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ABSTRACT

Introduction : Upper airway ob-
struction is a continuous challenge in
diagnosis especially if surgical inter-
vention is required. [1-2-3-4-5] Virtual
laryngoscopy (VL) is a technique for
creating computer simulations of
anatomy from radiological image data
and viewing those simulations in a
way that is analogous to conventional
endoscope. [6]

Aim of the work : The aim of this
work was to evaluate the results of
surgical reconstruction and to com-
pare the findings with virtual laryngos-
copy (VL) and conventional endosco-
Py in diagnosis of upper air way
obstruction.
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Patients and methods : A prospec-
tive study was done at Mansoura Uni-
versity Hospitals at Departments of
Otolaryngology and Cardiothoracic
surgery, on thirty two patients with an
age range of 14-72 years.

Resuits : Patients presented with
upper airway obstruction, 15 cases of
laryngeotracheal trauma, advanced
laryngeal carcinoma (10 patients), 2
patients of cervical tracheal carcino-
ma, and granulomatous lesions (5 pa-

tients). Fiberoptic and rigid endoscopy

were attempted in all patients. Biopsy
was done for 28 patients to confirm
diagnosis. Spiral CT was performed
with slice thickness 2 mm, pitch 1.2
mm, and reconstruction .interval 1.5
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mm. CT data was transferred to wo-
rkstation software to analyze both
ante-grade and retrograde endolumi-
nal VL with conventional endoscopy
and operative findings. Patients pre-
sented with cancer and trauma were
operated for laryngectomy and laryn-
gotracheo-plasty. Rigid endoscopy
showed upper airway obstruction in 8
patients transglottic carcinoma (65%),
1 patients in granulomatous lesions
(18%), and 3 (20%) cases of trauma
with total success rate 41%. VL
showed all luminal obstruction. Only
three cases the narrowed segment le-
ngth was less than operative meas-
urement with total accuracy (94%).
Operation was done for traumatic and
cancer patients, comparing the rustles
of operative finding and VL.

Conclusion : We conclude that
high resolution and multiple image of
VL are depicting the intraluminal and
transmural extent of laryngeal disease
non- invasively especially in traumatic
causes. Surgical repair is a challeng-
ing procedure, however, it could be
done with a good results and minimal
morbidity and mortality. The mobiliza-
tion of the trachea and larynx is es-
sential step for closure sutures with-
out tension is highly important. The
usage of neck collar in the opposite
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manner is useful to prevent patient
from neck hyperextension and disrup-
tion of tracheal sutures.

INTRODUCTION

Subglottic obstruction is one of the
most important causes of upper air-
way obstruction, especially if extend-
ed to the cervical trachea resulting in
variable degrees of upper airway ob-
struction. [7). Grillo 1982, classified
upper airway into four groups. Man-
agement of laryngeotracheal obstruc-
tion is a challenging problem that de-
pends on several factors as the
etiology, site and severity of intralumi-
nal obstruction.[5-7-8].

Endoscopy is an essential stage
in management of laryngo-tracheal
disorder, but remains a difficult proce-
dure especially in infants. Until now,
the entire upper airway area could not
be visualized by fiber optic endoscopy
unless a tracheostomy is performed.
Consequently, the caudal extent of
the upper airway obstruction can not
be endoscopically observed. [9].

Recently, the most useful diagnos-
tic imaging technique for laryngotra-
cheal stenosis is spiral CT scanning
with multiplanner reformation. Virtual
endoscopy (VE) is a new technique
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used for creating computer simula-
tions of anatomy from radiological im-
age data and viewing those simula-
tions in a way that is analogous to
conventional endoscopy. VE is a non-
invasive procedure and can produce
new views such as retrograde views
of endoluminal airway anatomy and
external views.[10-9-11-12-13].

AIM OF THE WORK

Our aim of this study was to evalu-
ate the results of surgery to laryngeot-
racheal obstruction and to compare
the operative findings with the preop-
erative virtual and conventional en-
doscopy. Demonstrate the role of heli-
cal CT scan with 3D virtual
laryngoscopy VL in evaluating pa-
tients with laryngotracheal stenosis in
order to define the line of manage-
ment.

PATIENTS AND METHODS

Thirty two patients (19 male and
13female) in this study presented with
stridor and suspected for upper air-
way obstruction with variable degree
of stridor. The age ranged 5-65 years
with mean age of 35 years. All pa-
tients were presented in otolaryngolo-
gy service.

All of patients had ENT examina-

tion and fiberoptic laryngoscopy.
Eighteen patients presented with se-
vere stridor were tracheostomized ur-
gently. Post intravenous contrast spi-
ral CT of the neck with 3D VL as well
as conventional laryngoscopy and
bronchoscopy were performed for all
of the patients under general anesthe-
sia with biopsy in 21 out of 32 pa-
tients. Four of the tracheostomized
patients underwent retrograde fibe-
roptic endoscopically under local
anesthesia through the tracheotomy
opening to determine the extent of ob-
struction as it was difficult to pass the
rigid laryngoscope.

We used a Toshiba Asterion VS
power helical CT scanner. The laryng-
es were scanned by high speed heli-
cal CT using the following parameter ;
X- ray beam collimation 3mm table
speed 6mm /sec, FOV 10 ¢m, recon-
struction interval 1mm, slice thickness
1.5 mm, pitch 1.7 and breadth hold 30
seconds. All patients received 100 ml
of iopamiro administered via a power-
ful injector at a rate of 2 mi/sec using
a 40 second initiation. In addition to
the standard images raw data from
helical scans was saved and trans-
ferred into a second workstation to
retrospectively generate 3 D models
(virtual laryngoscopy images). The 3D
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VL images were reconstructed using
a CT threshold value of - 600 HU to -
100 HU for mucous membranes. The
optimal viewing angles and degree of
rotation were determined depending
on the exact location of the target.
The VL program allows for display of
multiple images; an endoluminal
views, and views of the related CT
slice. Helical CT and VL images were
reviewed to estimate the level, extent,
and cause of stenosis. We compared
the results of helical CT, VL and CL.

As regards the anesthetic tech-
nique, the anesthetists prefer to use
an armored endotracheal tube. Un-
coffed no. 5 or 6 endotracheal tube
should also be available that may be
required at the end of the procedure.
On the operative set, another arom-
red tube no. 7 is nessary for ventila-
tion across the surgical field when di-
vision of the airway has taken place.
During completion of the anastmosis,
intermittent ventilation with 100% oxy-
gen permits up to 2 minutes of apnea
for suture placement. As for monitor-
ing is concerned, oximetry and end ti-
dal carbon dioxide measurements are
routine. Both are important when in-
termittent apnea is employed.

All cancer patients were operated
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upon for classical total laryngectomy
with neck dissection.

One patient operated for resection
of laryngoscleroma and did the same
way of traumatic management. Trau-
matic patients operated on for exci-
sion of the obstructive lesion and re-
constructed by classical laryngo-
tracheo-plasty. We did a transverse
incision and localize the obstructed
segment and resected. Mobilization of
the trachea down to the carina and la-
rynx up to the hyoid bone provided a
tensionless suture line and facilitate
the closure of the tracheal rings with-
out tension. In some cases, stent of
the endo-tracheal and larynx up to the
under surface of the vocal folds was
used. We used the Montgomery type

‘'stent with tracheostomy opening. Clo-

sure with vicryl 3.0 in interrupted man-
ner. We used a neck collar in oppo-
site position prevent the hyper
extension of the neck and disruption
of sutures. All operated patients sent
for ICU for 2 days then get back to the
ward. All patients were discharged af-
ter 10 days. Removal of the stent at
one month later under general anes-
thesia and rigid endoscopy.

RESULTS
We had no perioperative mortality
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or morbidity for all patients operated
in this study.

All patients were sent home by the
day of 10 days postoperative.

Early complications included the
need for prolonged intubation be-
cause of glottic or anasmotic edema
in five patients, superficial wound in-
fection in three patients and suture
granuloma in two patients that re-
quired brnchoscopic removal. No ma-
jor early complications as far for
bleeding or anastomotic deheisance
or skin rupture.

All patients were instructed for fol-
low up every two weeks in the outpa-
tient clinics.

The site and causes of upper air-
way obstruction were classified into
groups as shown in tables [1] and [2].

The endoscopic diagnoses of air-
way obstruction included 14 patients
with localized laryngeal lesion, 5 cas-
es with laryngeotracheal lesions and
remaining13 cases of localized laryn-
geal obstruction. Failure of passage
of rigid laryngoscope and broncho-
scope were in(19) patients due to
near total obstruction or presence of
laryngeal edema and fracture.

Both VL and CL were able to
detect accurately the presence of
narrowing lumen (Figuers 1, 2, 3, 4 &
5).

The presence of upper airway ob-
struction and its site were correlated
between VL, RL and open surgical
findings. The Vertical extent of
stenosis could be delineated with VL
in all cases while it was not measur-
able in four cases by CL due to sever
stenosis in three cases and spinal
kyphosis preventing passage of rigid
endoscope in the remaining one.
Table (3],

In cases operated for correction
of this obstruction, the findings were
much correlated with VL finding RL
showed upper airway obstruction in 8
patient’s transglottic carcinoma
(65%), 1 patient in granulomatous le-
sions (18%), and only three cases of
trauma (25%) with total success rate
38%. VL showed all luminal obstruc-
tion. Only three cases the narrowed
segment length was less than opera-
tive measurement (9.4%), one case of
cancer not defined in VL as it was
mobile 3%. In granulomatous lesion
VL showed 4 patients accurately as
the crustation problem (80%) and the
overall success rate was 94%
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Table (1): Site and etiology of upper airway obstruction:

Site Trauma Cancer Granulomatous Total
Laryngeotracheal 4 % 1 5
Tracheal 11 2 0 13
Laryngeal 0 10 4 14
Total 15 12 5 32
Table (2): Types of trauma:
Site Blunt trauma Post intubational Post Total
tracheostomy
Tracheal 4 5 2 11
Laryngeotracheal 2 2 0 4

Table (3): Localization of upper airway obstruction:

Etiology Virtual laryngoscopy Rigid laryngoscopy
Trauma 15 (100%) 3 (20%)

Cancer 11 (92%) 8(65%)
Granulomatous 4(80%) 1(18%)

Success 30(94%) 12(38%)
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Conventional CT scan
showing the obstructed site

& A Exposure of stenotic segment cervical trachea

B Resected\stenotic segment with two end exposed

C Resected stenotic part D  Closure of the tracheal ends
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External view virtual of the larynx and cervical trachea with tracheostmy tube
showing the obstructed site.

MANSOURA MEDICAL JOURNAL




238 LARYNGO-TRACHEAL OBSTRUCTION : RESULTS etc.

DISCUSSION
Teacheo- laryngeal surgery is one
of the most technically challenging ar-
eas in all of thoracic surgey. Diagnos-
tic precision is essential, operative
timing must be carefully juged, opera-
tive technique is exacting and posto-

perative care must be meticulous.[14-
15-16],

As described by most authors in
laryngotracheal reconstruction we
used the wide transverse neck expo-
sure and good homstatic feild. Expo-
surde of the trachea and the larynx up
to the hyoid bone and down to the su-
pra sternal notch. Meticulous dissec-
tion with identification of the recurnt
laryngeal nerves in both sides and
preserving the blood supply of the tra-
chea. Carfull tracheal mobilization

hepl in reanstomosis without tension.
[7-14-5]

Virtual CT scan is used in the
analyses of the larynx, tracheo-
bronchial tree, colon, vasculature,

craniofacial skeleton, and the axial
skeleton.[17-18-19-20]

VL allowed for display of multiple
images including endoscopic view, an
external view and axial CT slices. The
ability to accurately recreate the up-
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per airway, analyze its structural ab-
normalities, measure lesions, and fly
through the lumen suggests an aug-
mentative role for VE. [21],

The external and endoscopic
views are accurate in detecting the
vertical extent of stenosis. The view of
related axial CT slices give additional
information as cartilages invasion,
fracture or dislocation, infiltration of
the adjacent soft tissues and lymph
nodes which are important specially in
tumor staging and therapeutic plan-
ning. The simultaneous display of en-
doscopic and external views together
with related axial CT slices allowed
for better delineatation of the stenotic
lesions. [22],

Burke et al 2000 and Lecasse et al
2004 found that VL had its closest
correlation to conventional endoscopy
in analysis of airway obstruction. They
stated that, there is no gold standard
for comparing head to head measure-
ment accuracy for two modalities,
which is why their results are present-
ed as the difference between the ac-
tual and virtual data. They found ac-
curacy of VE 95% in correct diagnosis
of airway obstruction which is coming

with our study as VE accuracy is
942 [13-21].
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All cases of traumatic stenosis
were soft tissue in nature and could
ba chown by both VL and in only one
can bass RL in old trauma. Examina-
tion of relate axial CT images was be-
neficial as it was able to exclude as-
sociated cartilaginous fracture or
dislocation. One of these cases
showed interruption of the stenotic
segment by a short area of normal di-
ameter. Fried et al 1999, stated that in
their work VL showed more non inva-
sive data and can used for acute cas-
es which matched with our results. In
our study, the success of VL was
100%, which matched with most of
authors-[23]. The VL gives more infor-
mation about the external frame of the
larynx and cervical trachea which was
helpful in surgical localization and la-
ryngo-tracheo-plasty. [23-24]

In cases of granulomatous steno-
sis, VL was able to detect the soft tis-
Sue lesions causing the narrow which
appeared as circumferential soft tis-
sue thickening. One of these cases
showed extension into the trachea
while no case extend to the level of
true vocal cords. one case did not vis-
ualized accurately due to the lesion
Crustation was mobile (80%). The en-
doscopic biopsy and tissue diagnosis
in one case was still required which

can be performed only by RL that
showed 18% visualization only due to
marked stenosis. [25],

In cancer patient 8 patients 65%
can pass RL, five cases of upper air-
way tumors extension, and two cases
bulky tumor, the tumor was not assi-
sts by RL due to bulky tumor size ob-
structing the lumen. VL can give ac-
curacy and detailed in 11 cases
(92%) that showed luminal obstruc-
tion and extension of the tumor the
only case not showed results was due
swallowing artifacts ASchoff et al.
1988 showed in his study that swal-

lowing artifacts affect the results of
VL. [24-26-27-28-29]

Maintaining neck flexion in the
postoperative period is an essential
step to ensure tension free suture
line. Suturing the chin to the front of
the chest is a classic and effective
method although non-comfortable to
the patient. Many authors have de-
scribed alternative methods for neck
flexion. [8]. The technique we utilized
using the neck collar in the opposite
direction proved effective and in the
same time avoided patient discomfort.

CONCLUSION

Diagnosis of airway disease, air-
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way patency, lesion length and cross
sectional area is important aspects of
the management of airway disease,
usually requiring invasive endoscopy,
which is not without risk to the patient,
although RL is still the gold standard
for the evaluation of stridor and air-
way obstruction.

VL is non invasive technique has
valuable role in laryngotracheal ob-
struction to guide the surgeon for di-
agnosis and selection of surgery re-
quired.

VL has advantages over rigid la-
ryngoscopy RL in that: it is non inva-
sive and can produce unconventional
views such as retrograde views of en-
doluminal airway anatomy and exter-
nal anatomical views.

Surgical repair is a challenging
procedure, however, it could be done
with a good results and minimal mor-
bidity and mortality.

The mobilization of the trachea
and larynx is essential step for clo-
sure sutures without tension is highly
important.

The usage of neck collar in the op-
posite manner is useful to prevent pa-
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tient from neck hyperextension and
disruption of tracheal sutures.
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