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Introduction

Thyroid surgery is a common operation in the Department 
of Breast and Thyroid Surgery and has been widely carried 
out in clinical practice. Recurrent laryngeal nerve (RLN) 
injury is a common complication of thyroid surgery, 
and unilateral injury may cause hoarseness or accidental 

aspiration, while bilateral injury may lead to dyspnea. 
RLN injury not only has a considerable impact on the 
lives of patients but also has a certain psychological impact 
on patients. In recent years, due to the improvement of 
surgical techniques and the gradual accumulation of surgical 
experience, the injury rate has decreased significantly. 
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However, sporadic reports of RLN injuries remain (1). 
The temporary RLN injury rate has been reported to 
be 3–14%, and the permanent injury rate is 1–3% (2,3). 
At present, increasingly researches focus on the voice 
recovery of patients with RLN injury, from the initial RLN 
anastomosis to gene therapy and stem cell therapy, and 
have achieved corresponding curative effect (4,5). In this 
paper, we investigated the efficacy of immediate end-to-end 
neuroanastomosis after complete injury of the unilateral 
RLN in thyroid surgery, and the outcomes were satisfied, 
which is reported as follows.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/gs-20-633).

Methods 

Study subjects

Thirteen patients who underwent neuroanastomosis for the 
treatment of RLN injury caused by thyroid surgery at the 
Hunan Provincial People’s Hospital between October 2009 
and January 2020 were selected, including two males and 11 
females aged 13–58 years, with a mean age of 39 years. Two 
patients had multinodular goiter (MNG), 10 had papillary 
thyroid carcinoma (PTC), and one had medullary thyroid 
carcinoma (MTC) (Table 1). 

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved by 
committee board of Hunan Provincial People’s Hospital 
Medical Faculty (NO.: 2019117) and informed consent was 
taken from all the patients.

Surgical methods

A 1–2-cm arcuate incision was made at the suprasternal 
notch, and the length of the incision was determined 
according to the needs of the surgery. The upper and lower 
flaps were freed, the deep cervical fascia and cervical linea 
alba were longitudinally incised, the thyroid gland was 
separated and exposed, the masses were palpated, and the 
number of the masses was determined to determine the 
scope of resection. The RLN was exposed, and the inferior 
thyroid artery approach was used to dissect the RLN: the 
lower pole of the thyroid gland was identified, the RLN was 
determined by identifying Simon’s triangle (The triangular 
area between the common carotid artery, the inferior 

thyroid artery and the lateral wall of the trachea), the 
inferior artery was ligated, and then the dissection extended 
up to the larynx along one side of the RLN. The key to 
identifying the RLN lies in patience and meticulousness, 
caution against impatience, and avoidance of alacrity.

Voice assessment

In the examination room with environmental noise  
<45 dBA, all patients were asked to read the poem Quiet 
Night Thoughts aloud with natural tone and volume. After 
the reading was finished, two physicians engaged in voice 
work for more than 3 years jointly rated overall hoarseness 
G using the subjective assessment of voice by auditory 
perception (Grade, Roughness, Breathiness, Asthenia, and 
Strain, the GRBAS score) (6) (grade 0 is normal, grade 1 is 
mildly abnormal, grade 2 is moderately abnormal, and grade 
3 is severely abnormal), and the average value was used for 
final grading. A grade of 0 or 1 after surgery was considered 
voice recovery. 

Results 

A total of 5,389 patients underwent thyroid surgery in our 
hospital from October 2009 to January 2020, 13 of whom 
experienced complete injury of the unilateral RLN, with no 
cases of bilateral RLN injury. The details of the cases with 
unilateral RLN injury are listed in Table 2. 

Causes of injury and treatment process

Of the 13 cases with complete injury of the RLN, in two 
cases, the RLN was cut accidentally due to the altered RLN 
course resulting from compression of the surrounding 
structures caused by the growth of a goiter (Figure 1), and 
the patients’ voices recovered. In eight cases, thyroid cancer 
invaded the RLN, and separating it from the RLN was 
difficult; thus, the invaded RLN had to be removed, end-
to-end anastomosis of the RLN was performed (Figure 2),  
and the patients’ voices recovered. In one case, during 
treatment of small vessel bleeding at the location where the 
RLN enters larynx, the RLN was mistakenly sutured into 
the knot. Subsequently, nerve exploration and ligation site 
resection were performed, end-to-end neuroanastomosis 
was carried out, and the patient’s voice returned to normal. 
In two cases, the transverse thermal spread produced by the 
use of bipolar forceps resulted in complete damage of the 
RLN on one side. The injured nerve was resected as much 
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as possible until reaching the normal nerve, end-to-end 
neuroanastomosis was performed, and the voices of the two 
patients returned to normal after surgery. 

Results of voice recovery

Among the 13 cases, the voice returned to normal in  
11 cases just one day after surgery, and the GRBAS score 
was either 0 or 1. Voice recovery was slow in the two cases 
with thermal injury, requiring 3 and 4 months after surgery, 
but the GRBAS scores also reached 1. By 6 months, the 
voice recovery rate of the patients reached 100%. 

Discussion 

RLN injury is a postoperative complication warranting 
special attention from surgeons during thyroid surgery. 
Once it occurs, RLN injury can cause great physical and 
psychological trauma to patients. Further investigation of 
better RLN protection is necessary. 

The RLN injury classifications are summarized in Table 3, 
and the causes of RLN injury are described in detail below.

Causes of RLN injury (8) 

(I)	 Traction, clamping, and suture damage: The RLN 
is very delicate, its transverse diameter is only 
approximately (1.93±0.35) mm, and it is wrapped 
by only three layers of connective tissues, which are 
the endoneurium, perineurium, and epineurium (9).  
Moreover, when the thyroid gland is pulled inward 

Table 1 Basic information of the patients

No. Time Age (years) Sex Diagnosis 

1 2009.10 45 F MNG 

2 2010.5 32 F PTC 

3 2010.7 56 M PTC 

4 2013.4 13 F PTC 

5 2014.9 23 F PTC 

6 2015.12 47 M MTC 

7 2016.6 58 F PTC 

8 2017.8 34 F PTC 

9 2018.4 40 F MNG 

10 2018.11 33 F PTC 

11 2019.6 51 F PTC 

12 2019.11 38 F PTC 

13 2019.11 35 F PTC 

MNG, multinodular goiter; PTC, papillary thyroid carcinoma; MTC, 
medullary thyroid carcinoma.

Table 2 Intraoperative basic data and postoperative recovery of the patients

No. Anastomotic side Voice recovery Recovery time GRBAS score Cause of injury 

1 Right YES 1 day after surgery 0 Sharp resection 

2 Left YES 1 day after surgery 1 Sharp resection

3 Right YES 1 day after surgery 0 Suture 

4 Right YES 1 day after surgery 1 Sharp resection 

5 Right YES 1 day after surgery 0 Sharp resection

6 Left YES 1 day after surgery 0 Sharp resection

7 Right YES 1 day after surgery 0 Sharp resection

8 Left YES 1 day after surgery 1 Sharp resection

9 Right YES 1 day after surgery 0 Sharp resection

10 Right YES 1 day after surgery 0 Sharp resection

11 Right YES 4 months after surgery 1 Thermal injury 

12 Right YES 1 day after surgery 1 Sharp resection

13 Left YES 3 months after surgery 1 Thermal injury 

GRBAS, subjective assessment of voice by auditory perception, including Grade, Roughness, Breathiness, Asthenia, and Strain.
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during surgery, the RLN at Berry’s l igament 
bears a large traction force, which tends to cause 
intraoperative RLN injury (10), representing the most 

common cause of temporary RLN injury. RLN injury 
caused by traction has not occurred in our recent 
cases, although we cannot overlook the consequences 
that it causes. RLN injury caused by suture and 
ligation occurred in one case in this study.

(II)	 Transection due to indistinct anatomy or tumor 
invasion of the RLN: (i) RLN branch variation: 
Bifurcation of an abnormal branch of the RLN often 
occurs at its intersection with the inferior thyroid 
artery. A close relationship exists between the inferior 
thyroid artery and the RLN. One autopsy study in 
which 160 RLNs were dissected showed that on the 
left side, 86.25% of the RLNs were located behind 
the inferior thyroid artery, 7.5% of the nerves were 
located in front of the artery, and 2.5% of the nerves 
ran between the arterial branches; on the right side, 
75% of the nerves were located in front of the artery, 
10% were behind the artery, and 5% ran between 
the arterial branches. The locations of the remaining 
RLNs were uncertain (11). (ii) Tumor adhesion or 
reoperation: Thyroid tumors or adhesions from 
previous surgery may encapsulate the nerve, resulting 
in difficult dissection or even inadvertent transection, 
leaving the nerve at high risk (12). Reoperation for 
both benign and malignant thyroid diseases has been 
reported to increase the risk of RLN injury (13). (iii) 
A non-RLN (NRLN): RLN injury caused by this 
anomaly occurred in 11 cases in this study, which 
required attention. We believe that this anomaly is 
also related to the fact that some patients did not seek 
timely treatment. 

Table 3 Classification, definition, and severity of RLN injury (7)

Classification Definition Severity 

Traction The RLN running on Berry’s ligament or adhered to the thyroid goiter was pulled and damaged during 
surgery 

Mild 

Mechanical 
injury 

During dissection, the RLN was injured by blunt instruments, contusion, pressure, clamping, aspiration, or 
compression of the trachea by surgical instruments 

Mild-
moderate 

Ligation, 
suture 

During or after nerve dissection, the RLN was ligated or sutured into knots or vascular clips of small vessel 
branches 

Mild-
moderate 

Thermal injury When small blood vessels were ligated or connective tissues were dissected at the tracheal groove, the 
RLN was damaged by direct contact with energy-based devices or transverse thermal spread 

Moderate-
severe 

Complete 
resection

The RLN was inadvertently severed due to being visually misidentified as a blood vessel or a strip of 
connective tissue or due to tumor encapsulation and adhesions 

Severe 

RLN, recurrent laryngeal nerve.

Figure 1 A completely resected RLN. RLN, recurrent laryngeal 
nerve.

Figure 2 Anastomotic RLN. RLN, recurrent laryngeal nerve.
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(III)	 Thermal injury associated with improper use of 
energy devices: (i) energy devices can be too close to 
the RLN while in use. The use of an electric knife 
within 3 mm of RLN has been shown to lead to RLN 
injury (14). Owaki et al. noted that postoperative RLN 
palsy occurred when an ultrasonic scalpel was used 
in thyroid surgery, which may be related to thermal 
damage to surrounding tissues (15). (ii) Excessive 
use of an energy device results in extremely high 
temperatures in the RLN. Lateral heat conduction 
may occur when an energy device is used, and if the 
device is used for too long near the RLN, the RLN 
tends to have an increased temperature and can even 
be injured (Figures 3 and 4). When an ultrasonic knife 
is used in porcine muscle, the temperature inside the 
muscle 1 mm away from the tip of the knife has been 
reported to exceed 62 ℃ for 20 seconds, which almost 
reaches the temperature of protein denaturation (16). 
(iii) Improper use of energy devices: when managing 
small blood vessels at the location where the RLN 
enters the larynx, the use of an energy device in a 

narrow space may cause thermal injury, for example, 
the use of monopolar electrocautery near the RLN for 
electrocoagulation and hemostasis. When the device 
is operated in the area around the nerve, thermal 
injury can destroy cell membranes to disintegrate 
nerve fibers while also destroying the blood supply to 
the nerve, resulting in chronic ischemic changes in 
the nerve. RLN injury due to thermal injury occurred 
in two cases in this study and required attention. At 
the same time, we also noted that the patients with 
thermal injury in this study had slower voice recovery 
than the patients with RLN injuries due to other 
causes. In these two cases, postoperative pathological 
examination showed that one end of the injured 
nerve was not completely removed, which may have 
contributed to the slow postoperative voice recovery 
in the patients with thermal injury of the RLN in this 
study. In future operations, can we use intraoperative 
pathological examination of frozen sections to 
determine whether the injured nerve has been 
completely removed, thereby improving the speed of 
voice recovery in patients with RLN thermal injury?

Treatments of RLN injury

Intraoperative treatment: if clamping, traction, and ligation 
injuries are found, they should be released immediately, 
nerve-nurturing drugs and symptomatic treatment can be 
given after surgery, and in general, patients can recover 
within 2–3 months (17). If the RLN is mistakenly cut, 
resulting in transection injury, end-to-end neuroanastomosis 
should be performed immediately. Performing the 
operation under a microscope if conditions allow is better to 
ensure minimal tension in the anastomosis and to promote 
postoperative neurological recovery as soon as possible. In 
general, patients can recover within 3–6 months (18,19).

Postoperative treatments: if patients develop hoarseness 
within a few days after surgery, which is considered to be 
caused by suture, ligation, or adhesion compression, then 
nerve exploration and decompression should be performed 
as soon as possible, and most patients can recover after 
the suture or adhesion is removed (20). Late postoperative 
treatments include vocal cord injection, thyroplasty, and 
arytenoidectomy, which shift the vocal cords medially to 
improve vocal function. Moreover, laser arytenoidectomy 
with vocal cord fixation enlarges the glottis and improves 
dyspnea (21). Now, there are more and more methods to 
repair RLN injury, such as simple anastomosis of nerve 

Figure 4 A normal RLN stump (HE staining, magnification: 15×). 
HE, hematoxylin-eosin. RLN, recurrent laryngeal nerve. 

Figure 3 A degenerated and necrotic RLN stump (HE staining, 
magnification: 15×): cell degeneration, edema, and decreased 
nuclear staining of the nerve stump are evident. HE, hematoxylin-
eosin. RLN, recurrent laryngeal nerve.
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stump, nerve scaffold, tissue engineering and gene therapy 
(4,5,22).

RLN injury prevention 

RLN exposure: RLN exposure can improve the safety 
of thyroid surgery (23,24). Hermann et al. studied a total 
of 26,323 RLNs in 15,513 patients undergoing thyroid 
surgery, and the rates of permanent RLN injury were 0.4% 
and 1.1% (P≤0.001) in the exposure group (41/10,458) and 
the nonexposure group (174/15,865), respectively (25).  
However, surgeons should focus on avoiding the pursuit 
of full exposure and excessive skeletonization of the RLN, 
which tend to damage the nutrient vessels of the RLN (26).  
If the operation is performed under a magnifier or 
a microscope, the likelihood of nerve injury can be 
minimized.

Refinement of thyroid surgery: We believe that thyroid 
surgery is an “art in surgery”. For the surgeon, a meticulous 
operation determines the efficacy of surgery and the 
postoperative quality of life of the patient. The surgeon 
should be patient, meticulous, and gentle during the 
operation, maintain a clean surgical field, avoid nerve injury 
caused by clamping and excessive traction of the nerve, and 
be aware of the possibility of an NRLN.

Proper use of energy tools: Traction, clamping, and other 
behaviors often injure the epineurium and perineurium, 
while heat conduction often injures the endoneurium 
and causes permanent functional damage (27). Lin  
et al. studied the critical temperature of porcine RLNs 
using the Continuous Intraoperative Neuromonitoring 
(C-IONM) system and found that 60 ℃ was the critical 
temperature (28). These results indicate that if an energy 
device is used improperly, its heat can easily cause damage 
to the RLN, and the thermal damage to the RLN is 
invisible to the surgeon and may not be recognized during 
surgery (29). Therefore, proper use of energy tools is 
extremely important for the surgeon. The energy devices 
commonly used in surgery include an electric knife, bipolar 
electrocoagulation, and an ultrasonic scalpel. Studies have 
shown that the thermal spread produced by the use of an 
ultrasonic scalpel is lower than that produced by the use 
of a monopolar electric knife, and its damage to axons is 
also significantly less severe than that caused by an electric  
knife (30); therefore, proper use of ultrasonic scalpels is 
helpful for dissection of the RLN (31). However, Maeda 
et al. (32) reported that the use of an ultrasonic knife could 
induce temporary RLN palsy when the knife was within  

3 mm of the RLN; thus, a distance greater than 5 mm from 
the RLN was recommended when using an ultrasonic knife. 
In addition, when using an ultrasonic knife, the working 
blade of the ultrasonic knife must be oriented towards the 
thyroid gland, and the protection blade should be oriented 
towards the back. The running time of the ultrasonic knife 
should be short to avoid damage to the RLN caused by 
transverse thermal spread from the ultrasonic knife. Wet 
gauze can also be used in the RLN area when an ultrasonic 
knife is used, which can prevent not only thermal damage 
from the energy device but also hot steam droplets from the 
ultrasonic knife from falling on the surface of the RLN when 
addressing the back of thyroid gland. However, important 
anatomical structures should not be contacted by the blade 
immediately after use, which may cause thermal injury.

Application of an RLN monitoring system: Intraoperative 
Neuromonitoring (IONM) is used in 20–40% of thyroid 
surgeries (33). IONM is a technique that can assist in 
identifying the RLN and judging its function. Determining 
the approximate course of the RLN, identifying an NRLN, 
and monitoring the function of the RLN are helpful. 
Because energy devices carry the risk of thermal injury 
to the RLN, IONM can guide the use of these devices 
and reduce their risk of damaging the RLN. However, 
many different views on IONM exist, and some scholars 
suggest that the use of IONM can reduce the incidence of 
RLN injury (34). Higgins et al. conducted a meta-analysis 
on the data of 64,699 patients and found no significant 
difference in the incidence of RLN injury when comparing 
operations with IONM to those performed under direct 
visualization alone (35). However, IONM is beneficial 
for neuroprotection in patients who require surgical 
treatment for thyroid malignancy, thyroid reoperation, a 
retrosternal goiter, existing unilateral vocal cord paralysis, 
and contralateral lobes (36). At present, extensive data are 
needed to further confirm the clinical value of IONM. In 
the last few years, the new technique which is Continuous 
Intraoperative Neuromonitoring (C-IONM) has emerged. 
Compared with IONM, this technique can improve 
the amplitude of neural signals in real-time surgery and 
determine the risk of RLN injury at vagal latency (37). We 
believe that C-IONM has broad application prospects.

However, several shortcomings exist in this study. (I) No 
postoperative objective voice examination was performed 
in a timely manner; in this study, only a subjective voice 
examination was performed, and an objective voice 
examination was not performed to avoid unnecessary 
doctor-patient disputes because the doctor-patient 
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relationship in China is still relatively intense. (II) No 
relevant animal experiments were performed. In this study, 
we investigated RLN function after anastomosis and found 
that timely intraoperative end-to-end neuroanastomosis 
was feasible for ensuring the patient’s vocal function, but 
it has not been further explored from the perspective 
of electrophysiological recovery. (III) In this study, 
several patients had to undergo resection of the diseased 
RLN followed by end-to-end neuroanastomosis due to 
tumor invasion of the RLN (Figure 5), and we could not 
macroscopically determine whether the nerve resection 
margin still had cancer tissue invasion. If anastomosis of 
the resection margins containing residual cancer tissue is 
compared with anastomosis of clean resection margins, 
could the postoperative recovery of a patient’s vocal 
function be different?

Based on the gradual promotion of advanced surgical 
instruments and IONM in clinical practice, surgeons 
can avoid RLN injury as much as possible. Even if the 
unilateral RLN is completely injured, immediate end-to-
end anastomosis of the RLN can maximize preservation of 
the postoperative vocal function of patients. 
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