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Background

Laryngotracheal stenosis (LTS) is a rare condition that can 
be caused by various benign and malignant diseases. The 
abnormal narrowing of the upper airway leads to severe 
dyspnea and treatment is inevitable (1,2). The etiology of 
LTS can be grouped into acquired and congenital causes. In 
adults LTS is mostly acquired and can result from previous 
intubation or tracheostomy, systemic disease, trauma, 
infection, or idiopathic reasons. Congenital causes mostly 
affect children and include laryngeal atresia, laryngeal webs, 
and complete or absent tracheal rings (3,4). 

The therapeutic strategy for subglottic stenosis 
is dependent on the disease itself and patient-bound 
parameters. Regardless of the nature of the underlying 
disorder, the treatment of LTS requires a high level of 
expertise, careful diagnosis and an experienced surgical team 
that can handle extended operative techniques (5). The 
Laryngotracheal Team Vienna was founded in 2010 with 
the purpose of concentrating these rare operations within a 
dedicated team. The core team is formed by three thoracic 

surgeons, three phoniatricians and a dedicated anesthetist. 
Pediatric pulmonologists, pediatric surgeons and pediatric 
cardiac surgeons augment the expertise for selected 
cases. Besides a structured documentation, a complete 
morphological and functional assessment of the larynx 
including voice and swallowing function is performed in 
every patient before and after the operation. Pre- and post-
operative lung function tests, indirect videolaryngo(strobo)
scopy, as well as analyses of swallowing [flexible endoscopic 
evaluation of swallowing (FEES)] and voice and are 
performed and prospectively documented (Table 1).

Contemporary laryngotracheal surgery can provide a 
complete and long-term restoration of the airway. In the 
vast majority of patients, lung function parameters return 
to normal and breathing related symptoms are revealed. 
Unlike endoscopic procedures, surgery leads to excellent 
long-term results. Recent work from the Boston Airway 
Group and data from the North American Collaboration 
of Airway Surgeons report a surgical recurrence rate of 
12–28% for endoscopic laser resections or dilatation, but 
only 1% for surgical treatments (2,6,7). One of the main 
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arguments used against primary surgery is that voice and 
swallowing are impaired to a higher degree compared to 
endoscopic procedures. This view is not supported by 
evidence. In experienced hands, laryngotracheal surgery 
can be performed with only a minimal impact on glottic 
functions. We and others have shown that the best results 
can be obtained in patients primarily referred to surgery 
(8,9). Pre-treated patients usually require more extended 
surgical techniques and functional outcomes are worse than 
in previously untreated patients (6,7).

Tools of functional assessment of the glottis

Transnasal videolaryngo(strobo)scopy

Transnasal videoendoscopy of the larynx, preferably 
using chip-on the tip endoscopes, combined with a 
video documentation is an indispensable part of pre- 
and postoperative functional assessment (Figure 1). In 
a completely awake patient, supra-, intra- and high 
infraglottic morphological and functional abnormalities can 
be visualized. Chip-on the tip transnasal videoendoscopy 
is the current gold standard to assess respiratory vocal 
fold mobility. Additional stroboscopy helps to evaluate 
the glottic closure /incompetence and the muscle tone. 
In experienced hands, the information obtained goes far 
beyond a mere documentation of a vocal fold paralysis. A 
selection of abnormalities is described below:

Impaired abduction of the vocal fold
Unlike vocal fold paralysis, vocal fold abduction is preserved 
but reduced. Unilateral impaired abduction can be the result 
of a scar band, partially fixating the vocal fold—a situation 
frequently found after a failed attempt of laser enlargement 
of a subglottic stenosis.

Arytenoid tilting
When lateral parts of the cricoid are resected too liberally 
or in cases of extensive mobilization of the larynx, the 
anchoring of the arytenoids by surrounding soft tissue can 
be weakened. This can result in an inspiratory protrusion of 
the arytenoids into the airway.

Arytenoid fixation or ankylosis of the cricoarytenoid 
joint
Ankylosis results in a fixation of the joint mostly due to a 
scar in the posterior aspect of the glottis or after long-term-
intubation.

Vocal fold edema
Swelling of the glottic area is something frequently 
encountered after high cricotracheal resections or 
intralaryngeal reconstructions. A significant swelling with 
temporal stridor is observed in 30–40% of laryngotracheal 
resections/reconstructions. Transnasal laryngoscopy should 
be liberally used to monitor the extent of swelling and guide 
therapy (Videos 1,2).

Fiber-optic/FEES  

A FEES should be routinely performed before and after 
repair of a LTS (Figure 2). A preoperative swallowing 
assessment is essential to assess the risk for postoperative 
impairment of swallowing and thus determine the optimal 
mode of postoperative nutritional delivery. A FEES 
consists of a flexible (video) laryngoscope in combination 
with an evaluation of the patient’s swallowing mechanism. 
Dyed food (e.g., dyed saliva, pudding, yogurt, crackers) 
in different consistencies are sequentially given to the 
patient. The pharynx and larynx are viewed, and the 

Table 1 Functional assessment before and after laryngotracheal 
resections

Transnasal videolaryngo(strobo)scopy

Flexible endoscopic evaluation of swallowing (FEES)

Voice assessment (perceptual voice sound scaling, voice range 
profile, Goettingen hoarseness diagram)

Voice Handicap Index (VHI)

Dysphagia Handicap Index (DHI)

Figure 1 Shows a typical setting of a transnasal videolaryngoscopy 
with a chip-on the tip endoscope. The digital recording helps to 
facilitate diagnosis and to document findings.
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safety of swallowing is determined. Besides documenting 
the patient’s ability to swallow different consistencies, 
laryngoscopy provides physicians with information 
pertaining to the mobility of vocal folds (10). A structured 
FEES should include a separate reporting of pooling 
(retentions of food in the mouth or pharynx), penetration 
(food or liquids go into the airway as far as the glottic level), 
or aspiration (food or liquids can be found below the vocal 
folds). The information if aspiration or penetration results 
in an adequate coughing reflex is especially important. A 
preoperative FEES assessment mainly serves to obtain the 
baseline and to screen for preexisting abnormalities. During 
the early postoperative course FEES can be used as a guide 
to decide on the start of oral intake. 

Resections and reconstructions of the laryngotracheal 
border zone can directly impact swallowing function. 

Swallowing is a complex interplay of a variety of nerval and 
muscular structures. Unlike general beliefs, postoperative 
swallowing impairment is not solely dependent on the 
vocal fold function. Equally important are a preserved 
laryngeal elevation as well as tilting of the epiglottis. For 
standard cricotracheal resections, postoperative swallowing 
impairment is rare but the incidence of transient disorders 
increases when the resection reaches up to the level of 
the vocal folds. Laryngotracheal reconstructions with 
rib cartilage interpositions represent the highest risk of 
postoperative penetration/aspiration. Therefore, oral intake 
should be paused in the early postoperative phase and FEES 
should be used to decide when to start oral feeding.

Subjective voice assessment

Voice assessment is measured by perceptive evaluation of 
voice quality and acoustic analyses. The so-called RHB 
scale defines roughness, breathiness and the overall grade of 
dysphonia (hoarseness) as judged by the listener on a scale 
of 0 to 3 (0: normal, 1: mild, 2: moderate, 3: severe). 

Objective voice assessment 

A complete workup of voice includes recording of the 
speaking and the singing voice. Software supported 
quantification of voice parameters can be recorded 
including phonation time, shimmer and jitter by using 
the DiVAS voice diagnostic tool (XION medical, 
Berlin, Germany). The Goettingen hoarseness diagram 
represents an evolution of the quite basal RHB score 
towards a semi-quantitative documentation system of 
voice quality. It describes the periodicity (roughness) and 
the noise content (breathiness) of voices (Figure 3). The 
voice range profile (minimum and maximum intensity 
levels across the vocal range) is usually determined 
before and three months after an operation involving the 
laryngotracheal border zone (Figure 4). 

Questionnaire/patient-based assessment—Voice Handicap 
Index (VHI) and Dysphagia Handicap Index (DHI)

Patient based questionnaires are increasingly used to 
determine voice quality and swallowing function. The  
VHI (11) contains 30 questions concerning voice limitation. 
The items are divided into 3 areas: functional, physical 
and emotional aspects of voice disorder. Each of the 30 

Figure 2 A flexible endoscopic evaluation of swallowing (FEES) 
allows a detailed examination and documentation of swallowing. 
The report is made according to the Langmore Protocol.
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items is evaluated by the patient on a scale from 0 to 4. 
Gradations between never [0], rare [1], sometimes [2], often 
[3] and always [4] are possible. A score of 120 represent the 
maximum disability that can be recorded. 

The DHI (12) is a 25-item questionnaire assessing the 
physical, functional, and emotional aspects of dysphagia and 
the effect on patients’ quality of life. The DHI provides a 
broad picture of the health of an individual and can assist 
physicians in the decision-making process of care. The goal 
is to provide an efficient and clinically relevant patient-
reported outcome tool for dysphagia. 

Surgical techniques and functional outcomes

Literature on functional outcome after laryngotracheal 
surgery is sparse. Published evidence is limited to a handful 
of publications, mainly looking at standard cricotracheal 
resection (Grillo technique). Little is known about 

the impact of extended procedures such as posterior 
mucosectomy, lateral cricoplasty, anterior laryngeal splits 
or laryngotracheal reconstructions with dorsal rib cartilage 
enlargements grafts. Available evidence is summarized 
below:

Cricotracheal resection (Grillo technique)

This standard procedure was first described by Grillo in 
1982 (13) has achieved excellent functional results for the 
treatment of subglottic stenosis (14-16). The technique 
was adopted by most airway groups, many of which have 
meanwhile reported large series of patients with high 
operative success rates and low complication rates (17-22). 
The Grillo technique led to excellent long-term results 
in patients with an anterior or circular type of stenosis. 
Interestingly, the preservation of the Musculus cricothyroideus 
seems to be important and might lead to a better voice 
function postoperatively (1,23).

Extended cricotracheal resection (including posterior 
mucosectomy and lateral cricoplasty)

The standard technique of cricotracheal resection does 
not consider lateral narrowing in the subglottic space. A 
modification of the standard Grillo technique was described 
by Liberman and colleagues (24). The “tailored cricoplasty” 
allows increased postresectional luminal diameter of the 
subglottic airway. Early- and midterm outcome in the 
initial report by Liberman were favorable. None of the 18 
patients required reoperation, tracheostomy or readmission 
during the follow-up period. To date, there is no literature 
on functional outcome, but there is evidence that the extent 
of the height is crucial for postoperative results: the higher 
and closer the vocal fold to the resection is, the greater is 
the impact on voice. A different approach to increase the 
subglottic diameter has been proposed by Ciccone et al. (25).  
After resection of the anterior portion of the cricoid ring 
and cricothyroid membrane, a longitudinal incision on the 
midline with an extent of 2 cm (partial laryngofissure) is 
performed. This technique proved to be sufficient obtaining 
an optimal caliber and permanent enlargement of the 
subglottic space with only one anastomotic suture.

Laryngotracheal reconstruction

The Couraud technique combines a subglottic resection 

Figure 3 The Goettingen hoarseness diagram is a tool to 
objectively quality of voice.



2146 Rahimi et al. Functional evaluation in airway surgery

© Translational Cancer Research. All rights reserved. ansl Cancer Res 2020;9(3):2142-2148 | http://dx.doi.org/10.21037/tcr.2020.02.53

with an enlargement of the glottis (26). Couraud and 
colleagues developed this reconstructive procedure in 
the 1980s and used the technique in twelve well selected 
patients. One of the patients died but the remaining 11 were 
reported to have good functional results and acceptable 
quality of voice (27). Additional information was reported 
by Morcillo and colleagues (28): a group of 20 patients 
underwent laryngotracheal reconstructive surgery between 
1986 and 2011. There was one patient with temporary 
swallowing disorders postoperatively, and 4 patients 
required reoperation for restenosis or larynx inconsistency. 
Although satisfactory outcomes, the technique carries the 
disadvantage of postoperative stenting. A modification 
of Couraud’s technique was developed by the Vienna 
Laryngotracheal Team (8). Despite the complexity of such 
a reconstruction the functional outcome was excellent in 
all of the five initially reported cases. Anastomotic healing 
was good, postoperative lung function parameters were 
improved, and voice quality was found to be excellent 
to satisfactory. Only a mild impairment in the measured 
hoarseness parameters was found. Current literature from 
Lausanne, Switzerland by Monnier (29) suggests good 

functional results using a similar technique in children.

Conclusions

Overall, few studies describe the functional outcome 
of patients after cricotracheal resections. The surgical 
procedure almost leads to a cure but is  always in 
competition with endoscopic procedures. For this reason, 
it is essential to accurately assess the functional outcome of 
surgical interventions. We have evaluated patients receiving 
laryngotracheal interventions pre- and postoperatively 
for 10 years. Our standard protocol measures voice, lung 
function and swallowing function using the techniques 
and tools described above. An optimal treatment, 
however, always requires a multidisciplinary assessment 
of the patient‘s individual situation by thoracic surgeons, 
phoniatricians, speech language pathologists, ENT 
surgeons, pulmonologists and anesthesiologists.
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