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Background: Recurrent laryngeal nerve injury (RLNI) still occurs in total endoscopic
thyroidectomy (TET) by using intraoperative neuromonitoring (IONM). As the region
where most injuries occur, more attention should be paid to RLNI near the nerve entry
point (NEP) in TET.

Materials and Methods: This cohort study collected retrospectively data from 415 patients
who underwent TET between February 2012 and December 2019. The functions of the
recurrent laryngeal nerve (RLN) in TET were recorded by IONM. The patients with RLNI
near the NEP were followed up by laryngoscopies. The demographic and clinical character-
istics, the mechanisms of RLNI, and the outcomes of RLNI were recorded and analyzed.
Results: There were a total of 444 at-risk nerves in 405 patients were analyzed. The
incidence of RLNI near the NEP was 7.9%. RLNs with extralaryngeal branches were more
likely to be injured near the NEP (P = 0.037). The incidences of different types of RLNI, in
order of frequency, were 68.8% for thermal injury (n = 22), 28.1% for traction/compression
injury (n = 9), and 3.1% for transverse injury (n = 1). A total of 93.8% (n = 30) of RLNI
patients had complete recovery of vocal cord activity function.

Conclusion: The extralaryngeal branch was a risk factor for RLNI near the NEP in TET.
Thermal injury caused by an ultrasonic scalpel was the most common cause of RLNI near
the NEP. Most RLNIs near the NEP would eventually recover.

Keywords: thyroid surgery, total endoscopic thyroidectomy, recurrent laryngeal nerve
injury, intraoperative neuromonitoring, recovery time

Introduction
Surgery is the main method for the treatment of thyroid cancer, but conventional
open thyroidectomy (COT) can leave an obvious, permanent scar in the front of the
neck. Surgeries are needed for an increasing number of young women with thyroid
cancer. These patients are concerned about not only the safety of surgery but also
the postoperative cosmetic effect. In 1996 and 1997, Gagner' and Hiischer’ com-
pleted the first endoscopic parathyroid and thyroid surgeries, respectively. Total
endoscopic thyroidectomy (TET) can provide a good neck cosmetic effect and
improve the postoperative quality of life because of the small and hidden incisions.
Recurrent laryngeal nerve injury (RLNI) is one of the common complications of
thyroidectomy, which can lead to postoperative vocal cord palsy (VCP). In thyroid
surgery, the incidence of RLNI can be reduced by routine visual identification of the
recurrent laryngeal nerve (RLN).>® The literature shows that the overall incidence
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of VCP after thyroid surgery is 4-8%, and the incidence of
permanent VCP is 1-2%.”* In addition, the use of intrao-
perative neuromonitoring (IONM) can also help to identify
RLNI and reduce the risk of RLNL'*

RLNI still occurs at times in TET with the help of
routine visual identification and IONM. Some studies
have confirmed that the incidence of RLNI in TET is
higher than that in COT.">*? In addition, it was found
that the nerve entry point (NEP) into the larynx was
a common region of nerve injury in COT.>® However,
RLNIs near the NEP in TET have rarely been studied,
and the mechanisms of RLNI in TET might be different
from those in COT. Therefore, the purpose of this study
was to describe the potential mechanisms of RLNI near
the NEP in TET and to provide instruction for the thyroid
surgeons.

Materials and Methods

Patient Selection

This retrospective cohort study collected data from a total
of 415 patients who underwent TET due to thyroid papil-
2012
December 2019. Patients were informed of the study con-

lary  carcinoma  between  February and
tent in both written and oral forms before the operation
and signed informed consents. All patients underwent
laryngoscopies before the operations so that the move-
ments of the vocal cord were determined. The research
protocol has been approved by the Medical Ethics
Committee of Qilu Hospital of Shandong University
(Project identification code: 2018149). This study has
been registered in the ResearchRegistry (UIN: resear-
chregistry5594).  This
Declaration of Helsinki.

In this study, an RLNI near the NEP was defined as

a nerve injury occurring within 1 cm from the NEP. The

study complied with the

inclusion and exclusion criteria of TET and RLNI near the
NEP are shown in Table 1. The demographic data, surgical
anatomy, postoperative VCP, and recovery time were
recorded in this study. According to whether RLNI
occurred or not, patients were divided into two groups to
evaluate the risk factors for RLNI near the NEP. Then, the
mechanisms of RLNI and the subsequent outcomes of
VCP were analyzed. To further determine the effect of
left and right thyroidectomy on RLNI near the NEP,
a subgroup analysis was performed in the patients who
underwent total lobectomy. The retrospective cohort study
was designed according to the flow chart in Figure 1.

Table | Eligibility and Exclusion Criteria for the Study

Selection criteria for TET

Dominant tumor size < 20 mm

Thyroid US estimated volume < 30 mL

Low-risk papillary thyroid cancer

Exclusion criteria for TET

Dominant tumor size > 20 mm

Thyroid US estimated volume > 30 mL

Previous neck or breast surgery

Preoperative VCP

Locally advanced papillary thyroid cancer

Hyperthyroidism

Suspicious lateral or central neck lymph node metastasis

Distant metastasis

Intraoperative cancer invasion of RLN

Exclusion criteria for RLNI near NEP

Without a record of preoperative or postoperative laryngoscopy

RLNI cause that could not be explained or identified by IONM

IONM device failure

Intentional RLNI because of cancer invasion

RLNI > | cm from the NEP

Abbreviations: TET, total endoscopic thyroidectomy; US, ultrasound, VCP vocal
cord palsy; RLN, recurrent laryngeal nerve; RLNI, recurrent laryngeal nerve injury;
NEP, nerve entry point; IONM, intraoperative neuromonitoring.

Surgical Technique and IONM Equipment
All TETs were performed by the same surgical team,
including an experienced thyroid surgeon and two assis-
tants. The operation was performed under general anesthe-
sia, and a half dose of neuromuscular blocker was used
during anesthesia induction. A 1-cm vertical incision was
made near the sternum or the inner edge of the right
mammary areola to serve as the observation hole, and
a 5-mm incision was made at the edges of the left and
right areola borders respectively as the operation hole.
After the strap muscles were pulled laterally using special
retractors, a monopolar stimulator probe was percuta-
neously punctured 3 cm above the ipsilateral clavicle to
help identify and locate the RLN. After the RLN was
found at the lower pole of the thyroid gland, it was
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Patients underwent TET between February 2012 and December 2019

(n=415)

!

VCP conformed by laryngoscopy

Exclusion criteria

Included patients
(n=407)

A

Follow-up

Excluded (n=8):

-without record of preoperative or postoperative laryngoscopy (n=2)
-RLNI could not be explained or identified by IONM (n=1)

-IONM device failure (n=1)

-intentional RLNI because of cancer invasion (n=2)

-RLNI > 1 cm from the NEP (n=2)

A

A

Loss to follow-up (n=2)

Temporary VCP and record recovery time

A

Permanent VCP

!

<Co|lect data and perform statistical analysis>

(n=405)

Figure | The flow chart of the study.

Abbreviations: TET, total endoscopic thyroidectomy; VCP, vocal cord palsy; RLNI, recurrent laryngeal nerve injury; IONM, intraoperative neuromonitoring; NEP, nerve

entry point.

dissected to the NEP. In order to minimize traction injury,
excessive pulling of the thyroid lobe was avoided as much
as possible. The RLN was bluntly dissected and then the
fiber bundles or blood vessels were cut off, until the whole
nerve was exposed to further avoid traction injury. The
ultrasonic scalpel was fired when the distance between it
and the RLN was at least 3 mm.

Intermittent IONM (3.0 Nim response system EMG
endogenous tube; Medtronic, Minneapolis, MN, USA)
was used to help identify the RLN and evaluate the func-
tion of the RLN in a standard four-step procedure.”*
Standard equipment setup for induction and maintenance
of anesthesia, tube positioning verification tests, EMG
definitions, and troubleshooting algorithms were imple-
mented and managed following the guidelines of the
International Neural Monitoring Study Group.*

Identification and Mechanisms of RLNI
Intraoperative loss of signal (LOS) is defined as an absence of
biphasic waveform EMG with a stimulation intensity of 1.0

mA and an event threshold of 100 mV. During the surgery,
the function of the RLN was repeatedly evaluated after each
step of dissecting the RLN or cutting off the Berry’s ligament
to determine the time and location of nerve injury and the
corresponding injury mechanism (such as traction/compres-
sion, thermal, transection, or clamp injury). When the inter-
ruption point of nerve conduction was verified, the RLN
function was detected from the NEP of the RLN at the current
intensity of 1.0 MA.?*** If the signal was obtained, the RLN
at the proximal position continued to be tested until
a response could not be elicited. Conversely, the exposed
RLN was then tested from the proximal portion to the distal
portion until a monitoring signal was obtained.***’

The RLNI was defined as thermal injury when LOS
occurred immediately after the use of an ultrasonic scalpel
near the RLN. Additionally, an ultrasonic scalpel was used
after the function of RLN was verified normal. If nerve
discontinuity was found, the RLNI was defined as transverse
injury. For the patient with LOS after inadvertent clamping
of the RLN, the RLNI was classified as clamp injury. It can
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be difficult to strictly distinguish traction and compression
injuries in TET, as both can occur at the same time. If the
RLNI could not be explained by the above injury mechan-
isms, especially when the RLN passed through the Berry’s
ligament or the RLN had an upward inflection point, the
RLNI was defined as traction/compression injury.

Follow-Up

All patients with RLNI were followed up by laryngosco-
pies for 6 months. The laryngoscopy was performed initi-
ally within 7 days after the operation. If the vocal cord
activity decreased, it was defined as postoperative VCP.
During the first month of follow-up, the patients were
followed up once a week, and subsequently once every
two weeks until the vocal cord activity recovered.
Permanent VCP was considered if the vocal cord activity
did not recover by the 6-month follow-up visit. Recovery
time was measured as the time interval (days) from sur-
gery to the recovery of vocal cord activity.

Statistical Analysis

Assuming a 10% loss due to follow-up, at least 374 at-risk
nerves were needed to achieve 90% power at a 5% sig-
nificance level on the basis of the practical experience and

the rate of RLNI in TET described
15-22

in previous
publications.

Statistical analysis was carried out using IBM SPSS
Statistics for Windows, version 21.0 (IBM Corp., Armonk,
N.Y., USA). Continuous variables were statistically
described as the mean + standard deviation and statisti-
cally inferred by a T7-test or Mann—Whitney U-test.
Categorical variables were statistically described as fre-
quency (percentage), and the statistical inference was car-
ried out by a Chi-square test or Fisher’s exact test.
Statistical significance was defined as P value <0.05.

Results
A total of 415 patients received TET, of which 8 patients
were excluded (Figure 1). During the follow-up period, 2
patients were lost because they could not be contacted.
Ultimately, a total of 405 patients (444 at-risk nerves) met
the inclusion criteria and completed the follow-up (404
females and 1 male, with an average age of 34.6 = 7.1
years and a range of 1948 years). The results showed that
age, sex, operation method, gland lobe volume, tumor size,
operative time, and Hashimoto’s thyroiditis were not
related to RLNI near the NEP (Table 2). However, patients
with branched RLN were prone to suffer from RLNI near
the NEP (P=0.037). In addition, the length of hospital stay
of patients with RLNI near the NEP was increased
(P=0.025).

A total of 32 patients (7.9%) had RLNI near the NEP
(Table 3), though there was no patient with simultaneous

Table 2 Clinical Information of Enrolled Patients Grouped Based on RLNI

Variables RLNI+ (32 Patients, 37 Nerves) RLNI- (373 Patients, 407 Nerves) P
Age, year (min-max) 36.5+6.7 (23-47) 34.4+7.2 (19-48) 0.120
Sex 0.769
Male, n (%) 0 (0%) I (0.3%)
Female, n (%) 32 (100%) 372 (99.7%)
Volume of the thyroid lobe, mL (min-max) | 19.2+3.6 (12-25) 17.9+4.3 (11-27) 0.085
Dominant tumor diameter, mm (min-max) | 14.1+4.0 (7-20) 12.8+4.3 (6-20) 0.084
Procedure 0.231
TT, n (%) 5 (15.6%) 34 (9.1%)
TL, n (%) 27 (84.4%) 339 (90.9%)
Operative time, min (min-max) 90.0£21.9 (60-150) 84.1£19.1 (55-150) 0.101
RLN branch, n (%) 14 (37.8%) 92 (22.6%) 0.037*
HT, n (%) 14 (43.8%) 113 (30.3%) 0.115
Hospital stay, days 5.3+0.7 (4-7) 4.9+0.8 (3-6) 0.025%

Note: * P<0.05.

Abbreviations: RLNI, recurrent laryngeal nerve injury; TT, total thyroidectomy; TL, total lobectomy; RLN, recurrent laryngeal nerve; HT, Hashimoto’s thyroiditis.
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Table 3 Characteristics of the 32 Injured RLNs

No. Sex/Age(y) Side RLN Branch Mechanism Outcome Recovery Time,
(Days)

| F/32 L + Traction/Compression Temporary 10
2 F/35 L - Traction/Compression Temporary 14
3 F/47 L + Thermal Temporary 14
4 F/32 R + Traction/Compression Temporary 14
5 F/37 L + Traction/Compression Temporary 14
6 F/33 L - Thermal Temporary 49
7 F/40 L + Thermal Temporary 42
8 F/42 L + Traction/Compression Temporary 10
9 F/33 L + Thermal Temporary 21
10 F/46 L + Thermal Temporary 19
I F/38 R + Traction/Compression Temporary 42
12 F/45 R - Thermal Temporary 4?2
13 F/38 L + Traction/Compression Temporary 14
14 F/35 R + Thermal Temporary 21
15 F/40 L + Thermal Temporary 28
16 F/46 R + Thermal Temporary 21
17 FI26 R + Thermal Temporary 21
18 F/23 R - Thermal Temporary 74
19 F/47 R - Traction/Compression Temporary 27
20 F/45 L - Traction/Compression Temporary 27
21 Fr27 R - Thermal Temporary I
22 F/34 L - Thermal Temporary 23
23 F/35 L - Thermal Temporary 54
24 F/42 R - Thermal Temporary 25
25 F/26 L - Thermal Temporary 14
26 F/41 L - Thermal Temporary 24
27 F/37 R - Thermal Temporary 14
28 F/26 R - Thermal Temporary 27
29 F/32 R - Thermal Temporary 117
30 F/39 R - Thermal Temporary 14
31 F/33 L - Thermal Permanent -
32 F/35 L - Transection Permanent -

Abbreviations: RLN, recurrent laryngeal nerve; F, female; L, left; R, right.

bilateral RLNI. There was no patient with conversion to
COT due to LOS. The order of RLNI near the NEP was
thermal injury (68.8%; n=22), traction/compression injury
(28.1%; n=9), and transverse injury (3.1%; n=1) (Table 4).
No patients suffered from clamp injury. The incidence of
temporary VCP was 7.4% (n=30), and there were 2

Table 4 Mechanisms and Recovery Outcomes in RLNI

patients with permanent VCP. Out of the patients with
thermal injury, there was one patient who suffered from
permanent VCP, and the other patients suffered from tem-
porary VCP. All the patients with traction/compression
injury suffered from temporary VCP. The total recovery
time of VCP was 28.2+22.4 days (Table 4). The recovery

Type of Injury No. n (%) Permanent VCP n (%) Temporary VCP n (%) Recovery Time, Days P
Traction/Compression 9 (28.1%) 0 9 (30.0%) 16.8+6.6
Thermal 22 (68.8%) I (50%) 21 (70.0%) 33.14£25.0 0.066
Transection 1 (3.1%) I (50%) 0 No recovery -
Total 32 2 30 28.2+22.4

Abbreviations: RLNI, recurrent laryngeal nerve injury; VCP, vocal cord palsy.
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of the traction/compression injury group was faster than
that of the thermal injury group, but there was no signifi-
cant difference (P=0.066) (Table 4). The shortest recovery
time of transient VCP was 10 days of traction injury, and
the longest was 117 days of thermal injury. Although the
only one patient with a transverse injury received endo-
scopic neuroanastomosis, the vocal cord movement had
not recovered 6 months after the operation. In addition,
there were 3 patients (8.6%; 3/35) for whom normal nerve
signal transduction was restored during the operation by
alleviating the traction of glands and changing the traction
angle as soon as the LOS was found.

There were more patients with left RLNI than with
right RLNI. Therefore, to further investigate the effect of
left and right thyroidectomy on RLNI near the NEP, the
patients who underwent total lobectomy were further
divided into a left lobectomy group and a right lobectomy
group. Based on the statistical analysis, it was found that
the age, sex, gland lobe volume, tumor size, RLN branch,
operative time, Hashimoto’s thyroiditis, and hospital stay
of both groups were comparable and that RLNI near the
NEP was prone to occur in left lobectomy (P=0.023)
(Table 5).

Discussion

Although TETs were performed in patients with smaller
gland lobe volume and tumor size, and hyperthyroidism
was also excluded, the incidence of RLNI near the NEP

(7.9%) was higher than the reported incidence of 5.1% in
COT.?® In other studies, the overall incidence of RLNI in
TET (2.1%-15%) was also higher than that in COT (0—
4.6%).">*? Extralaryngeal branch is the most common var-
iant of the RLN. In this study, the incidence of extralaryngeal
branch in the RLNI-positive group was higher. In previous
studies, extralaryngeal branches of the RLN were found in
18.5-72% of patients.*** As reported in some studies,
RLNI was more likely to occur if the RLN branched near
the Berry’s ligament.>> >’ The RLNs in about 25% of
patients passed through the Berry’s ligament,*® which was
more prone to injury during RLN dissection because the
branched RLN was thinner and more fragile.

In this study, it was found that thermal injury was the
most common cause of RLNI near the NEP in TET. Our
result differed from the results from the previous studies
on COT. Chiang et al described 15 cases of RLNI in 173
RLNSs, of which 80% were caused by traction injury, 13%
were caused by clamp injury and 7% were caused by
compression injury, though there was no thermal injury.**
Snyder et al analyzed 25 cases of nerve injury in 680
RLNs and found that 56% were traction injuries, 12%
were transverse or ligation injuries, 8% were compression
injuries, and there was no thermal injury.** The wide use
of energy-based devices increased the number of cases of
thermal injury.** Although the RLN was more easily
exposed and located with the help of the magnifying effect

of the endoscope, the thermal injury of the ultrasonic

Table 5 Characteristics of Patients Stratified by Thyroidectomy Side (Only for the TL)

Variables Left Lobectomy (142 Patients) Right Lobectomy (224 Patients) P
Age, year (min-max) 33.9+£7.7 (19-48) 34.4+7.2 (23-48) 0.076
Sex 0.425
Male, n (%) 0 (0%) | (0.5%)
Female, n (%) 142(100%) 223 (99.5%)
Volume of the thyroid lobe, mL (min-max) 17.9+4.3 (11-27) 18.2+4.3 (11-27) 0.578
Dominant tumor diameter, mm (min-max) 13.2+4.3 (6-20) 12.9+4.3 (6-20) 0.393
RLN branch, n (%) 36 (25.4%) 70 (31.3%) 0.225
Operative time, min (min-max) 86.5+20.8 (55-150) 83.1%£19.2 (55-145) 0.114
HT, n (%) 43 (30.3%) 84 (37.5%) 0.157
Hospital stay, days 5.0+£0.9 (3-7) 4.9+0.8 (4-6) 0.055
RLNI, n (%) 16 (11.3%) Il (4.9%) 0.023*

Note: * P<0.05.

Abbreviations: TL, total lobectomy; HT, Hashimoto’s thyroiditis; RLN, recurrent laryngeal nerve; RLNI, recurrent laryngeal nerve injury.
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scalpel during TET operation may cause RLNI.?® In addi-
tion, the dissection of the RLN in TET can only be carried
out from caudal to cranial, with a down-top view. In
contrast, RLN recognition and dissection in COT can be
achieved through more patterns and directions.*' In this
study, the
decreased, possibly because the traction on the gland was

incidence of traction/compression injury
not as strong as that in COT. A case of transverse RLNI
was reported in this study. One possible explanation is that
the visualization of the distal RLN near the NEP was
limited, and the lifting of the thyroid gland might cause
the upward movement of the RLN. Therefore, during TET,
the RLN near the NEP should be fully exposed, and the
ultrasonic scalpel should be kept as far from the RLN as
possible, or gauze strips should be used to protect the
RLN. In addition, near-total thyroidectomy is also a safe
choice to reduce RLNI near the NEP.

This study confirmed that patients with RLNI near the
NEP in TET might have different prognoses. It was noted
that there was no permanent VCP in patients with traction/
compression injury in this study, but one patient with
thermal injury developed permanent VCP. Patients with
traction/compression injury had a shorter recovery time
than patients with thermal injury. Chiang et al reported
that 94.6% of RLNIs maintaining nerve integrity could
completely recover the vocal cord motor function after
the operation.” This experience was consistent with our
results in which almost all patients with traction/compres-
sion injury and thermal injury ultimately recovered their
normal vocal cord motor function.

In the subgroup analysis to explore the influence of left
and right sides on RLNI near the NEP, it was found that
the left lobectomy group had a relatively increased prob-
ability of RLNI. If some unknown confounding factors are
excluded, this phenomenon may be explained by the fact
that the left RLN is more within the tracheoesophageal
groove* and the visualization of the distal RLN near the
NEP was limited; therefore, the surgeon may pull the left
thyroid gland harder, resulting in the occurrence of trac-
tion/compression injury and temporary RLNI.

One limitation of this study is that the causes of RLNI
might be multifactorial, especially for traction and compres-
sion injuries. It is sometimes difficult to determine exactly
which injury leads to RLNI. Our study is also subject to its
small sample size and lack of randomization. To verify our
conclusion, a large-sample randomized controlled trial is

needed.

Conclusion

The extralaryngeal branch was a risk factor for RLNI near
the NEP in TET. Thermal injury caused by an ultrasonic
scalpel was the most common cause of RLNI near the
NEP in TET. Most RLNIs that maintained nerve integrity
could lead to temporary VCP, and normal vocal cord
activity would eventually restore.

Abbreviations

COT, conventional open thyroidectomy; TET, total endo-
scopic thyroidectomy; RLNI, recurrent laryngeal nerve
injury; VCP, vocal cord palsy; RLN, recurrent laryngeal
nerve; IONM, intraoperative neuromonitoring; NEP, nerve
entry point; LOS, loss of signal.
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