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Summary

Between 1965 and 1985, 47 cases of glottic and|or tracheal stenosis were diagnosed
at the Rocky Mountain Regional Spinal Cord Injury System. A retrospective
review of medical records identified associated injuries, pulmonary and other medical
complications in this patient population. Radiographic and endoscopic reviews
utilised a grading system to classify the severity of stenosis. The clinical symptoms of
stenosis were multiple, including dysphonia, aspiration, dysphagia, odynophagia,
dyspnea and excessive secretions. The wide spectrum of treatment modalities included
endoscopy with excision and|or dilation, general medical management, steroids,
radiation therapy, intubation, stent insertion and surgical repair of the stenotic
area. Outcome status was reviewed and suggestions provided for the early diagnosis
and treatment of this potentially life-threatening condition.

Key words: Intubation; Laryngostenosisy Spinal cord injuries; Tracheal stenosis;
Tracheotomy.

Introduction

A variety of circumstances, such as internal or external trauma, endotracheal
intubation or tracheotomy, benign or malignant neoplasms, irradiation and
congenital anomalies, can cause glottic or tracheal stenosis. In 1932 Clausen
reported the first case of post-intubation subglottic granuloma and these prob-
lems have been described widely in the literature since that time. There has
been little information available, however, regarding the problems of glottic or
tracheal stenosis in a spinal cord injured (SCI) population (Grillo, 1979; Baker,
et al., 1984).

Intubation may be necessary for the treatment of respiratory failure. In the
SCI individual, intubation may be indicated for airway protection or mainten-
ance, assisted ventilation and pulmonary hygiene. The complications of endo-

* This paper was presented at the Twelfth Annual Scientific Meeting of the American Spinal
Injury Association in San Francisco, California in March, 1986.
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tracheal intubation and tracheotomy are the same in the general population as in
SCI; however, stenosis is more poorly tolerated in the quadriplegic or paraplegic
who has compromised respiratory function. This study describes the complica-
tions and treatment methods utilised in SCI individuals with glottic or tracheal
stenosis.

Patients and methods

Between 1 January 1965 and 31 December 1985, forty-seven SCI patients were
diagnosed to have glottic or tracheal stenosis. The diagnoses were made on the
basis of symptomatology, physical findings, endoscopic examination, poly-
tomography and CT scan. A retrospective analysis of the patients’ medical
records and x-ray films was performed. The following classification system was
used to grade the severity of stenosis: Grade I (mild)—less than 209, stenosis;
Grade II (moderate)—209%, to <509, stenosis; Grade III (severe)—509, to
<80°, stenosis; Grade IV (inability to pass endoscope or complete airway
obstruction)— > 809, stenosis.

Results

During the 21-year period of the study, there were 3877 first admission SCI
patients, of whom 47 (1-29, incidence) were diagnosed to have glottic or tracheal
stenosis. This may not be the true incidence of the disease process, as less
severe cases may not have been diagnosed in the earlier years: the incidence
between 1979 and 1985 was 2:09,. The patients included in this study consisted
of 38 males and nine females with a mean age of 30-6 years. The ages ranged
from 15 to 62.

The causes of injury are illustrated in Table I. Motor vehicle accidents

Table I Etiology

No. %
Motor vehicle accident 30 (64%,)
Sports 7 (15%)
Struck by object 3 (6%)
Gunshot wound 3 (6%
Diving 2 (4%
Fall 1 (2%)
Other 1 (2%)

Table II Last Preserved Neurologic Level

No. %
C2 6 13%)
C3 9 19%)
C4 9 (19%)
C5 8 (17%)
Cé6 6 13%)
c7 4 (9%)
T4 2 (4%)
T5 1 (29%)
Té6 1 (2%)
T7 1 2%)
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accounted for 649, of the injuries, followed by sports-related accidents at 159,.
The last fully preserved neurological levels are indicated in Table II. Ninety-
one percent of the patients (43/47) were motor complete.

Thirty-six of the 47 were known to have required endotracheal intubation for
an average length of 11-2 days. Twenty-nine individuals required temporary
tracheostomy, for an average length of 174-3 days. Fifteen individuals were
permanently intubated.

Associated injuries are shown in Table III. Twenty individuals were reported
to have head and/or chest injuries. Eight patients had soft tissue neck injuries,
and four of these included demonstrable laryngeal fractures.

Table III Associated Injuries

No. %
Head injury 18 (38°)
Chest injury 10 (21%)
Soft tissue neck injury 8 (17%)
Larynx fracture 4 9°)

Table IV Pulmonary Complications

No.* %
Pneumonia 31 (71°)
Atelectasis 30 (68°,)
Tracheobronchitis 6 (14°,)

* Totals more than 47 as some patients had more
than one complication.

Table V Symptomatology

Number times

reported
Dysphonia 27
Aspiration 12
Dysphagia 11
Pain, odynophagia 10
Dyspnea 10
Excessive secretions 10
Stridor 8

Tracheocutaneous fistula 7
Difficulty inserting/removing trach tube 6
Wheezing, bronchitis 5
Respiratory arrest 4
Incidental finding on bronchoscopy 2
Unable to insert suction tube 1

A wide variety of pulmonary complications were identified in this patient
population (Table IV). Pneumonia and atelectasis were detected in more than
two-thirds of the patients. Tracheitis and bronchitis were reported less fre-
quently. Other medical complications observed were anaemia, infectious
diseases, hypoalbuminemia, hypotension, and dehydration.

The frequency of the symptoms of stenosis is indicated in Table V. Vocalisa-
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tion problems including dysphonia, aphonia, whispered voice or ‘air-escape’
hoarseness were the most frequently reported symptoms. Aspiration, dysphagia,
pain or odynophagia, dyspnea, and a variety of other symptoms were reported
less frequently. Although excessive secretions were noted to be the presenting
symptom in 10 individuals (219;), a review of the records indicated 609, of the
patients had moderate to copious secretions that required frequent suctioning.

The degree of glottic or tracheal stenosis was determined by endoscopy and
the patients were classified into four categories of severity. The patients were
also divided into categories based upon the location of the stenosis (Table VI):
Ten had a glottic stenosis, 19 had a tracheal stenosis, and 18 had both. Eigh-
teen of the individuals with tracheal stenosis had stricture at the stoma area, 12
had a combination of a cuff and a stoma stenosis, five had stenosis in multiple
areas, one had only a cuff stenosis, and one had only a tip stenosis.

Table VI Location and Severity of Stenosis

Severity classification

I 11 III v
(very severe
(mild) (moderate) (severe) to complete) Total
Glottic 13 5 7 3 28
Tracheal 10 12 7 8 37
Radiographic findings

Radiographic correlation with the endoscopic examination indicated the CT
scan was superior to tomography in grading the severity of stenosis (Table VII).

Table VII Radiographic and Endoscopic Correlation of Stenosis Grading

Agree Disagree 1 Grade variation
Tomogram
Glottic 330, 170, 50°,
Tracheal 67°, 8°, 259%,
CT
Glottic 69°, 6°, 250,
Tracheal 73°, 9°, 189,

Table VIII Endoscopic Findings in Patients with Glottic
Stenosis (N = 28)

NO.* ()v0
Inflammatory edema and erythema 28 (100°,)
True vocal cord pathology 19 (68,)
Blunting of anterior commissure 8 (299%,)
Posterior commissure granulation 8 (299,)
False vocal cord pathology 8 (29%)
Glottic web 6 (219%,)
Epiglottic fold thickening 5 (18%)
Cartilage fracture-dislocation 4 (14%)
Arytenoid swelling 3 (11%)

* Totals more than 28 as some patients had more than one
finding.
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CT scan grading had higher agreement with endoscopic grading than did tomo-
graphic grading. Roentgenographic examples are shown in Figures 1 to 10.

Figures 1 and 2 Supraglottic Stenosis. The CT scan shows progression from mild thickening
of the aryepiglottic folds (arrowhead Fig. 1) to severe stenosis (Fig. 2).

Endoscopic findings

The endoscopic methods used in these patients included indirect laryngoscopy,
direct fiberoptic laryngoscopy or bronchoscopy, and intra-operative rigid
laryngoscopy or bronchoscopy. The patients with glottic stenosis had chronic
inflammatory edema and erythema (Table VIII). True vocal cord adhesions,
fixation, ulceration and decreased mobility were frequent. Other common find-
ings included blunting of the anterior commissure, posterior commissure
granulation tissue, and false vocal cord pathology. Table IX shows endoscopic
findings in patients with tracheal stenosis. All patients had chronic inflammatory
edema and erythema. In addition, granulation or scar tissue, tracheomalacia,
tracheal ulceration and tracheal web were noted.

Table IX Endoscopic Findings in Patients with Tracheal
Stenosis (N = 37)

No.* Un
Inflammatory edema and erythema 37 (100°,,)
Granulation tissue 8 (22°)
Tracheomalacia 8 (22°,)
Firm cicatricial tissue 3 (8%
Tracheal ulceration 1 39)
Tracheal web 1 3%

* Totals more than 37 as some patients had more than one
finding.
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Figure 3 Figure 4

Figure 6
Figures 3 to 6 Glottic Stenosis. The CT scan demonstrates rapid progression over 48 hours

from moderate (Fig. 3) to very severe stenosis (Fig. 5) secondary to edema. A different CT cut
shows similar progression (Figs 4 and 6).
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Figure 7 Stomal Stenosis. An AP tomogram shows a 50°, stenosis at the tracheostomy site
(arrowhead).

Treatment

The general medical treatments included improving hydration, correcting any
underlying respiratory disease, using antibiotic therapy, correcting anaemia,
and providing nutritional support. Oral steroids and local steroid injections
were used in four patients, three of whom had grade III or IV stenosis. Three
individuals with grade III or IV stenosis received radiation therapy to the granu-
lation tissue. Microendoscopic excision and electrocautery of granulation or
scar tissue with dilation of the glottis or trachea was the treatment used for 39
patients. The endoscopic treatment was successful for most of the patients with
grade I or II stenosis following one or two dilations. However, patients with
grade III or IV stenosis required multiple dilations to maintain an adequate
airway (Table X).

Tracheotomy was another method of treatment. A Montgomery tracheal T-
tube was inserted in eight patients, six of whom had a grade III or IV stenosis.
Four individuals required insertion of a laryngeal keel, of whom three had grade
IV stenosis. Six patients required repair of tracheocutaneous fistulae and four
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Figures 8 and 9 Cuff and Distal Tube Stenosis. The CT shows the normal calibre of the
trachea (Fig. 8) with a small granuloma posterior to the tube. The trachea then narrows 30—40°,
(Fig. 9) at the distal cuff site or lower portion of the tracheostomy tube.

Figure 10 Tip Stenosis. A granuloma at the tip of the tracheostomy tube (arrowheads) is
severely compromising the outlet.
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Table X Endoscopic Dilation and Severity of Stenosis

Classification
Dilations Patients 1 11 111 v
1 21 12 7 2 0
2 9 3 3 2 1
3-5 5 0 0 2 3
>5 4 0 0 0 4

had a tracheoesophageal fistula repair. There were six individuals who required
tracheoplasty, and five of them had grade III or IV stenosis.

Twenty-nine patients were eventually extubated and 15 have permanent tra-
cheotomy tubes at the time of this study. Seven of these individuals require full
or part-time ventilator support via the tracheotomy. There are eight patients
who are intubated because of unresolved stenosis. Four of the individuals are
using Montgomery tracheal T-tubes and the other four utilise various other
types of tracheotomy tubes.

Four patients from the study have expired and all of them had tracheotomy
tubes at the time of death. One individual was a ventilator dependent quadri-
plegic with a grade II tip stenosis who died suddenly at home. Another ventilator
dependent quadriplegic died during his initial hospitalisation. The pressure on
the ventilator was found to be extremely high before death. The autopsy revealed
severe inflammation and tracheal stricture from granulation and scar tissue that
extended 4 cm in length. These patients’ deaths raise the question of a possible
obstruction at the tip of the tube.

Discussion

Whited (1984), in a prospective study, has shown a 129, incidence of chronic
laryngotracheal stenosis in patients who had endotracheal intubation for more
than ten days. Pearson, et al., (1968) and Andrews, et al., (1971) reported
approximately 209, of patients who were managed with tracheotomy and
assisted ventilation developed functionally significant tracheal stenosis. Follow-
up studies of survival in critically ill adult patients revealed a 659%, prevalence of
tracheal stenosis after tracheotomy (Stauffer, er al., 1981). In our experience,
approximately 159, of all paraplegics and quadriplegics required tracheotomy;
139, of these had laryngotracheal stenosis.

The majority of persons who incur SCI are injured in motor vehicle accidents.
This group of people have an increased chance of laryngeal or tracheal injury.
When the SCI patient has a laryngeal or tracheal injury, it is not repaired
immediately because of neck instability and other more pressing medical
concerns. However, cartilage fracture-dislocations should be reduced as soon
as possible. The concern with spinal instability and the avoidance of flexion
or extension of the neck creates problems when these patients are intubated
(Applebaum, 1979). To minimise glottic and tracheal trauma, there are several
steps clinicians can take: (1) Avoid prolonged endotracheal intubation (Whited,
1984). (2) Perform tracheotomy in the operating room and use standard
tracheotomy technique to minimise trauma and preserve the integrity of the
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cartilage. (3) Control infection with appropriate antibiotics when indicated
(Sasaki, er al., 1979). (4) Avoid high tracheotomy at or above the second
tracheal ring (Friedman, et al., 1983). (5) Perform coniotomy only as an
emergency measure and convert to a standard tracheotomy as soon as possible.
(6) Emphasise local tracheotomy site hygiene by the nursing staff and respiratory
therapists (Sasaki, et al., 1979).

Many SCI patients have concomitant head injuries. Due to their agitation
and confusion, it is often difficult to secure the tracheotomy and connecting
tubing. These patients may require mild sedation and/or restraint to prevent
pulling on the tubing. The tracheotomy tube should be tied securely around the
neck. Cuff inflation is indicated for several medical conditions, such as aspiration
problems, pneumonia, atelectasis, and bronchitis. The length of time a cuff is
inflated is related to the degree of pressure necrosis; however, this may be less
critical than the pressure of the inflatable cuff (Arola and Anttinen, 1979). This
is a problem in the SCI patient because many high level cervical injury patients
require tracheotomy and ventilator support. These patients are now surviving
longer and are consequently more likely to develop stenosis. A compliant, low
pressure cuffed tube should be used (Grillo, et al., 1971). Periodic cuff deflation
is necessary to minimise pressure necrosis. Smaller sized tracheotomy tubes are
preferred when pulmonary stability has been achieved and should be uncuffed
whenever possible. A light, pliable connector between the tracheotomy tube
and respirator should be used to reduce stoma problems (Andrews and Pearson,
1971).

Despite improvements in tracheotomy tube contour, the chemical properties
of tube materials and introduction of the low pressure cuff, the incidence of
glottic or tracheal stenosis is not decreasing. It has been suggested that other
medical problems such as anaemia, hypoalbuminemia, and hypotension
(Andrews and Pearson, 1971) may contribute to the development of stenosis.

When clinical symptoms suggest glottic or tracheal stenosis, endoscopy is the
most reliable diagnostic procedure. Care must be taken to evaluate the entire
laryngotracheal complex for the presence of both glottic and tracheal stenosis,
even when only one location is suspect. The most commonly used diagnostic
radiographic techniques for identifying stenosis are polytomography and CT
scanning. Other diagnostic tools include xeroradiography, flow-volume loop
(Payne, et al., 1973), acoustic reflection technique (Hoffstein and Zamel, 1984)
and contrast laryngotracheogram. Conventional tomography has the advantage
of defining the length of a stenotic segment (Gamsu and Webb, 1982). In addi-
tion, tomography can be done in patients who have metal tracheotomy tubes,
whereas CT imaging is distorted by metal induced artifacts. However, CT is
superior in many respects. It can demonstrate adjacent soft tissue structures
within and outside the laryngotracheal complex. It is also more accurate in
grading stenosis because comparisons of the anterior—posterior diameter, side-
to-side diameter, and measurements of the cross-sectional areas can be made
(Griscom, et al., 1982). It is possible to reformat CT images in the saggital and
coronal planes. CT exposes the patient to less radiation than does tomography.
Both CT and tomography are best performed with the tracheotomy tubes
removed because it is difficult to define the degree of stenosis with either
method when a tube is present (Gamsu and Webb, 1982). The medical and
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safety implications for tube removal must be determined before proceeding
with a radiographic evaluation.

There are several treatment options available for glottic and tracheal stenosis.
The choices depend upon the severity of the problem (Norris, 1978; Cracovaner
and Chodosh, 1978; Bone, 1979; Lucente and Biller, 1979; Montgomery, 1979).
The individual with a mild, asymptomatic stenosis can be observed (Geffin,
et al., 1971). However, when these individuals develop upper respiratory
infections, bronchitis, pneumonia or excessive secretions, the severity of stenosis
must be considered while treating the patient. In more severe stenoses, the
types of treatment depend on the grade and extent of the stenosis (Simpson,
et al., 1982). In the symptomatic patients, the integrity of the cartilage, other
respiratory problems, and the tendency towards keloid formation will have an
impact on the success or failure of treatment.

The most conservative, safe and least traumatic treatment for stenosis is
dilation during endoscopy (Strong, et al., 1979). Gentle dilations augment the
natural healing processes (Holinger, et al., 1976) but the success has been
inconsistent, particularly in more severe degrees of stenosis.

The CO, laser is a new method for managing stenosis (Friedman, et al.,
1983). It can vaporise scar and granulation tissue with minimal bleeding and
with minimal damage to healthy tissue. It can be used during endoscopy or in
conjunction with tracheoplasty (Dedo and Sooy, 1984). The successful use of
laser treatments depends on the availability of the equipment, the location of
the stenosis, the familiarity with its use by the otolaryngologist and anaesthesio-
logist, and a variety of safety factors.

In this study the actual benefit achieved by four patients receiving oral steroids
or intralesional steroid injections is not known. The efficacy of steroids in
treating stenosis remains controversial (Bone, 1970; Friedman, er al., 1983).
Prolonged steroid usage may predispose the patient to infection and may delay
healing. In addition, steroids administered during periods of assisted ventilation
may predispose the patient to stoma stenosis (Andrews and Pearson, 1971).
Radiation therapy is another treatment option. Limited and localised radiation
might be helpful in severe cases of tracheal stenosis, however, over-exposure to
radiation may cause scar formation.

If the SCI patient requires general anaesthesia, several precautions should be
taken when there is either suspected or known glottic or tracheal stenosis. These
patients are difficult to intubate and the anaesthesiologist may be unable to
remove the endotracheal tube after surgery. The trauma of intubation may
obstruct a marginal airway. During the post-extubation period the patient
should be watched carefully for signs of respiratory distress resulting from
temporary edema. It has been demonstrated that the majority of patients with
tracheal stenosis become symptomatic within two months following extubation
(Geffn, er al., 1971; Webber and Grillo, 1978). Dane (1975) has suggested
routine endoscopic or radiographic assessment 2 to 4 weeks after extubation.

Conclusion

Clinicians should be aware of the causes, symptoms and complications related
to glottic and tracheal stenosis. This can be a life-threatening situation in the



GLOTTIC AND TRACHEAL STENOSIS 147

SCI patient who already has compromised pulmonary function. A knowledge of
the diagnostic and treatment modalities can assist in the early detection and
management of this condition.
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