 (87 

males, 13 females) were operated with IONM (Group A), the 

remaining 232 (193 males, 39 females) were operated without 

IONM (Group B). Average operation time was 90.7±25.7 (45-

180) minutes. Two hundred and thirty five (70.8%) operations 

were bilateral, and 97 (29.2%) operations were unilateral.  

The study group had no operative and postoperative 

mortality. There were 10 (3%) unilateral vocal cord paralysis at 
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9th month and there was no persistent hypocalcemia. Ten 

patients (3%) suffered non-life threatening hematomas, and 36 

(10.6%) patients had transient hypocalcemia. The preoperative 

mean calcium level was 8.6±0.5 mg/dL when compared to the 

postoperative level which was 8.3±0.9 mg/dL (Table 1). The 

operation duration in Group A was shorter than Group B as 

76.9±12.0 minutes vs 97.7±27.6 minutes, respectively (Table 2). 
 

Table 1: Demographic and clinical features of the patients (n=332). 
 

Parameter   

Age (year) µ  46.4±12.9 

Operation time (min) µ  90.7±25.7 

Preoperative calcium (mg/dL) µ  8.6±0.5 

Postoperative calcium (mg/dL) µ  8.3±0.9 

Gender β Male  52 (15.7) 

 Female  280 (84.3) 

Usage of IONM β IONM   100 (30.1) 

 Non-IONM  232 (69.9) 

Side β Bilateral  235 (70.8) 

 Unilateral  97 (29.2) 

Vocal cord failure β 24 hours 44 (13.3) 

 3 months 18 (5.4) 

 9 months 10 (3.0) 

Complications β No complication  286 (86.1) 

 Hematoma 10 (3.0) 

 Hypocalcemia  36 (10.8) 

Co-morbidities β  6 (1.8) 
 

µ: mean±standard deviation, β: n(%), IONM: Intraoperative nerve monitoring 
 

Table 2: Comparison of the groups 
 

Parameter  
With IONM 

(Group A) 

Without IONM 

(Group B) 
 

  N N p 

Operation time µ 

(minutes) 
 76.9±12.0 96.7±27.6 0.001 

Preoperative 
calcium levels 

(mg/dl) µ 

 8.6±0.5 8.6±0.5 0.407 

Postoperative 
calcium levels 

(mg/dl) µ 

 8.4±0.7 8.3±1.0 0.743 

Gender β Male  13 (13) 39 (16.8) 0.381 
 Female  87 (87) 193 (83.2)  

Side β Bilateral  78 (78) 157 (67.7) 0.058 

 Unilateral 22 (22) 75 (32.3)  
Vocal cord failure β 24 hours 10 (10) 34 (14.7) 0.251 

 3rd  month 0 (0) 18 (7.8) 0.004 

 9th month 0 (0) 10 (4.3) 0.035 
Complications β No complication 88 (88) 198 (85.3) 0.777 

 Hematoma 3 (3) 7 (3.0)  

 Hypocalcemia 9 (9) 27 (11.6)  
Co-morbidity β  6 (6) 0 (0) 0.001 

 

µ: mean±standard deviation, β: n(%), IONM: Intraoperative nerve monitoring 
  

When we evaluated the patients according to the 

employment of IONM as a whole, there was significant 

difference between the overall operation duration between the 

groups. There was no difference among preoperative and 

postoperative calcium levels (p=0.407). There was also no 

difference between gender and the laterality of the operation 

between the two groups, either (p=0.381). Considering the 

postoperative complications, each group had a rate of 3% for 

development of hematomas and there was no difference between 

the incidence of hypocalcemia (9% vs 11.6%, p=0.777). 

However, there were 10 (10%) and 34 (14.7%) cases of vocal 

cord disturbances in Group A and Group B, respectively, in the 

early postoperative vocal cord examination within 24 hours after 

the operation (p=0.251).  

On the vocal cord examination in the 3rd month, there 

was no persistent laryngeal nerve damage in Group A, but there 

were 18 (7.8%) patients with persistent laryngeal nerve damage 

in Group B (p=0.004). There were 10 (4.3%) patients who still 

had laryngeal nerve damage in Group B in the 9th month 

contrary to the absence of persistent laryngeal nerve damage in 

Group A (p=0.035). 

Discussion 

Since we are on the process of adopting IONM in our 

surgery departments, the present study was conducted by the 

cooperation of two surgical departments. Although there was no 

significant difference between the groups in the early 

postoperative nerve palsy rates (10% and 14.7%), in the follow-

up, there were more persistent nerve palsy cases in the patients 

without IONM (0% and 4.3%). 

The most important complications of thyroidectomy are 

recurrent nerve palsy and hypoparathyroidism among other 

potential surgical complications like hematomas. The nerve palsy 

may lead to voice alterations as well as aspiration and related 

health consequences.  

The incidence of recurrent nerve palsy has been 

reported between less than 1% and up to 20% [7]. Even in 

experienced centers, the authors have reported rates of injury to 

the recurrent nerve causing persistent palsy around 1-2% [8, 9]. 

In a large multicenter study evaluating more than 27 

000 nerves at risk for surgical trauma, it has been argued that the 

outstanding factor in the success of thyroid surgery is the 

surgeon's individual performance; the meticulous dissection, 

identification and preservation of the recurrent nerves [10]. In 

another study, which the surgeons were stratified according to 

their experiences, it has been shown that surgeons with 

experience more than a hundred thyroidectomies had lowest 

complication rates and shorter hospital stay [11]. 

In a prospective study about the thyroidectomies 

performed by experienced surgeons, 8% of the cases presented 

symptoms of nerve injury at early evaluation but only one in 301 

patients had persistent symptoms in the long term follow up [12].  

In addition to the surgeons experience, there are several 

factors which put the nerve at high risk, the underlying disease 

(substernal goiter, malignancy, Graves disease), as well as the 

extent of resection. Lahey et al [13] reported that careful 

dissection of the recurrent nerve decreased the number of injured 

recurrent laryngeal nerves hence advocating the dissection of the 

nerve almost in every case. However this may not be so easy 

under several circumstances such as cancer excision, anatomic 

distortion of large tumors, anatomic anomalies, history of 

radiation and inflammation [7]. 

Nerve monitoring has been introduced in order to help 

the surgeons to identify the recurrent nerve intraoperatively [14]. 

There are several arguments in favor of neuro-monitoring, the 

ability of the surgeon to correctly identify the nerve, to maintain 

reliable prediction about its functional integrity of the nerve 

before the end of the operations to cancel bilateral surgery, to aid 

the surgeon for guidance in difficult situations like cancer or 

recurrent operations [15].  

Neuronal integrity method (NIM) requires a particular 

endotracheal tube with electrodes for the vocal cord embedded 

into the wall of the tube. NIM is one of the most common used 

methods of nerve monitoring [16]. However, it is not the 

surgeons' skills only; the endotracheal tube with the electrodes 

needs to be placed accurately by the anesthesiologist to be in 

contact with the vocal cords [17, 18].  

Many attempts have been made in recent years to 

investigate the role of IONM as an essential tool for RLN 

identification, but there has been conflicting reports, not yet 

enough to establish the role of NIM as a confirmed tool to aid the 

surgeon in thyroidectomies. 

One argument against the efficiency of NIM in several 

papers is that it does not reduce the operation time [1]. For 

example, Stevens et al [19] reported a longer mean operation 

time of 180 minutes of the IONM group vs 130.5 minutes for the 

visual nerve inspection only group. On the contrary, Sari et al. 
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[7] reported a shorter operation time as 65.4±31 minutes for the 

IONM group than 79.1±30 minutes for the visualization group. 

Chan et al [20] reported 119±51 minutes vs 116 ± 37 minutes, 

hence very close figures for the IONM and visual inspection 

groups, respectively. Dionigi et al [21] reported closer mean 

operation time results as 97.6 vs 95.0 minutes for IONM and 

without IONM groups, respectively. In our evaluation of the 

patients according to the employment of IONM, there was a 

significant difference between the overall operation duration 

time between the groups. The length of operation in IONM 

group was shorter than the non-IONM group as 76.9±12.0 vs 

97.7 ±7.6 minutes. Thus, our study clearly confirms that in a 

setting where residents are trained and IONM has become 

somewhat habitual, the operation period might actually shorten 

because of spending less time for a meticulous and careful 

dissection of the nerve. This may be the result of saving extra 

time taken to assure the safety of the operation in a teaching 

hospital; however, any tool cannot be a substitute for the guiding 

hand of an experienced instructor.  

In regard to RLN, several studies may be mentioned 

favoring or being against for the employment of IONM. In one 

study, the authors retrospectively compared 656 cases of thyroid 

cancer patients who underwent bilateral thyroidectomy with 

IONM and by visual detection. In this study, it has been shown 

that differences were not statistically significant [22].  

In a famous large prospective German study, the 

authors found out that the use of IONM significantly decreased 

the early RLN palsy rates from 4.9% to 3.3%, and they reported 

that IONM was beneficial in high-risk procedures such as 

recurrent goiter, thyroid carcinoma and extended resections [16].  

When the debate around the subject was becoming more 

complicated, several meta-analyses have been made and meta-

analyses of those overlapping meta-analyses have been 

performed. In one meta-analysis of 9,203 patients and 17,203 

nerves at risk, incidence of overall, transient, and persistent RLN 

palsy in IONM group were 3.15%, 1.82%, and 0.67%, 

respectively, whereas for the visual detection group, they were 

4.37%, 2.58%, and 1.07%, respectively. The presented data 

showed benefits of reducing RLN palsy rate by using IONM, but 

without statistical significance for persistent RLN palsy rate. In 

addition, it was proposed that patients with thyroid cancer who 

undergo total thyroidectomy using IONM, the outcome may 

improved by reducing amount of residual thyroid tissue [23]. 

Wong et al [24] reviewed 10 studies for high risk 

thyroidectomies namely re-operation, thyroidectomy for 

malignancy, thyrotoxicosis or retrosternal goiter and found that 

IONM had significantly lower rate of overall (4.5% vs. 2.5%) 

and temporary (3.9% vs. 2.4%) RLN palsy in overall high-risk 

thyroidectomies than they are for the visual investigation group. 

They concluded that selective use of IONM during high-risk 

thyroidectomy decreased the rate of overall RLN palsy. IONM 

should be used for re-operative thyroidectomy and operations for 

cancer [24].  

Another meta analysis based on five randomized 

clinical trials and 12 comparative trials evaluating 36,487 at-risk 

nerves were included. Statistically significant differences in 

terms of total recurrent laryngeal nerve palsy as 3.37% with 

intra-operative nerve monitoring and 3.76% without IONM and 

transient recurrent laryngeal nerve palsy as 2.56% with IONM 

and 2.71% without IONM were identified. The persistent 

incidence of recurrent laryngeal nerve palsy was 0.78% for 

IONM and 0.96% for visual nerve identification alone. Based on 

this meta-analysis, statistically significant differences were 

determined in terms of the incidences of total and transient 

recurrent laryngeal nerve palsy after using IONM during 

thyroidectomy. However, no statistically significant differences 

were identified regarding the incidence of persistent recurrent 

laryngeal nerve palsy between the groups [25]. 

Pisanu et al [26] found that there was no statistically 

significant difference in the incidence of RLN palsy when using 

IONM during thyroidectomy. The rates of overall RLN palsy per 

nerve at risk were 3.47% using IONM and 3.67% without using 

IONM. The rates of transient RLN palsy per nerve at risk were 

2.62% and 2.72% in the groups with and without IONM, 

respectively. The rates of permanent RLN palsy per nerve at risk 

were 0.79% in patients with IONM compared to 0.92% without 

IONM [26].  

Although there was no difference between the groups 

with and without IONM in the present study in the early 

postoperative nerve palsy rates (10% and14.7%, respectively), in 

the follow-up, there were more persistent nerve palsy cases in 

Group B (non-IONM group). According to these findings, it may 

be concluded that regeneration of some damaged nerves with 

time is easier due to the less traumatic effect of IONM.  

Sanabria et al [27] could not find a statistically 

significant decrease in the risk of temporary or definitive RLN 

injury. The proponents of routine nerve monitoring claim that its 

use can still be justified for bilateral surgery stating that 

contralateral lobe resection must be avoided after loss of signal 

in the first lobe to avoid the risk of bilateral damage and 

tracheostomy [27].  

Supplementary role of IONM is supported by the 

recommendations by the German Association of Endocrine 

Surgeons’ guidelines for thyroid disease and supported by the 

International Intraoperative Monitoring Study Group’s 

international standards guideline statement [28].  

In conclusion, it may be proposed that NIM or IONM 

may be helpful especially in departments where thyroidectomy is 

performed with lower volumes. Since the high rate of endemic 

goiter in Turkey mandates and forces the performance of 

thyroidectomies even in smaller departments with lower 

volumes, thus IONM may be a useful tool to improve the quality 

of the surgery by using neuro-monitoring. In regard to 

improvement of all patients with transient nerve palsies using 

IONM, regeneration of some damaged nerves with time may be 

easier.  
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