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ABSTRACT

Recurrent laryngeal nerve (RLN)
injury is the most problematic compli-
cation impacting oh the decision
whether or not to perform total or
completion thyroidectomy. Recurrent
nerve paralysis is a less frequent
complication when the nerve is rou-
tinely identified. A simple technique
will be described for identifying the re-
current laryngeal nerve with a nerve
stimulator to prevent damage to the
nerve during thyroid surgery. 34 wom-
en and 16 men undergoing thyroid
surgery over 12 months were subject-
ed to intraoperative nerve stimu-lation
with increasing voltage increments by
both the traditional bipolar and con-
centric bipolar electrodes until both
light and sound (audiosignal) indica-
tors on the nerve monitor were posi-
tive. All recurrent laryngeal nerves
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with associated preoperative normal
vocal cord mobility were identified
successfully and the location of the
nerve was clearly established by the
lowest stimulating current, which
evoked the audiosignal response only
when the probe was over the nerve.
which was immediately confirmed by
direct visualization. The integrity of
these RLNs distal to the point of
stimulation was confirmed on comple-
tion of the surgery. The threshold
for stimulation of the recurrent nerve
varied from 0.2 to 1 milliAmpere (mA)
(mean 0.37 mA) for the standard bi-
polar and 0.1 to 1mA (mean 0.27 mA)
for the concentric bipolar electrode.
The ° traditional bipolar electrode
threshold stimulation was consistently
higher than the concentric bipolar
and had less variability. Comparison
between minimal stimulation levels
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with the concentric bipolar probe pre-
dissection of the recurrent laryngeal
nerve (that is at the time of initial
nerve identification) mean 0.37 mA
(range 0.2- 1 mA) and post-
thyroidectomy (that is after removal
of the surgical specimen) mean 0.369
mA (range 0.1- 2 mA) showed no
significant change. There were no
endotracheal difficulties in our study
since the electrode adheres to the
normally used endo-tracheal tube.
Mechanical or electromechanical
stimulation of tissue adjacent to the
RLN has been helpful in indicating
its close proximity when dissecting.
These aids may reduce the risk of
iatrogenic RLN injury, particularly
during redo surgery. In our study
stimulation artifacts were also quite
common with instrumentation contact,
but did not interfere with monitoring to
any great extent. False-positive re-
sponses may also occur primarily due
to misinterpretation artifact. Electro-
physiologic monitoring of the RLN is
shown to reduce the incidence of RLN
injury, its benefit most likely is related
to augmentation of the surgeon's abil-
ity to identify and thus protect the
RLN from injury. Surgeon's skill,
experience, and judgement will re-
main the most important elements in
preventing RLN injury.
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INTRODUCTION

Injury of the recurrent laryngeal
nerve (RLN) is one of the most fre-
quent complications in thyroid sur-
gery. It leads to a significant morbidity
of up to 20%, depending on the type
of surgery being performed(1). Re-
current nerve paralysis is a less fre-
quent complication when the nerve is
routinely identified and correctly pre-
pared (2). There was insufficient evi-
dence to support that the identification
of RLNs during surgery would be a
significant factor in reducing the likeli-
hood of RLN paralysis. However,
RLNs should be identified to avoid iat-
rogenic injury and subsequent paraly-
sis. Meticulous surgical technique
should be applied in patients whose
results of fine-needle aspiration biop-
sy suggested malignancy, as there is
the possibility of difficult surgery and
potential iatrogenic RLN paralysis in
this group of thyroid patients (3). RLN
injury is the most problematic compli-
cation impacting on the decision
whether or not to perform total or
completion thyroidectomy (4). Eche-
verri and Flexon (®) have made a ret-
rospective review to describe a simple
technique for identifying the RLN with
a nerve stimulator to prevent damage
to the nerve during thyroid surgery.
Routine systematic exposure of recur-
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rent laryngeal nerves reduces the
incidence of complications in thyroid
surgery to a minimum. The risk of re-
current nerve palsy increases with ex-
tent and difficulty of the operation,
with the highest risk for nerve lesions
seen in re-operations and near-total
resections (6).

Aim of work

Prevention of recurrent laryngeal
nerve injury during thyroid surgery by
using the technique of nerve stimula-
tion.

PATIENTS AND METHODS

Fifty patients undergoing thyroid
surgery over 12 months (June 2003 to
May 2004) were assessed for inclu-
sion in the study. These included 34
women and 16 men with an age
range of 22-62 years median age 40.
Ten patients had undergone previous
thyroidectomy .One patient had a pre-
Operative vocal fold abnormality
namely right cord paralysis. The indi-
cations for surgery were suspected/
confirmed malignancy, huge goiter or
failure of medical treatment. The op-
erations varied from partial thyroidec-
tomy, subtotal thyroidectomy, near to-
tal thyroidectomy, total thyroidectomy
and total thyroidectomy with neck dis-
section. This study describes the use

of the Neurosign 100 Nerve Monitor
(Magstim, Whitland, Carmarthenshire,
Wales) in the identification and as-
sessment of RLN integrity during thyr-
oid surgery. All patients in this study
were dealt with in the Endocrine Sur-
gery Unit in Mansoura University Hos-
pital. The objective of this study was
to investigate the benefit of a new
commercially available non-invasive
technique of laryngeal nerve monitor-
ing in thyroid surgery. In particular to
assess its ability to identify and con-
firm nerve localization, case of use,
establish parameters for its use and
to investigate possible prognostic sig-
nificance.

The Neurosign 100 Nerve Monitor
is a device that was approved for use
by Ministry of Health in 1997. The de-
vice consists of:

1) Laryngeal electrode which stick on
the endotracheal tube at the glottis
level and skewed anterolaterally
for local cord contact (Fig 1).

2) Cable assembly.

3) Preamplifier pod

4) Main unit (Fig 2).

5) Stimulatory pod.

6) Stimulatory probes (Figs 3, 4).

The endotratheal tube interfaces
with the Neurosign 100 a monitor that

MANSOURA MEDICAL JOURNAL




32 INTRAOPERATIVE ELECTROPHYSIOLOGICAL etc.

continuously tracks electromyography
(EMG) activity and has a built-in
pulse generator for electrically evoked
EMG. The cost of the Neurosign 100
Nerve Monitor was 37000 Egyptian
pound and the disposable electrodes
were 300 Egyptian pound per case.
Data were collected for all patients
undergoing thyroid surgery over 12
months period on a prospective basis.
Fifty patients undergoing thyroidecto-
my were evaluated and constituted
the study group. Informed consent
was obtained for each patient.

All our patients were subjected to :
1) History taking.
2) Clinical examination.
3) Laboratory investigations:

» Routine investigations (complete
blood picture, liver function tests,
fasting & 2 hours postprandial
blood sugar & serum creatinine).

» Thyroid function tests (serum T3,
T4, TSH)

4) Radiological investigations,
» Thyroid ultrasonography.
» Thyroid radioactive scanning.

5) Preoperative laryngeoscope.

6) Thyroidectomy.

7) Intraoperative nerve stimulation
and monitoring.

8) Postoperative laryngeoscope.
Prior to surgery the laryngeal
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function was assessed with larynge-
oscopy. The endotracheal tube was
selected according to the patient's
size. At intubation the electrode (stick
on electrode) was sited on the endo-
tracheal tube at the anticipated level
of the true vocal cords by the anaes-
thetist. The electrode is not surgically
invasive and is manufactured using a
flexible polyester substrate with con-
ductive ink tracks to measure EMG
activity sitting in the posterior glottis
after intubation. The electrode wa
connected to the preamplifier pod and
the Neurosign 100 signal processing
unit in the normal manner. The pre-
amplifier pod were placed on the side
of the table. The stimulator was set at
30 mHz with variable increasing volt-
age and attached to either a tradition-
al bipolar or concentric bipolar probe.
To allow nerve monitoring surgical
Procedures were carried out under
general anaesthesia, without the use
of muscle relaxants except during in-
tubation a short acting muscle relax-
ant was used. After premedication
with midazolam (1-2 mg IV), the pa-
tients were taken to the operating
room, where they were monitored
with ECG pulse oximetry, and non in-
vasive BP measurement. General an-
aesthesia was induced with sodium
thiopental (4-5 mg/kg) and fentany!
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(1ng/kg). Succinyicholine (1mg/kg)
was used fo facilitate intubation of the
trachea with the modified endotra-
cheal tube. Anaesthesia was main-
tained with nitrous oxide/oxygen and
isoflurane. The lungs were ventilated
mechanically, keeping the endexpired
carbon dioxide in the range of 28 to
32 mm Hg. Also baseline respiratory
activity was observed in all patients.

Thyroidectomy was carried out as
follow:

Step 1 : The patient was laid in
semi-Fowler position with the neck
hyperextended and a small pillow at
the area of the upper thoracic spine,
beneath the shoulders. Support under
the head may be used.

Step 2 : The site of the incision
was one fingerbreadth above the ster-
nal notch. Incision is symmetrical and
is carried out through the superficial
fascia (subcutaneous fat and platys-
ma). Good hemostasis by elec-
trocoagulation or ligation using silk
was established.

Step 4 : Formation of flaps was
done by blunt dissection, elevate the
upper flap to the notch of the thyroid
cartilage and the lower flap to the ju-
gular (sternal) notch.

Step 5 : Opening of the deep fas-
cia is accomplished by a longitudinal
midline incision along the raphe of the
strap muscles.

Step 6 : Exposure and mobiliza-
tion of the gland was done by the in-
dex finger of the surgeon is gently in-
serted between the thyroid and the
muscles.

Step 8 : Retraction of the lobe me-
dially and anteriorly was done then li-
gation of the middle thyroid vein.

Step 9:

a) Identification of the recurrent laryn-
geal nerve by blunt dissection into
the tracheoesophageal groove.
Electro physiological stimulation
was carried out (described below).

b) Identification and protection of the
parathyroids.

c) Ligation of the inferior thyroid ar-
tery.

d) Ligation of the lower pole vessels.

e) Careful ligation of the upper pole
was done during which ligation of
the superior thyroid artery within
the gland has taken place.

f) Dissection of the lobe from the tra-
chea by dividing the gland be-
tween straight mosquitoes.

g) If the pyramidal lobe was present,
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its removal together with the lobe
was done.
h) Meticulous hemostasis.

Step 10 : Closure in layers was
carried out with suction drainage.

Standard surgical techniques were
followed in each case. No additional
dissection beyond the standard oper-
ative technique was performed to im-
prove nerve exposure. After mobiliza-
tion of the thyroid lobe the recurrent
laryngeal nerve identification was car-
ried out both clinically and by placing
the stimulatory probe against the
nerve or adjacent tissue at the ex-
pected site confirming correct identifi-
cation of the primary circuit. After
identificat  ion, to establish the cacr-
rect stimulating current (ranging from
0.1 mA to 3 mA) the nerve was stimu-
lated with increasing voltage increme-
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nts until both light and sound
(audiosignal) indicators on the nerve
monitor were positive. These signals
are an evoked EMG which was
obtained (stimulus response thres-
hold). Both the traditional bipolar and
concentric bipolar electrodes were
used and the minimal threshold for
stimulation was noted for each probe.
laryngeoscopy was done at the
approximate midpoint, and at the end
of the surgical procedure to make
sure that the electrode is in place.
Following thyroidectomy the lowest
threshold of stimulation for the recur-
rent laryngeal nerve were recorded
and compared to pre-thyroide-
ctomy levels. Significant EMG events
elicited during surgery and artifact re-
sponses were observed. - Patients af-
ter surgery were assessed with laryn-
geoscopy within 2 weeks of
operation.
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Table 1: Post Operative Pathological Diagnosis in the Present Study

Pathological diagnosis No. of patients

Simple Multi Nodular Goiter 21
Toxic Nodular Goiter 10
Papillary Thyroid Carcinoma 5
Follicular Thyroid Carcinoma 2
Follicular Thyroid Adenoma 1
Hashimoto Thyroiditis 1
Recurrent Simple Nodular Goiter 4
Recurrent Toxic Goiter 3
Recurrent Papillary Thyroid Carcinoma 2
Recurrent Hurthel Cell Tumour 1
Total 50
P =0.001

MANSOURA MEDICAL JOURNAL




36 INTRAOPERATIVE ELECTROPHYSIOLOGICAL etc.

Table 2:Recurrent laryngeal nerve stimulus response threshold for standard

bipolar stimulatory probe

Stimulus Threshold Number of Nerves

mA

0.2 41
03 11
0.5 43
0.7 3
1.0 2

Mean 0.37 Total 100 nerves
P =0.001

Table 3:Recurrent laryngeal nerve stimulus response threshold for concentric

bipolar stimulatory probe.

Stimulus threshold Number of nerves
mA
0.1 23
0.2 26
0.3 30
0.5 19
0.7 1
1 1
Mean 0.27 Total 100 nerves
P=0.0014
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Table 4:Comparison between minimal stimulation levels with the concentric
bipolar probe pre-dissection of the recurrent laryngeal nerve (that is at the
times of initial nerve identification) and post-thyroidectomy (that is after
removal of the surgical specimen).

Predissection Postdissection No. of nerves
(mA) (mA)
0.2 0.1 13
0.2 0.2 20
0.2 0.5 8
0.3 0.1 2
0.3 0.2 4
0.3 0.5 5
0.5 0.2 12
0.5 0.5 28
0.5 1.0 1
0.5 1.5 1
0.5 2 1
0.7 0.5 2
0.7 0.7 1
1.0 1.0 1
1.0 0.5 1
Mean 0.37 Mean 0.369 Total 100 nerves
P=0.0013 P=0.0019

Table 5:Comparison of our study and previously
nerve electrophysio

reported recurrent laryngeal

logical monitorin% techniques
2 . , Stimulus
Series Electrode type Electrode location current (mA)
Rice Dhand Cone-Wesson | Intramuscular Thyroarytenoid 0.2-0.5
™ Muscle
Beck DL and Maves MD Intramuscular Thyroarytenoid 0.25-0.65
@) Muscle
Maloney RW et .al Intramuscular Posterior 0.25-1.0
& cricoarytenoid
Muscle
Rea "0 Surface array Postcricoid 0.5
Eisele 'V Surface endotracheal | Glottic 0.2-0.6
tube integrated
This study Stick-on fitted Glottic 0.2-1.0
endotracheal tube
P=0.002
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Fig (1) : The laryngeal electrode that  Fig (2) : The main unit.
stick on the endotracheal
tube at the glottis level and
skewed anterolaterally for
local cord contact.

Fig (3) : The traditional bipolar stimu- Fig (4) : The concentric bipolar stimu-
latory probe. latory probe .
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Fig (5.6.7) : All recurrent laryngeal nerves with associated preoperative normal
vocal cord mobility were visually identified successfuily.
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Stondard Yipolar Probe

ConcentricBipolar Probe

ton
-
%
2
%

»
L
£
=

=

-
o

-
%
1
%

Fig (8) : Recurrent laryngeal nerve  Fig (9) : Recurrent laryngeal nerve

stimulis response threshold stimulus response threshold
for ste.nda-d bipolar stimula- for concentric bipolar stimu-
tory proce. latory probe. It was consis-

tently lower than the stan-
dard bipclar and had more

variability.
e —e—Predissection threshold o
(mA)
; |i—@—Postdissection threshold s 4 Eerioo o tea C -
: (mA)

Stimulus | 5

response

threshold
(ma) ‘

2.5

43 30 N =P A Sy 1l .2 kT )
No. of nerves

Fig (10) : Comparison between pre-- and postdissection threshold levels .

Vol. 35, No. 3 & 4 July., & Oct, 2004



Yasser Ali EI-Sayed et al ... 41

DISCUSSION

Today thyroid surgery is a routine
operation which carries few complica-
tions, if performed by a properly
trained surgeon. One structure that
does remain at risk, however, is the
RLN, particularly in situations where
there has been previous surgery.
Although rarely permanent, the inci-
dence of damage to the RLN during
routine thyroid surgery is of the order
of 0.5-3 percent (12), Despite signifi-
cant advances in surgical technique
there is still a potential danger to the
laryngeal nerves any time the thyroid
bed is explored. Mechanisms of intra-
operative nerve damage include divi-
sion, laceration, stretch or traction,
pressure, crush, electrical, ligature
entrapment, ischemia, and suction in-
jury (13). Most surgeons advise iden-
tifying rather than avoiding the recur-
rent laryngeal nerve when performing
thyroid surgery and this is associated
with a significantly lower rate of tem-
porary and permanent paralysis. On
the other hand the superior laryngeal
nerve is not routinely identified in un-
complicated thyroid surgery (14).
Another benefit of RLN monitoring is
immediate audible and visual feed-
back of mechanically evoked poten-
tials so that the surgical technique
can be modified when something

potentially harmful is being done to
the nerve. In addition, nerve monitor-
ing allows assessment of nerve integ-
rity at the end of dissection. With
electrophysiologic monitoring, the
stimulus response threshold may be
higher than the predissection thres-
hold. If a nerve conduction block is
noted, the surgeon should examine
the RLN carefully to search for an
identifiable and potentially correctable
nerve injury. If the nerve is included in
a ligature, the suture should be re-
leased because functional recovery
may result. If RLN transection is iden-
tified intraoperativele(é) nerve repair
should be performed ‘’.

The ideal monitoring system
should be harmless, non invasive,
reliable and act as an early warning to
alert the surgeon of trouble before it
occurs while discounting unrelated
activity such as from electrocautery
equipments (8) Stimulus response
thresholds in the present study with
glottic surface electrodes ranged from
0.2 to 1mA. mean 0.37mA for the tra-
ditional bipolar and 0.1 to 1mA. mean
0.27mA for the concentric bipolar
electrode (Tables 2 & 3). These val-
ues compare favorably with prior re-
ports of RLN electrophysiologic moni-
toring by intramuscular laryngeal elec-

MANSOURA MEDICAL JOURNAL




42 INTRAOPERATIVE ELECTROPHYSIOLOGICAL etc.

trodes (Table 5). The variability in
threshold response observed in this
study may be related to differences in
the degree of RLN exposure. A nerve
insu-lated by adjacent soft tissue may
need a higher stimulation current than
a more exposed nerve.

One patient with intraoperative

changes in stimulus thresholds up
to 0.3 mA had normal postoperative
vocal cord motion. One patient had an
intraoperative stimulus threshold el-
evation of 0.1 mA, yet developed tem-
porary vocal cord motion impairment
of 2 days duration. Thus, although
minimal elevation of the stimulus
threshold for the RLN generally pre-
dicts normal postoperative vocal cord
function, our results indicate that a
temporary vocal cord paresis can still
occur in this setting. This result is sim-
ilar to those reported by Eisele e

On the other hand,one patient had an
intraoperative stimulus threshold ele-
vation of 1 mA for left recurrent laryn-
geal nerve, left vocal cord paresis
partially reversed 6 months after sur-
gery. Thus, such an elevation in the
stimulus threshold does not necessar-
ily fcretell permanent vocal cord par-
alysis. In one patient with multinodular
goiter and right vocal cordmotion
impairment, postoperative recovery of
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vocal cord motion was predicted by
intraoperatively electrically evoked
threshold responses with stimulating
current of 1mA for the traditional
probe and 0.7mA for the concentric
probe. Almost similar results were re-
ported by Eisele (11).

It has been suggested that the
system is helpful not only in confirm-
ing correct identification of the nerve
in its usual course, but for the 0.2- 0.4
per cent of individuals who have a
non-recurrent laryngeal nerve (12). A
useful adjunct to the system is the ap-
pearance of lesser EMG potentials
when working close to the RLN. This
probably results from small currents
generated by the electropotential of
metal instruments. This phenomenon
is best appreciated when neuromus-
cular relaxants are not being used
and can be very helpful in locating the
nerve itself (13).

In this study the advantages of the
stick-on electrode (on the endotra-
cheal tube) was simillar to that report-
ed by Eisele (11). They include sim-
plicity in establishing electrode
contact and, should tube malposition
occur during surgery, in reestablishing
electrode contact. Because the use of
surface EMG electrodes is noninva-
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sive, the risk of laryngeal injury is less
than the risk with the use of in-
tramuscular laryngeal electrodes. The
incorporation of the electrodes into an
endotracheal tube simplifies manage-
ment of the electrode hardware and
keeps-the electrodes out of the sur-
geon's way. Owing to tubesize limita-
tions, the use of this system for RLN

monitoring is contraindicated by ana-
tomic restrictions, including pediatric
patients and significant tracheal nar-
rowing. In addition, any factors that
impede adequate electrode contact at
the level of the glottis (i.e., laryngeal
anatomic distortion or scarring) make
use of this system unfeasible. Another
advantage is the use of normal endo-
tracheal tube which will not kink after
intubation, so it will not resuit in intra-
operative tube obstruction like that oc-
curred with flexible silicone tube (9),

A disadvantage of this system is
the cost of the laryngeal electrode
which is 300 Egyptian Pound. Also
the Neurosign 100 Nerve Monitor
costs 37000 Egyptian Pound. Timon
and Ratfferty (14) reported that their
study was to address issues quantify-
ing the parameters required for suc-
cessful stimulation using the Neuro-
sign 100. The Neurosign 100 is
commercially available and there

were no endotracheal difficulties in
our study since the electrode simple
adheres to the normally used endotra-
cheal tube. Further advantages in-
clude the fact that Neurosign 100 is
portable, reliable and also allows au-
ditory and visual signals of the EMG
response in real time. This makes it
ideal for the operating room with a
two-channel unit that allows continu-
ous monitoring. Eisele (1) men-
tioned that the use of electrophysio-
logic monitoring of the RLN is
analogous to facial nerve monitoring
during neurologic surgical procedures
in that the intrinsic laryngeal muscles,
like the facial muscles, represent a
broad muscle receptor field for
recording EMG activity. Any of the in-
trinsic laryngeal muscles can thus
serve for EMG recording during RLN
monitoring. The system evaluated in
his study most likely records activity
primarily from the thyroarytenoid mus-
cles, but EMG contributions from the
other intrinsic laryngeal muscles, in
particular the lateral cricoarytenoid
muscles, may occur. There is no
doubt that the key to a low complica-
tion rate with respect to the RLN in
thyroid surgery is meticulous surgical
technique, with early identification of
the nerve. The use of the nerve moni-
tor has enabled confirmation of re-

MANSOURA MEDICAL JOURNAL



44 INTRAOPERATIVE ELECTROPHYSIOLOGICAL etc.

current laryngeal nerve identification.
Mechanical or electromechanical
stimulation of tissue adjacent to
the RLN has been helpful in indicating
its close proximity when dissecting.
These aids may reduce the risk of
iatrogenic  RLN injury, particularly
during redo  surgery. In addition,
stimulation of the RLN itself appears
to offer a sensitive means of assess-
ing RLN integrity during thyroid
surgery. Clarification of RLN integrity
on one side allows the surgeon to
proceed with confidence to the
contralateral side during bilateral
dissection (15),

Reasonable indications for RLN
monitoring are conditions that may
render RLN identification difficult;
these include reoperation, prior
radiation therapy, malignancy, and
the presence of anatomic distortion,
for example by goiter or large tumor.
In addition, monitoring may be
beneficial in the setting of preopera-
tive vocal cord dysfunction so that
neural integrity can be assessed
intraoperatively and the potential
for functional recovery predicted.
Several arguments support the use
of intraoperative nerve monitoring
for routine thyroidectomy cases.
For one, the surgeon can not
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always predict whether a case is
routine. If the monitoring equipment
is always set up, monitoring can be
performed if needed. Also, nerve
monitoring can speed the surgical
dissection by confirming the antici-
pated location and course of the
nerve (1),

Use of the Neurosign 100 Nerve
Monitor did not increase surgical set
up time appreciably and allowed both
identification and confirmation of the
recurrent laryngeal nerves with a po-
tential prognostic ability however,
there are a number of potential draw-
backs. Disadvantages include the ne-
cessity of having the device available,
however, these and similar nerve
monitors are now available in otola-
ryngology units for the monitoring of
the facial nerve in mastoid and parotid
surgery (14).

In our study stimulation artifacts
were also quite common with
instrumentation contact, but did
not interfere with monitoring to
any great extent. Use of the
Neurosign 100 requires the co-
operation of anaesthetic colleagues
for proper placement and the use
of no or short acting muscle
relaxants.
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Conclusion

From this study we concluded that
the use of the bipolar probes which
set at 30 Hz and 0.5 mA is recom-
mended for intraoperative recurrent
laryngeal nerve monitoring during
thyroid surgery. But this will not sub-
stitute the surgeon's skill, experience,
and judgement. If electrophysiologic
monitoring of the RLN is shown in the
future to reduce the incidence of RLN
injury, its benefit will most likely be re-
lated to augmentation of the sur-
geon's ability to identify and thus pro-
tect the RLN from injury. The benefit
is also likely to be a result of the sur-
geon having been alerted by neu-
rotonic discharges to potentially injuri-
ous manipulation and having modified

the surgical technique to minimize

nerve trauma.

REFERENCES

1. Lamad W, Fogel W, Rieke K,
Senninger N, Herfarth C
(2002) : Intraoperative moni-
toring of the recurrent laryn-
geal nerve. A new method
Chirurg; 67: 4, 451-4.

2. Tocchi A, Lepre L, Costa G, Liot-
ta G, Mazzoni G, Maggioli-
ni F (2001) : The role of
identification of the recur-

rent laryngeal nerve in thyr-
oid surgery Chir, 17: 5, 279-
82.

3. Kasemsuwan L, Nubthuenetr S
(2003) : Recurrent laryngeal
nerve paralysis: a complica-
tion of thyroidectomy. J
Otolaryngol; 26: 6, 365-7.

4. Moulton Barrett R, Crumley R,
Jalilie S, Segina D, Allison
G, Marshak D, Chan E
(2003) : Complications of
thyroid surgery. Int Surg; 82:
1, 63-6.

5. Echeverri A, Flexon PB (2001) :
Electrophysiologic nerve
stimulation for identifying the
recurrent laryngeal nerve in
thyroid surgery: review of 70
consecutive thyroid surger-
ies. Am Surg; 64: 4, 328-33.

6. Schwartz A, Al Fakhri N, Runkel
N, Buhr HJ (2002) : Rate of
complications with syste-
matic exposure of the recur-
rent laryngeal nerve and
parathyroid glands in opera-
tions for benign thyroid
gland diseases Zentralbl
Chir; 123:1, 21-4.

MANSOURA MEDICAL JOURNAL



INTRAOPERATIVE ELECTROPHYSIOLOGICAL etc.

7. Rice DH, Cone-Wesson B

(1994) : Intraoperative re-
current laryngeal nerve
monitoring. Otolaryngol-
HeadNech Surg; 105: 372-
375.

8. Beck DL, Maves MD (1995) : Re-

current laryngeal nerve
monitoring during thyroid
surgery. In: Kartush JM,
Bouchard KR, eds. Neuro-
moni-toring in otology and
head and neck surgery.
New York: Raven Press;
151.

9. Maloney RW, Murcek BW, Steeh-

ler KW (2003) : A new
method for intraoperative re-
current laryngeal nerve
monitoring. Ear Nose
Throat; 73: 30-33.

10. Rea JL (1995) : Postcricoid sur-

face laryngeal electrode.
Ear Nose Throat J; 71: 267-
269.

11. Eisele DW (2000) : Intraoperative

electrophysiologic monitor-
ing of the recurrent laryn-
geal nerve. Laryngoscope;

Vol. 35, No. 3 &4 July., & Oct, 2004

106: 4, 443-9.

12. Horn D, Rtzscher VM (2002) :

Intraoperative electro-
myogram monitoring of the
recurrent laryngeal nerve:
experience with an intrala-
ryngeal surface electrode. A
method to reduce the risk of
recurrent laryngeal nerve in-
jury during thyroid surgery.
Langenbecks Arch Surg;
384: 4, 392-5.

13. Cannon CR (2001) : Laryngeal

nerve monitoring during
thyroidectomy. J Miss
State Med Assoc; 39: 4,
143-5.

14. Timon Cl and Rafferty M

(2002) : Nerve monitoring in
thyroid surgery: is it wo-
rthwhile? Clin. Otolaryngol;
24: 487-490.

. Lambert AW, Cosgrove C,

Barwell J, Oxenham S,
Wilkins DC (2003) : Vagus
nerve stimulation: gquality
control in thyroid and para-
thyroid surgery. J Laryngol
Otol; 114: 2, 125-7.



Yasser Ali EI-Sayed et al ... 47
L3, 5l il « W gl M1 g k| ol e G o
Pl A b (2 o - L) s 401 20 LI

bl ks dara ible /5.0 0wl e b s

i 2l G s
l:)_pdn.” J&--M’JMJ’LL”;#J -LW’;’IJJJ’.JW

Lypao SN 25T e Ll 23 ) 3] Sl o el ikl eanl O] e
plasily Sl ] e Gadl 8 b i J1 ol i Dy SYU 0 i 5 3, 3,
(Neurosign 100 - V. . by, p0) o ol 54 CSFIp NE ERNpE SN JUN YT 2413
Liloiue Olbaa) lpnias Ly 00 e Coudl i ol ol 41 L2 Lt wmanll itz o0
ol Sl s doess oSl 23,000 S0l 225 plisls b Slainad IS, i Jlasna] cdes
A el as A W el e Gl (G i 5 Sy oy LD L] pliia
e 555 gl Kanlyy )T 51 ) ceanll lin o 00 g3ty I el 1S
iyl el ol Sl lin o el . aads e sl 1 Dol &y slass ¥ 2SI o1 5Ll Lis
3l Jowe Jow ol oSY Sy LY g3l Jlai ol iyl b cadll e G acll 5,8l
IR (PP PP ISP FL e

MANSOURA MEDICAL JOURNAL







