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Background

The optimal treatment of subglottic stenoses requires an 
experienced team, routinely dealing with airway pathologies. 
Various surgical techniques are now available to even offer 
complex patient acceptable long-term solutions. A close 
collaboration between surgeons, otorhinolaryngologists, 
phoniatrists, pulmonologists and anesthesiologists 
is essential and pre- and post-operative care of this 
interdisciplinary team is pivotal. The preoperative 
examination includes a full endoscopic documentation 
of the pathology. Moreover, a measurement of the voice 
quality, lung function and swallowing function belongs to 

the standard assessment before and after surgery. These 
measures are of crucial importance in order to evaluate a 
success of an intervention. The goal of a laryngotracheal 
procedure is not only to restore sufficient airway width but 
maintaining laryngeal function is at least equally important 
as it has a strong impact on patients’ quality of life. A 
successful repair of a subglottic stenosis requires precise 
knowledge of the anatomical peculiarities of the larynx. 
Depending on the etiology and the severity of the stenosis, 
a surgical procedure tailored to the individual patient has to 
be found. For this purpose, an exact patient medical history 
is required that identifies possible causes such as previous 
intubation, endoscopic treatments or tracheostomy. Usually, 
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patients having received multiple pre-treatments require 
more complex surgical procedures (1). An active systematic 
or autoimmune disease, as well as a malignant disease must 
also be excluded (2).

Assessment

A prerequisite for the planning of the surgical procedure 
is a precise endoscopic assessment of the stenosis. The 
severity and extent of the narrowing is documented. 
Usually, the Cotton-Myer grade is used to describe the 
residual lumen (3). The proximity of the scar tissue to 
the vocal fold is determined and an involvement of the 
vocal chords or the arytenoid cartilages by the scar tissue 
is documented. The length of the stenosis and the entire 
trachea is also measured (4).

Surgical techniques

The first publications on the treatment of subglottic stenoses 
reach back to Pearson et al. (5) (1975) and Grillo (6) (1982)  
and subglottic surgery has evolved since then. In general, 
three basic surgical techniques can be distinguished. 
The standard cricotracheal resection is the technique 
of choice for scar tissue primarily involving the anterior 
subglottic area. If other parts of the subglottis (such as in 
the lateral area or the posterior cricoid plate) are affected, 
a cricotracheal resection has to be extended by additive 
techniques in order to remove the entire scar tissue. 
An extended cricotracheal resection includes a dorsal 
mucosectomy, a lateral cricoplasty and/or a partial anterior 
split of the thyroid. If these techniques still do not result in 
satisfactory glottic width, laryngotracheal reconstruction 

with rib cartilage interposition has to be performed. This 
results in an enlargement of the subglottic area, especially 
in patients with significant side-to-side narrowing of the 
subglottis.

Preparation

The patient is prepared in the supine position with the neck 
overextended. For ventilation, either a laryngeal mask or a 
preexisting tracheostomy is used. The cervical incision is 
performed at the level of the cricoid. This is followed by the 
preparation of the underlying platysma, fat and division of 
the strap muscles in the midline. When the deeper layers are 
reached, a retractor ring facilitates the exposure of the surgical 
field. Larynx and trachea are carefully prepared and visualized. 

A traction suture in the anterior cricoid arch is useful to 
retract the larynx and trachea during preparation from the 
surrounding tissue. The cricothyroid muscles (Figure 1A) 
are carefully detached from the cricoid (Figure 1B). The 
preservation and refixation of these muscles at the end of 
the procedure ensures an improved postoperative outcome 
(Figure 1C) (7).

Standard cricotracheal resection

The trachea is divided distal to the stenosis and two lateral 
traction sutures are placed. Cross-table ventilation by a 
sterile endotracheal tube is initiated. The cricoid arch 
is now separated along the cricothyroid membrane and 
removed with a bilateral oblique cut through the cartilage 
to the dorso-caudal direction (Figure 2A,B,C).

In anterior type stenosis, the entire scar tissue is removed 
together with the cricoid arch and healthy mucosa should 

Figure 1 The laryngotracheal junction is exposed (A). The cricothyroid muscles are detached from the cricoid (B) and can be reinserted at 
the end of the procedure (C).
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have been reached proximally and distally. The distal 
trachea is now prepared so that it can be adapted to the rest 
of the cricoid. Dorsally, the cricoid plate is anastomosed 
with the trachea using a 5-0 PDS running suture. Single 
4-0 PDS sutures are then placed at the lateral and 
anterior portions of the anastomosis. This is performed in 
intermittent apnea phases. The neck extension is reduced 
and nerve hooks are used to adapt the running suture of the 
back wall. Finally, the sutures are tied down (Figure 2D).

After the anastomosis has been carefully closed, 
ventilation can be resumed via the laryngeal mask. A final 
bronchoscopy is done to examine the anastomosis. After 
inserting a Redon drainage, the wound is closed layer by 
layer. To reduce the tension, the head is kept in a head 
cradle during the first 2–3 postoperative days. 

Extended cricotracheal resection

If the scar tissue also affects the lateral or dorsal parts of the 
subglottis, standard cricotracheal resection is usually not 
sufficient to reach healthy mucosa at the resection margins. 
Therefore, cricotracheal resection has to be combined with 

additive procedures. 
Dorsal mucosectomy is usually necessary for subglottic 

stenoses affecting the mucosa on the cricoid plate. A 
U-shaped incision in made on the dorsal mucosa reaching 
cranially until healthy mucosa is reached. The scar tissue 
can easily be separated from the perichondrium of the 
cricoid plate using a fine beaver knife (Figure 3A,B) (8).

The denuded cartilage is covered with a dorsal flap of 
the distal tracheal mucosa. The mucosal flap is sewn to the 
mucosa of the glottis with a running 5-0 or 6-0 PDS suture 
(Figure 3C). For the sutures of the lateral and anterior part 
of the anastomosis 4-0 PDS is used and the anastomosis is 
closed with gradual adaptation (Figure 3D,E).

The lateral cricoplasty is particularly appropriate for 
subglottic stenoses with moderate side-to-side narrowing. 
This method was first described by Liberman and 
colleagues (9).

The healthy mucosa is carefully separated laterally from 
the pathologically thickened submucosa. The submucosa is 
reduced by a wedge while the healthy mucosa is preserved. 
The mucosa is then laterally tacked to the cartilage using 
two to three 6-0 PDS stiches (Figure 4).

Figure 2 The cricothyroid membrane is incised using a scalpel (A) and the removal of the anterior cricoid arch is completed using heavy 
scissors (B). Intraoperative aspect after resection of the cricoid arch is shown in (C). A thyro-tracheal end-to-end anastomosis is performed 
using 4-0 PDS single stitches for the anterior and lateral portions of the anastomosis (D).
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Single-stage laryngotracheal reconstruction

In some complex cases a sufficient subglottic width 
cannot be achieved by mere resection. This is particularly 
true in cases with a side-to-side stenosis at the glotto-
subglottic level. In these cases, a glottic enlargement has 
to be performed using a rib cartilage interposition. The 
development of the adult laryngeal reconstruction goes 

back to Couraud and colleagues. In contrast to the Couraud 
technique, the modified technique described by the Vienna 
airway group does not require postoperative stenting (10).

After removing the cricoid arch, the anterior thyroid 
is either split completely or only partially. If necessary, a 
mucosectomy of the scar tissue is performed on the cricoid 
plate. The cricoid plate is then completely split along its 

Figure 4 Subglottic stenosis with significant lateral submucosal scar formations is shown in (A). A lateral cricoplasty using a scalpel is 
performed (B). After re-adaption of the lateral mucosa, a significant increase in the subglottic lumen is reached (C).

Figure 3 A scalpel is used to peel off the dorsal scar from the perichondrium of the cricoid plate (A). After completion of the dorsal 
mucosectomy, a sufficient lumen of the subglottis is achieved (B). Afterwards the cricoid plate is covered by a mucosal flap raised from the 
distal trachea (C) and anastomosis is completed (D). The surgical specimen consists of the cricoid arch and the dorsal mucosa (E). 
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midline (Figure 5A). The tissue behind the cricoid plate is 
carefully mobilized to create a little pocket for the cartilage 
interposition. An approximately 3 cm large rib cartilage 
graft is harvested from the costal arch near the sternum 
through a second incision. Special care has to be taken not 
to open the pleural cavity. The cartilage is tailored using a 
scalpel (Figure 5B). Two flanges laterally will later prevent 
the cartilage graft from dislocation. Additionally, four 6-0 
prolene single stitches are used to secure the graft in its 
correct position (Figure 5C). 

A dorsal mucosal flap is prepared from the distal 
trachea (Figure 5D). The trachea is modeled anteriorly in 
a V-shape to be inserted into the anterior thyroid split. 
If available, ventilation can be switched to a jet ventilator 
during laryngeal reconstruction and anastomosis, which 
significantly facilitates surgical exposure (Figure 5E). 

The cartilage interposition is carefully closed with the 
dorsal mucosal flap (Figure 5F). 

The anterior split is also precisely readapted and 
anastomosed to the anterior tracheal wedge (Figure 5G). 

Ventilation can be changed back to the laryngeal mask 

and bronchoscopy is performed to assess the anastomosis. 
If significant glottic swelling occurs, a temporary mini-
tracheostoma (size 5 or 6) can be inserted distal to the 
anastomosis. Usually, it can be removed after 3–4 days when 
the glottic edema has resolved.

Conclusions

In experienced centers, the surgical treatment of benign 
subglottic stenosis leads to excellent outcomes (11,12). 
Long-term patency of the airways and maintenance of 
laryngeal function can be achieved (13). Both factors are 
critical to the quality of life and patient satisfaction after 
the procedure (14). Therefore, patients with subglottic 
stenoses should be referred to specialized centers with 
interdisciplinary teams experienced in surgical repair of 
subglottic stenosis. 
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Figure 5 Intraoperative aspect after complete anterior and posterior split of the larynx is shown in (A). The rib cartilage graft is prepared to 
fit into the posterior laryngeal split (B). Although sufficient stability is reached by the lateral flanges, the cartilage graft is secured with four 
6-0 stitches (C). The dorsal reconstruction is covered with a liberal mucosa flap raised from the distal trachea (D). During reconstruction, 
Jet ventilation facilitates exposure and manipulation in the surgical field (E). The anastomosis is completed by a single-running suture for 
the posterior aspect, the anterior and lateral portions are anastomosed using 4-0 PDS single stitches (F). A wedge raised from the anterior 
tracheal wall is used to increase the diameter of the subglottis by partial interpositioning into the anterior laryngeal split (G). 
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