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Laryngotracheoplasty (LTP) is sti-
ll the procedure of choice in children
for the repair of symptomatic subglot-
tic stenosis (1). In LTP, the diameter of
the laryngotracheal complex is usually
augmented with a cartilage interposi-
tion graft placed through a longitudi-
nal incision in the cricoid cartilage (an-
terior and/or posterior) and in the upper
tracheal ring(s). LTP may be performed
as a one stage procedure (tracheal intu-
bation for a short period) or in several
stages (with tracheostomy and/or stent).

Costal and auricular cartilages are
the most common tissues employed in
LTP. The utilization of the superior
(alar) portion of the thyroid cartilage
for one-stage LTP has been recently
described by one of the authors (VF)
(2,3).

The objective of the present work
is to describe our experience with
TAC laryngotracheoplasty in chil-

Thyroid alar cartilage (TAC) laryngotracheal
reconstruction for severe pediatric

subglottic stenosis*

JOSÉ CARLOS FRAGA – Associate Profes-
sor of Pediatric Surgery, School of Medicine,
and Graduate Program in Medicine: Surgery,
Universidade Federal do Rio Grande do Sul;
Staff Pediatric Surgery, Hospital de Clinicas of
Porto Alegre, Rio Grande do Sul, Brazil.

LUCIANO SCHOPF – Pediatric Surgeon;
Graduate Student, Graduate Program in Me-
dicine: Surgery (MSc).

VITO FORTE – Associate Professor, De-
partment of Otolaryngology, University of
Toronto; Staff Otolaryngologist, Hospital for
Sick Children, Toronto, Ontario, Canada.

� Endereço para correspondência:
Dr. José Carlos Fraga
Rua Ramiro Barcelos 2350, sala 600
90430-000 – Porto Alegre – RS – Brazil
� jcfraga@conex.com.br
� +55-51-316-8232

* Presented at the 2000 Annual Meeting of
the section on surgery of the American
Academy of Pediatrics, Chicago, October
2000 and published out Journal of Pediatric
Surgery, August 2001.

dren with a diagnosis of severe
subglottic stenosis.

P ATIENTS AND METHODS

TAC laryngotracheoplasty was per-
formed on six children with severe
subglottic stenosis at the Hospital de
Clinicas de Porto Alegre (a teaching
hospital in southern Brazil) in the peri-
od from September, 1995, to June, 1999
(Table 1). Mean age was 16.6 months
(ranging from 16 days to 28 months).
Two children were intubated due to
congenital subglottic stenosis. Four had
a tracheostomy, 3 due to severe postin-
tubation subglottic stenosis and 1 due
to congenital subglottic stenosis.

The stenosis was graded following
the criteria of Cotton (6): grade I – obs-
truction of less than 70% of the lumen;
grade II – obstruction of 70 to 90% of

the subglottic region; grade III – obs-
truction of more than 90% of the lu-
men, but with some visible orifice; gra-
de IV – complete obstruction.

A longitudinal incision was perfor-
med through the anterior cricoid carti-
lage and was extended inferiorly into
the tracheal ring(s) (Figure 1A). The
stenotic region was assessed to deter-
mine the size of the graft required to
cover the laryngotracheofissure. No
tissue was removed from the stenotic
site. A nasotracheal tube of adequate
caliber was then carefully inserted and
fixed. In children with previous tra-
cheostomy, the tracheocutaneous fis-
tula was removed and the tracheal wall
in the orifice was sutured (5-0 PDS).
From then on, ventilation was performed
only through the nasotracheal tube.

The TAC was exposed and the size
of the graft to be removed was deter-
mined (Figure 1A). The cartilage graft
along with the external perichondrium
was then removed leaving the internal
perichondrium in situ (Figure 1C). The
graft was carved and sutured into posi-
tion with 5-0 PDS with the perichon-
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drium turned intraluminally (Figure 1B).
A small Penrose drain was placed.

All the children received pro-
phylactic antibiotic therapy for 24

hours. Extubation was performed ini-
tially 2 to 3 weeks after laryngotrache-
oplasty under endoscopic visualization
in all cases. However, in the last chil-

dren in the series, extubation was at-
tempted sooner. Extubation was per-
formed under systemic steroid cover
(dexamethasone 1 mg/kg/day) initia-
ted 48 hours prior to extubation, and
was usually maintained for 2 to 3
days following extubation.

R ESULTS

The TAC laryngotracheal recons-
truction was well-tolerated. There were
no complications at the donor site. Re-
sults are shown in Table 2.

Four children (67%) were success-
fully extubated 9 to 21 days after the
procedure (mean 15.5 days). One child
had a small residual stenotic segment
in the subglottic region (15% of the
lumen) at extubation and is asympto-
matic after more than 4 years of follow-
up. Another child experienced airway
difficulties 3 weeks after surgery. The
CO2 laser was used to resect a small
subglottic stenotic web, with no need
for reintubation. This child is asymp-
tomatic after 1 year of follow-up. Du-
ring the late follow-up period, two
other children required surgical treat-
ments not directly related to the TAC
laryngotrachoplasty: one required
surgery for GER and the other requi-
red surgical closure of the tracheo-
cutaneous fistula at the tracheostomy
site. All these children have a nor-
mal voice.

Table 1 – Age, type of stenosis, and need for tracheostomy in children submitted to
laryngotracheoplasty with thyroid cartilage

Case Age at Etiology of Site/Severity Previous
surgery stenosis of stenosis tracheostomy

1 16 days Congenital Posterior/grade II No
2 19 months Postintubation Circular/grade II Yes
3 18 months Postintubation Anterior/grade II Yes
4 18 days Congenital Circular/grade III No
5 16 months Congenital Circular/grade III Yes
6 28 months Postintubation Circular/grade III Yes

Table 2 – Type of surgery, intubation time, and follow-up of children with subglottic stenosis submitted to laryngotracheoplasty
with thyroid cartilage

Case Thyroid Extubation Postoperative Other Current status
cartilage endoscopy procedures (follow-up)

on extubation

1 Right alar 21 days Mild laryngomalacia Fundoplicature Asymptomatic
Patent subglottic region  for GER + gastrotomy Normal voice

(4 yr 9 mo)
2 Right alar 21 days Small residual subglottic – Asymptomatic, normal voice

stenosis (15%) (4 yr 7 mo)
3 Left alar 11 days Patent subglottic region – Asymptomatic, normal

voice (3 yr 5 mo)
4 Right alar Tracheostomy Laryngotracheobronchomalacia Arytenoid resection Tracheostomy (2 yr 4 mo)

Patent subglottic region
5 Bilateral Tracheostomy Laryngomalacia Arytenoid resection Tracheostomy (1 yr 6 mo)

Edema + supraglottic granulation
Patent subglottic region

6 Right alar 9 days Patent subglottic region Laser resection of Asymptomatic Normal voice
residual stenosis (1 yr 1 mo)

Figure 1 – Laryngotracheoplasty with thyroid alar cartilage. A) laryngotracheofissu-
re and preparation of alar portion of thyroid cartilage; B) Removal of and placement
of cartilage in fissure, taking care to keep a portion of the perichondrium internally;
C) Final view after the suture. Note that the internal portion of the perichondrium is
preserved at the cartilage removal site.
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Two children (33%) could not be
extubated, and a tracheostomy was
performed. One had severe laryngotra-
cheobronchomalacia and the other la-
ryngomalacia and edema, with granu-
lation tissue in the supraglottic region.
Both had no subglottic pathology at the
graft site and have undergone endos-
copic surgery for the laryngomalacia.

D ISCUSSION

During the past 30 years, LTP has
been the treatment of choice in children
with severe subglottic stenosis. Even
though LTP is indeed the procedure of
choice in children with severe subglot-
tic stenosis, the best interposition ma-
terial is still controversial. Several
types of materials have been described:
nasal septum (4), auricular cartilage
(5), costal cartilage (6), thyroid carti-
lage (7) and hyoid bone (8). Regard-
less of the type of material employed,
it is important to ensure that the graft
will be capable of surviving and gro-
wing.

Costal cartilage has been the most
common tissues employed successfully
in LTP. However, donor site morbidity
and an increase in operative time are
important considerations when deci-
ding on a donor site. The use of thyroid
cartilage as a graft in LTP is not new
(9). However, the employment of the
superior (alar) portion of the thyroid
cartilage in one-stage LTP was only
recently introduced by one of the au-
thors (VF). The same authors reported
an experimental study comparing the
application of costal, auricular, and
thyroid cartilage in LTP, and observed
that the results obtained with thyroid
cartilage were similar to the results
achieved with the other tissues (2).
Therefore thyroid cartilage seems to be
good alternative for laryngotracheal
reconstruction. However, despite these
promising results, until the present mo-
ment there were no reports of this sur-
gical technique in children with docu-
mented severe subglottic stenosis.

Our study describes children with
severe subglottic stenosis (grades II
and III), with and without tracheos-
tomy, who underwent a one-stage TAC
laryngotracheoplasty. Correction of
complete obstruction of the subglottic
region (grade IV stenosis) usually re-
quires a staged procedure with prolon-
ged stenting and tracheostomy or cri-
cotracheal resection (10).

At the beginning of our study, we
waited 3 weeks before attempting ex-
tubation. However, after the acciden-
tal extubation of one of our children on
the 11th postoperative day, without any
signs of obstruction, we felt encoura-
ged to try extubation earlier. Our last
patient was extubated 9 days after the
procedure. We prefer to perform an
endoscopic evaluation of the airway
prior to extubation rather than rely on
other pre-extubation criteria, such as
an endotracheal tube air-leak test.

The use of thyroid cartilage graft
has advantages over other types of car-
tilage grafts. The thickness of the
thyroid alar cartilage is almost identi-
cal to that of the cricoid cartilage and
requires less carving. The graft is har-
vested through the same incision
used to expose the cricoid cartilage,
eliminating the need for a second
surgical incision. In our study we did
not observe any complications at the
donor site (mean follow-up = 26
months).

Changes in laryngeal stability have
been observed in laryngotracheoplas-
ty with any type of cartilage (1). The
most commonly described changes are
prolapse of supraglottic structures
(arytenoid and epiglottis). The worse-
ning of the laryngomalacia observed in
our patients may have been associated
with thyroid cartilage laryngotracheo-
plasty. However, this type of compli-
cation was not observed in experimen-
tal studies (3). Cases of significant pro-
lapse usually improve after endosco-
pic resection of the redundant supra-
glottic tissue (1).

Removal of the superior portion of
the thyroid cartilage does not affect the

growth of the larynx (3). It is likely that
the preservation of the internal peri-
chondrium at the donor site induces the
formation of neocartilage, promoting
regeneration (3).

We have found that the use of TAC
for laryngotracheal reconstruction is a
viable alternative in children with se-
vere subglottic stenosis.
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