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Abstract

Background: The preoperative assessment of vocal cord
mobility in patient scheduled for neck surgery is mandatory.
The diagnostic approach differs from traditional ones as
flexible fiberoptic, indirect laryngoscopy, to less tradition
ones as CT and MRI.

Ultrasound is non invasive, safe, repeatable, bedside, non
ionizing radiation dependent technique together with the
advancement of technology providing high resolution real
time images and short cine videos. This is hand to hand with
good patient compliance for the technique.

Aim of Study: To evaluate the diagnostic value of ultra-
sound in the assessment of vocal cords mobility before neck
surgeries.

Patients and Methods: This cross section study was carried
out between October 2016 and November 2018 on 60 patients
(25 males and 35 females) in Ain Shams University Hospitals.
They were all scheduled for neck surgeries for different
reasons. After taking full clinical history, complete head and
neck examination, flexible fiberoptic and/or indirect laryn-
goscopy, patients underwent sonographic examination. Patients
were divided into two groups. The first group (I) with no
clinical symptoms or signs suggestive of vocal foldparalysis.
The second group (II) with unilateral abductor vocal fold
paralysis. The acquired static photos and dynamic cine videos
were accurately examined to delineate various laryngeal
structures and to assess interarytenoid distances and arytenoid
cartilage mobility during full inspiration and during phonation.

Results: After identification of laryngeal structures, we
could identify in recorded cine videos immobile arytenoids
cartilage on the paralytic side during both inspiration and
phonation with sensitivity (80%), specificity (90%), PPV
(80%) and NPV (90%). Another important finding is noted
that the percent of change in interarytenoid distances was
much less in group II than in group L.

Conclusion: Preoperative ultrasound examination of vocal
cord mobility proved to be valid identifying the various
laryngeal structures with high potency in judging vocal cord
mobility either by short real time cine videos or measuring
interarytenoid distances. We recommend to consider laryngeal
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ultrasound as reliable imaging modality in preoperative as-
sessment of vocal cord mobility prior to neck surgery.

Key Words: Ultrasonography — Vocal cord paralysis — Laryn-
geal imaging — Airway.

Introduction

MULTIPLE diagnostic approaches have been
used to evaluate vocal cord mobility prior to neck
surgery. Starting by through history and physical
examination passing through traditional approaches
as flexible fiberoptic, indirect laryngoscopy, less
tradition ones as CT and MRI. There is always a
need for more practical techniques which ideally
should be minimally or non invasive, well tolerated
with good patient compliance, safe, non dependent
on ionizing radiation and with reliable results.
Where the results should be accurate, reproducible
and recordable for medico legality and future
reference [1].

Using traditional radiographic approaches as
CT and MRI can provide accurate data as regards
both true and false vocal cord yet the dependence
on radiographic anatomical landmarks sometimes
for precise visualization of the vocal folds may be
very difficult. In additional to radiation exposure
with CT and relative long exam duration in MRI
with motion artifact caused by swallowing, respi-
ration and patient mobility degrading image quality
causing decreased diagnostic accuracy [2].

Over- and under- diagnosis of vocal fold paral-
ysis is quite common because of splinting of the
larynx which may occur with a rigid laryngoscope;
poor visualization due to supraglottic collapse;
cricoarytenoid fixation and paradoxical vocal fold
movements resulting from the Bernoulli effect of
air flow through the glottis during respiration [3].
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Ultrasound technology refers to mechanical
ultrasound waves with frequency beyond 20,000Hz.
Frequencies used for medical use usually ranges
from 2- 15MHz. US probe contain crystal having
peso electric effect which acts as both transmitter
and receiver. Where each cycle varies between
generation of US waves and receiving echoes.
Each type of tissue has different acoustic impedance
with different ultrasound waves reflectivity. Ultra-
sound wave isreflected at the interface between
tissues. Where bone reflects all waves and fluid
facilitate waves transmission [4].

Preoperative routine neck ultrasound assessment
isusually done asin goiter to identify type of goiter
and extension, in laryngeal tumors to assess cervical
LN metastasis. The promising results of ultrasound
assessment of the vocal cord mobility make it
beneficial to add it in the preoperative ultrasound
assessment. USis superior on CT and MRI in
assessing the mobility of vocal cords [5].

Laryngoscopy is considered the golden standard
to evaluate vocal fold mobility preoperatively. As
it can demonstrate a paralysis of the recurrent
laryngeal nerve, aswell as evaluation of anatomic
or functional variations after previous neck or
thoracic surgery. Yet it is not common practice for
many endocrine surgery teams becauseit istime-
consuming, imposes extra costs, and isin general,
an unpleasant experience for some patients. To-
gether with lacking the assessment of extraluminal
causes of vocal cord paraysis [6].

Head and neck ultrasonography is a cost effec-
tive imaging tool that is currently used as an ex-
tension of patient physical examination. That is
based on its safety (non invasive and non ionizing
radiation dependent), repeatability, availability
and good patient compliance (pain less and require
no sedation). Together with accuracy comparable
to laryngoscope which is the gold standard, espe-
cialy in children [7].

Recently portable ultrasound devices became
widely available with dramatic improvement of
the imaging quality rendering to increased diag-
nostic accuracy. Availability, usability and mobility
of the devices encourage bedside examination
which is essential in non mobile patient and ICU
patient [8].

Aim of this work:

Isto evaluate the validity of sonography as an
imaging tool in identifying normal ranges and
abnormalities of laryngeal dynamics and anatomic

structures. Also to determine the optimal scanning
technique in terms of transducer selection and
orientation.

Subjectsand Methods

During the period from October 2016 and No-
vember 2018 at Al-Demerdash Hospital and Ain
Shams University Specialized Hospitals, 60 patients
were enrolled in the cross section study (25 males
and 35 females). Patients were scheduled for neck
surgery for different causes all of them underwent
either indirect laryngoscopy or fiberoptic to assess
vocal cord mobility and results were compared to
laryngeal ultrasound. Their ages ranged from 21
to 62 years. Patients were divided into two groups.
The first group (30 patients) included patients with
no clinical symptoms or signs suggestive of vocal
fold paralysis or any laryngeal pathologies. The
second group (30 patients) included patients with
unilateral vocal fold paralysis (abductor type).

Inclusion criteria:

1- Patients scheduled for neck surgery.

2- Patients with unilateral vocal cord abductor
paralysis (group 2).

3- No age predilection.

4- No sex predilection.

Exclusion criteria:

1- Patient with history of laryngeal surgery.

2- Any patient with bilateral vocal fold paralysis.
3- Any patient with unilateral adductor paraysis.
4- Any patient with laryngeal mass.

All included patients were subjected to the
following after taking their written informed con-
sent:

* Full detailed clinical and surgical history history
taking.

» Thorough head and neck examination.

» Fibropticnasopharyngolaryngoscopic examina-
tion.

* Ultrasound examination.

The sonographic examination was donein the
following order:

* All patients were asked to lie down in supine
position with neck extended

* All were asked to expose their neck and upper
chest.

+ All patient were examined using linear 7-12MHz
high-frequency ultrasound transducer.
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* The larynx and was scanned in different planes:
- Transversely mid line (the transverse view).
- Transverse oblique (oblique transverse view).

Initially various laryngeal structures are sys-
temically identified in the previously mentioned
planes hyoid bone, laryngeal cartilages, vocal folds,
pre-epiglottic space, paraglottic space, thyroid
gland, subglottic region, neck vessels and neck
nodes.

Patients were asked to do full inspiration and
full expiration (phonation). Static images and real
time cine videos were acquired and edited using
built in software in ultrasound device (Logiq P5).
To obtain other static image and get measurements
required.

The acquired photo and cine movies are ana-
lyzed and processed using built software in the

Fig. (1): An ultrasound image of a male patient 30 years old
with no signs or symptoms of vocal cord paralysis
showing normal anatomy of different laryngeal struc-
tures: 1-Strap muscles, 2-Outer thyroid plate, 3-
Ventricular folds, 4-Paraglottic space, 5-Inner thyroid
plate, 6-Pyriform sinus, 7-Arytenoid cartilage, 8-
Inter-arytenoid distance.

Table (1): Showing the results of visual analysis of cine videos.

Known paralyzed = Known normal
No. (%) No. (%)
Laryngeal US:
Positive 24 (80%) 3 (20%) 27
Negative 6 (10.0%) 27 (90%) 33

30 30 60
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ultrasound device (logiq P5) where the interaryte-
noid distance is measured by measuring the distance
between the hyperechoic arytenoids cartilages
which is seen in the transverse oblique (caudal
oblique). In addition to assessing the mobility of
each cord separately visually on real time ultra-
sound and documented by cine videos.

Results

Acquired images and cine videos are analyzed
first to identify anatomy of different laryngeal
structures (Figs. 1,2), visual observation of vocal
fold and arytenoid cartilage mobility, identify the
affected side in case of unilateral paralysis and
sensitivity and specificity of laryngeal US in as-
sessment vocal cord paralysis (Tables 1,2), then
Built in software is used to calculate interarytenoid
distance during phonation (length min) and during
respiration (length max) (Fig. 4), (Table 3).

Fig. (2): Another ultrasound image of the same patients
showing normal anatomy of different laryngeal struc-
tures: 1-Anterior part of vibrating vocal fold, 2-
Posterior part of vibrating vocal fold, 3-
Thyroarytenoid muscle, 4-Posterior cricoid plate, 5-
Anterior commissure.

Table (2): Showing sensitivity and specificity of laryngeal
ultrasound in diagnosis of unilateral vocal cord
paralysis.

Sensi-  Speci-

tivity ficity PPV NPV  Accuracy

Laryngeal  80%  90%  80%  90% 85%
US
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Fig. (3): Another ultrasound image of 32 years old female
with clinical signs and symptoms of vocal cord
paralysis ultrasound images shows left vocal cord
abductor paralysis during both (&) Inspiration the
right cord is abducted and the left cord is adducted.
(b) During phonation where both cords are adducted
yet the left one is nearer to the mid (unopposed
adductor).

Analyzed images showed that the mean length
min in patients with normal cord mobility was
0.43+0.18cm. The mean length of length max
showed to be 0.99+0.23cm. Yet in group Il with
unilateral cord paralysis mean length min was
0.39+0.21cm. The mean length max to be 0.78+
0.3 1cm. (Table 1). Also, the percent of changein
length was much lessin group 2 (unilateral ab-
ductor vocal cord paralysis) than group 1 (Fig.
4). (Table 3).

Table (3): Shows mean length min, mean length max and
percent of change in length in both groups.

Control Vocal Fold
(Grl) Paralysis (Gr2)

7 p Sig.
Mean =SD Mean =SD

Lengthmin. 043 018 039 021 0036 S

Lengthmax. 099 023 078 031 0381 NS

Length % of 5757 1441 4821 1717 0006 HS
change

Length % of change

Control Vocal Fold
(Gr1) Paralysis (Gr2)
Fig. (4): Shows percent of changein length islessin group
I with vocal cord paralysis.

Another finding after data analysisisthat the
age is significantly correlated with the length min.
i.e.. The more the age, the less the length min.
(r=0.494). (Table 4).

Table (4): Shows percent of change in length with aging.

Length Length Length %
min max. of change
Age:
r 0.494 0.162 -0.561
p 0.044 0.534 0.019
Sig. S NS S
Discussion

Great thanks for the pioneer Manuel Garcia
(1805-1906) who was the first to perform laryngo-
scope in vivo. Which was then followed by gradual
upgrade in the basic approach of examining the
pharynx and larynx, this upgrade was greatly aided
by the dramatic improve in the available technology

(9.

Starting with indirect mirror examination which
has some limitations including archiving and doc-
umentation difficulties in addition to subjective
difficultiesin reliably recognizing side of lesion
and learning curve in acquiring maintaining skills
with a significant failure rate which mandates
direct endoscopy prior to the era of readily available
flexible endoscopy.

Where endoscopic assessment, either with a
rigid or flexible laryngoscope remain the gold
standard which has replaced mirrors due multiple
reasons including better resolution and higher
sensitivity. In addition to better documentation
based on Video recording which in term have many
advantages including the displayed anatomy is
magnified, Recognition of the anatomical structures
and anomaliesis easier, and manipulation of airway
devicesisfacilitated. All this advantages made
video techniques the optimum method for teaching.
Although there is no series complication caused
by the use of fiberopticlaryngoscope yet it still
lakes the diagnosis of extra luminal causes (eg.
Thyroid, lymphnodes etc.)and hidden laryngeal
spaces as paraglottic and pre epiglotic. In addition
to decreased patient compliance due to discomfort
which occur with variable degrees and occasional
epistaxis [10] .

With the increasing need for the diagnosis of
extra luminal cases of vocal cord paralysis cross
sectional imaging (CT and MRI) isincreasingly
used to assess the vocal cord with established
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features as in cases recurrent laryngeal nerve pa-

ralysis which may be explained by atrophy of the
thyroarytenoid muscle and an enlarged ventricle,

ipsilateral enlargement of the pyriform sinus, para
median position, decreased size and/or fatty
infiltration of the true vocal cord [11].

Y et cross section imagining (CT & MRI) was
still deficient in real time assessment of vocal cold
mobility in addition to respiratory movement which
will affect image quality, other considerations such
as uncooperative patients and children which may
require Sedation other disadvantagesin CT is
radiation dose delivered and in MRI time consumed
which increase the possibility of motion artifact
together With other limitation such as claustropho-
bia and some non MRI compatible devices eg.
Cochlear implants, cardiac pacemaker [12].

In 1984, Shawker and others used real-time
ultrasound to assess the motion of tongue, hyoid
bone and larynx during swallowing in ten normal
subjects [13].

Nowadays laryngeal us has become a power
full dependable bed side non invasive more or less
ideal diagnostic tool For the assessment of vocal
cold mobility pre operatively not only for good
tissue differentiation but also for proving real time
dynamic vocal cord evaluation with records. An-
other essential advantage that must be put in con-
sideration, is diagnosis of vocal cord paralysisin
pediatric. First, it is safe (non radiation dependent,
painless and non-invasive) and so it's well-tolerated
by infants and children. The presence of portable
US devices made it possible to do the US bedside
or in the operating room. Second, judgment of
vocal fold immobility isreliable. Third, laryngeal
US s recordable where we can calculat the angles
of glottic structuresin normal and paralyzed chil-
dren [6].

The aim of our study is to evaluate the validity
of sonography as an imaging tool in identifying
normal ranges and abnormalities of laryngeal dy-
namics and anatomic structures and to determine
the optimal scanning technique in terms of trans-
ducer selection and orientation. We managed to
achieve these goals by: (1) Anatomical identifica-
tion of laryngeal structures, (2) Visual judgment
of vocal cord and arytenoids cartilage movement,
(3) Measurements of interarytenoid distances, (4)
Calculating the percent of change in length min
and length max in individuals with normal cord
mobility and in patients with unilateral vocal fold
abductor paralysis, (5) Assessment of age variations
in normal individual.
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Going through our results, we concluded that
laryngeal US s areliable technique to judge vocal
mobility before neck surgery with sensitivity(80%),
specificity (90%), PPV (80%) and NPV (90%).
This results were comparable with another study
by done by, Wong et al,2013, China when assessing
the sensitivity, specificity, positive predictive value,
and negative predictive value of laryngeal US
which was 93.3%, 97.8%, 77.8%, and 99.4% re-
spectively [14].

Miguel et al., 2017, spain also agreed with our
study on laryngeal USin assessing vocal cord for
mobility post thyroidectomy, with sensitivity
(93.3%), specificity (96.1%), and predictive value
(positive, 82.3; negative, 98.6) [15].

Going through our analysis, we found that
interarytenoid distance vary obviously between
the phonation and inspiration stages, being greater
in respiration more than during phonation with a
mean percent of change in interarytenoid length
of 57.57%14.41%. We aso found that the interar-
ytenoid distances during phonation to be lower in
unilateral cord abductor paralysis patients with
mean value of 0.39+0.21cm with statistically sig-
nificant difference than normal group 0.43 +0.18.
Thisfinding is due to the fact that in case of
unilateral abductor paralysisthe vocal cordisfixed
near mid line due to unopposed adductor effect,
so the distance will be less than the control group.
Also the percent of change in length was lessin
group Il (unilateral vocal cord palsy) than group
I. This could be attributed to limited mobility of
the paralyzed vocal cord.

By studying the effect of age on laryngeal
measurements. We found that, there isa statistically
significant inverse correlation between age and
the change in Iength which was more evident in
males (r=—0.49), i.e.: the more the age, the less
the change in length between phonation and respi-
ration. This could be attributed to many possible
factors such as ossification of the laryngeal skele-
ton, reduced muscle volume with a preferential
loss of type | (slow contracting) muscle fibres,
arthritic changesin the cricothyroid and cricoary-
tenoid joints, an increase in density of collagen
deposition and decreased hyaluronic acid in the
lamina propria, and atrophic changes in the epithe-
lial layer and last but not |east, the gradual dimi-
nution of lung capacity.

We faced multiple limitations in our study
including non fitting surface of the linear probe to
neck contour. Another limitation evolved during
our work, which is with concurrent movement of
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the thyroid cartilage, it is difficult to stabilize the
transducer. Our patients were instructed not to hold
their breath and avoid swallowing movement.
Usually vocal cord movement can be plainly ob-
served during quiet respiration. Laryngeal cartilage
calcification can also lead to variable imaging and
poor visualization of intralaryngeal structure such
as the vocal cords and arytenoid cartilage.

Borel et al., 2016, France also agreed with US
were they reported non visualization of the vocal
folds occurred in 27.2% of cases which was attrib-
uted to thyroid cartilage calcification(morein male
gender and with age), weight and short neck [16].

Conclusion:

Laryngeal ultrasound proved to avalid tech-
nique to identifying laryngeal structures, measures
various distances inside the larynx and diagnose
vocal cord paralysis. We recommend to consider
laryngeal ultrasound as areliable imaging modality
to judge vocal cord mobility before neck surgery.
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