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ABSTRACT
Objective: To determine the location of thyroid-related nerves by nerve monitoring and demonstrate the usefulness of Nerve
Integrity Monitor in thyroid surgery.
Study Design: Descriptive study.
Place and Duration of Study: Department of General Surgery, University of Health Sciences, Istanbul Training and Research
Hospital, Turkey, from February 2017 to January 2020.
Methodology:  Patients,  who underwent thyroid surgery,  were evaluated for  age,  gender,  preoperative diagnosis,  type of
surgery, histopathological result, postoperative hoarseness, and postoperative vocal cord examinations. The vagus nerve, recur-
rent laryngeal nerve (RLN), and superior laryngeal nerve (SLN) were mapped by nerve monitoring.
Results: A total of 328 patients were included in this study. On both sides, the vagus nerve was most often located in the poste-
rior of the internal carotid artery and internal jugular vein and less frequently anterior to this vein. A total of 303 right RLNs and
305 left RLNs were verified. The SLN was visualised or motor activity was verified by nerve monitoring on the right side in 181
patients and on the left side in 179 patients. The SLN’s location was classified most frequently as type I and least frequently as
type IIb on the right and left sides.
Conclusion: The reported variations, the experience of the surgeon, and these anatomical markers cannot be adequate in
preventing nerve injuries. Furthermore, the variations can be identified more clearly peroperatively with the use of nerve moni-
toring.
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INTRODUCTION

Thyroidectomy  is  the  gold  standard  surgical  procedure  for
treating most of the thyroid disorders. However, serious life-
threatening complications  such as  bleeding,  nerve injury  or
hypoparathyroidism can be observed. To date, many technolog-
ical improvements are implemented to decrease complication
rates. One of the most important improvements was intraopera-
tive  nerve  monitoring  (IONM)  which  was  first  used  in  late
1960s.1,2 Although, visualisation of recurrent laryngeal nerve
(RLN) may reduce nerve injury rates, the use of IONM helps to
ensure that the integrity of the nerve is preserved. However, the
role and benefits of IONM are not significantly proven widely.
Some studies have reported that the usefulness of IONM is still
controversial.3 Studies are ongoing to reduce the complication
rates.
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In addition to visualisation of RLN and the use of IONM, mapping
of  the thyroid nerves may also help to reduce complication
rates. Considering that anatomical locations of the nerves can
vary according to geographical locations

The aim of this study was to map the thyroid-related nerves by
nerve monitoring and assess the contribution of the nerve moni-
toring device to the safety of thyroid surgery.

METHODOLOGY
An institutional prospectively maintained database was used for
this retrospective study. Ethical approval was obtained from the
local  human  Ethics  Committee  of  the  institution.  The  study
included  patients  underwent  thyroid  surgery  in  the  General
Surgery Clinic of University of Health Sciences, Istanbul Training
and  Research  Hospital,  Turkey,  between  February  2017  and
January 2020. All operations were performed by one surgeon.
Pregnant women and patients who had previous neck surgery,
oesophagal cancer, nasopharyngeal cancer, laryngeal cancer,
or neck radiotherapy were excluded from the study. Patients’
age, gender, preoperative diagnosis, type of surgery, histopatho-
logical  result,  postoperative  hoarseness,  and  postoperative
vocal cord examinations were also evaluated. The vagus nerve,
recurrent  nerve,  and SLN were also  mapped by nerve moni-
toring.
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Central and lateral neck dissections and/or standard thyroidec-
tomy techniques were applied to the patients. Neuromuscular
blocking agents were not used during operations to prevent
intraoperative  nerve  monitoring  (IONM).  The  authors  moni-
tored the electromyographic (EMG) activity of thyroarytenoid
muscles using endotracheal tube monitoring systems. Nerve
monitoring  was  performed  intermittently.  The  stimulation
current was set to 1.5 mA, and a disposable probe was used.

First, an EMG signal was obtained from the vagus nerve. Recur-
rent laryngeal nerve dissection was initiated after receiving an
EMG signal from the vagus nerve, which confirmed the correct-
ness of the endotracheal tube placement. The event threshold
was set at 100 mV. The path of the RLN in the thyroid lobe was
followed with monitoring support until the point of the trachea.
After complete hemostasis of the operative field, the last tests
for the vagus nerve and RLN were done. With the help of moni-
toring, The authors noted the course of RLNs in relation to the
trachea,  oesophagus,  and  thyroid  artery;  the  number  of
branches and branching points in relation to the thyroid artery,
Berry ligament, and the Zuckerkandl tubercle; course of the SLN
according to the Cernea classification; and the location of the
vagus nerve in the carotid sheath.

The data obtained from the patients were analysed in SPSS-21.0
(IBM). Descriptive data were shown as mean and standard devi-
ation. Categorical data were given as numbers and percent-
ages.
Table I: Nervus vagus placement according to ICA and IJV.

Nervus Vagus placement Right (n= 298) Left (n =300)
n (%) n (%)

Middle posterior ICA and IJV 264 (88) 249 (83)
Posterior ICA 23 (8) 20 (7)
Posterior IJV 2 (1) 4 (1)
Middle anterior ICA and IJV 6 (2) 19 (6)
Anterior ICA 2 (0.6) 7 (2.3)
Anterior IJV 1 (0.3) 1 (0.3)
(ICA=internal carotid artery, IJV=internal jugular vein).
 

RESULTS

A total of 328 patients enrolled in this study with a mean age of
47.07 ± 12.8. Seventy one (21.6%) were male and 257 (78.4%)
were females. There were 280 (85.4%) patients who underwent
bilateral total thyroidectomy, 25 (7.6%) patients who had left
hemithyroidectomy, and 23 (7%) patients with right hemithy-
roidectomy.

In all patients, the vagus nerve was monitored, and its location
in the carotid sheath is shown in Table I. On both sides, the vagus
nerve was most often located in the middle posterior of the
internal carotid artery and internal jugular vein and anterior
aspect of this vein. The RLN was observed and monitored in all
patients in the study.

A total of 303 right RLNs and 305 left RLNs were verified. Table II
shows the course of the recurrent laryngeal nerve, the number
of extralaryngeal branches and branching points, the location
according to the thyroid artery, its relationship with the Berry

ligament, and the location of the nerve according to the Zuck-
erkandl tubercle. The left RLNs were located in the tracheoe-
sophageal fissure in 251 (82.3%) patients, and the right RLNs
were located in the anterolateral trachea in 172 (57%) patients.
The SLN was visualised or motor activity was verified by nerve
monitoring on the right side in 181(59.7%) patients and on the
left side in 179(58.7%) patients. The distribution of the SLNs
verified is given according to the Cernea classification in Table
III.

RLN injury occurred in one of 303 patients who underwent right
thyroidectomy and  one  of  305  patients  who  underwent  left
thyroidectomy. RLN injury rate was 0.3% (2/608) whereas there
was no SLN injury.

DISCUSSION

In this study, the authors determined the location of thyroid-re-
lated nerves by nerve monitoring and demonstrated the useful-
ness of the Nerve Integrity Monitor (NIM) in thyroid surgery.

For many years, surgeons have used some anatomical land-
marks  to  prevent  complications,  such  as  the  tracheoe-
sophageal fissure, Berry ligament, and inferior thyroid artery.4,5

In a study published in 1995 by Cernea et al., 584 SLNs and RLNs
of 404 patients who underwent thyroid surgery were examined
by nerve monitoring. The locations of the external branches of
324 right SLNs were examined in this study according to the
Cernea classification.6 Locations in 70.7% were type I, 17.9%
were type IIa, and 8% were type IIb. In the external branches of
the  260  left  SLNs  examined,  the  corresponding  rates  were
reported as 72.3% for type I, 15.7% for type IIa, and 6.53% for
type IIb.7 In the present study using intraoperative nerve moni-
toring, the results were similar as the SLN’s location was clas-
sified most frequently as type I and least frequently as type IIb
on both right and left sides.

In a study by Shao et al., 1699 right RLNs of 2404 patients were
examined, and the non-recurrent rate was found to be 0.9%.8 In
this study, the non-recurrent rate was found to be 0.3%.

The course of RLN has been reported to be in the tracheoe-
sophagal fissure.9,10 Ardito et al. reported that 61.4% of the right
RLNs were located in  the tracheoesophageal  fissure,  37.8%
were located in the lateral trachea, and 0.6% were located in the
anterolateral trachea. Furthermore, 67.3% of the left RLNs were
located in the tracheoesophagal fissure, 31% were located in
the lateral trachea, and 1.6% were located in the anterolateral
trachea.11 Conversely, in this study, 30% of the right RLNs were
located in the tracheoesophageal fissure, 6% were located in
the lateral trachea, and 57% were located in the anterolateral
trachea. Moreover, 82.3% of the left RLNs were located in the
tracheoesophageal fissure, 4.6% were located in the lateral of
trachea, and 4% were located in the anterolateral trachea. A
possible reason for this discrepancy could be that the anterior
surface of the oesophagus was not specified as a location site in
their classification whereas it was uncovered during nerve moni-
toring in this study.
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Table II: Relationship of recurrent laryngeal nerve with anatomical structures.

Recurrent laryngeal nerve Right (n=303) Left (n=305)
   n (%)    n (%)

Course Tracheaoesophageal groove   92 (30) 251 (82.3)
Periesophageal   18 (6)  28 (9.1)
Lateral trachea   19 (6)  14 (4.6)
Anterolateral trachea 173 (57)  12 (4)
Non-recurrent     1 (0.3)   0 (0)

Number of branches Single 277 (91) 264 (86.6)
Double   24 (8)  32 (10.4)
Multiple     2 (0.6)    9 (3)

In relation to the thyroid artery Anterior 115 (38) 134 (44)
Posterior 137 (45) 130 (42.6)
Between branches   51 (17) 41 (13.4

Branching point Lateral to thyroid artery     9 (35) 21 (51.2)
Medial to thyroid artery     7 (27) 13 (31.7)
Crossing point with thyroid artery     5 (19) 6 (14.6)
Larenks Access     5 (19) 1 (2.4)

In relation to ligament of Berry Superficial 113 (37) 129 (42.3)
Deep 118 (39) 116 (38)
Between ligament fibers   72 (24) 60 (19.7)

Zuckerkandl Tubercle size None 157 (52) 188 (61.6)
0.5 cm- 1 cm   79 (26) 61 (20)
>1 cm   67 (22) 56 (18.4)

In relation to Zuckerkandl Tubercle Anterior  93 (63.7)  75 (64.1)
Posterior  53 (36.3)  42 (35.9)

Table III: Cernea classification of EBSLN.

External branch of the superior
laryngeal nerve

Right (n:181) Left (n:179)
n (%) n (%)

Cernea I 114 (63) 110 (61.4)
Cernea IIa   58 (32)   54 (30.2)
Cernea IIb     9 (5)   15 (8.4)

Different rates have been reported when examining the loca-
tion of  the RLN in  relation to  the inferior  thyroid  artery.
Ardito et al. reported that on the right side, 12% of the RLNs
were located anterior to the artery, 61% were located poste-
rior to the artery, and 27% were located between the artery
branches. On the left side, 1.9% of the RLNs were located
anterior to the artery, 77.4% were located behind the artery
branches, and 20.5% passed between the artery branches.11

There was a marked difference in this series as 38% of the
RLNs on the right were located anterior to the thyroid artery,
45% were located posterior to the artery, and 17% were
located between the inferior artery branches. Whereas on
the left, 44% of the RLNs were located anterior to the artery,
42.6%  were  located  posterior  to  the  artery,  and  13.4%
passed between the artery branches.

The location  of  the  RLNs vary  significantly.  However,  it  has
been  reported  in  the  literature  that  RLNs  are  generally
located on the surface of the Berry ligament.12-14 A meta-anal-
ysis and cadaveric study by Henry et al. examined the rela-
tion between RLNs and the Berry ligament. A total of 2470
nerves were evaluated, and it was reported that RLNs were
usually located over the Berry ligament (78.2%), and less
frequently  deep  into  the  Berry  ligament  (14.8%)  and
between the  fibers  (7%).12  In  this  study,  RLNs were  located
deep within and on the surface of  the Berry ligament in
similar  rates,  and they progressed between the ligament

fibers  less  frequently,  but  the  rate  was  higher  than  in  the
literature. This may be a possible reason for this could be
geographical differences.

A  cadaver-based  study,  conducted  by  Henry  et  al.  also
examined the relationship between the RLNs and the Zuck-
erkandl  tubercle,  which is  used as an anatomical  marker
during neck surgery. It was identified that Zuckerkandl tuber-
cles were found in 38.9% of the subjects on the right side
and on the left side in 30.6% of them. In this study, 64.2% of
the tubercles on the right side of the neck were smaller than
10 mm, and 72.7% of tubercles on the left side were smaller
than 10 mm. RLNs were reported to be located posterior to
the Zuckerkandl tubercle on the right and left sides (71.4%
and 72.7% respectively).15 This study is in conformity with
the literature as the size of the Zuckerkandl tubercle was
smaller than 10 mm, but in contrast to the literature, RLNs
were located anterior to the Zuckerkandl tubercle.  Again,
that may be a possible reason for this could be geographical
differences.

Non-recurrent  RLN  is  present  in  approximately  1%  of
patients, and in these cases, it turns directly to the trachea
after  leaving the  vagus  nerve.16  The reported SLN injury
rates are 3-40%, while the RLN's temporary damage rate is
0-7.1%, and the permanent damage rate is 0-11%. In this
study, the RLN injury rate was 0.3% while there was no SLN
injury. Compared with the literature, the RLN rate is low. The
variations can be identified more clearly peroperatively with
the use of nerve monitoring, and nerve injury rates can be
reduced.

Although this study is a strength since all operations were
performed by a single surgeon and the sample size is large,
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this study has some weaknesses. This study is based on a
specific geographical region and may not reflect other parts
of the world. Additionally, it is required further research to
investigate the effect of mapping on complications of thyroid
surgery.

CONCLUSION

Nerve mapping variations in nerve anatomy can be iden-
tified  more  clearly  peroperatively  with  the  use  of  the  NIM
device. This helps in reducing the rate of nerve injuries.
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