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ABBREVIATIONS

BiPAP — biphasic positive airway pressure
Ch — Charier
CO2— carbon-dioxide

CPAP — continuous positive airway

pressure

CSGS - congenital subglottic stenosis
CT — computer tomography

CTR — cricotracheal resection

ECTR — extended cricotracheal resection
ETT — endotracheal tube

HNR — harmonics to noise ratio

LTR — laryngotracheoplasty

MRI — magnetic resonance imaging

NG tube — nasogastric tube

PVN - per vias naturales

PCTR - partial cricotracheal resection
PICU — perinatal intensive care unit
QOL — quality of life

RDS - respiratory distress syndrome
RSV - respiratory syncytial virus
SC — sectio caesarea

SGS - subglottic stenosis

SLTP —slide laryngotracheoplasty
TIVA —total intravenous anesthesia

UDP - ultra dream pulse



1. INTRODUCTION

The adequate treatment of subglottic stenosis (SGS) is a major challenge of laryngology
even nowadays. After laryngomalacia and vocal fold palsy, SGS is the third most common
congenital laryngeal malformation. However, it is the laryngeal anomaly most commonly
necessitating tracheostomy in newborns and infants [1,2]. Low-grade congenital subglottic
stenosis (CSGS) may improve with growth, but in severe cases, no spontaneous airway
improvement is expected over time; thus, selecting the optimal surgical treatment strategy is

paramount [3].

The ultimate goal of management is to ensure an adequate airway with the preservation
of voicing and swallowing. Despite the well-defined endpoints (e.g., avoidance of a
tracheotomy, definitive decannulation, socially acceptable voice quality, safe swallowing
without aspiration), the surgical treatment of CSGS remains heterogeneous and depends almost
as much on the experience of the airway team as on the child’s condition [4]. Definitive airway
surgery is usually preceded by tracheostomy despite its many well-known physical and

psychosocial adverse effects [5-8].

In consideration of the special anatomy and vulnerable tissues of the pediatric airway,
the potentially hidden comorbidities, and the associated congenital malformations, choosing
the appropriate surgical method is crucial at this early age [9-12]. In cases of high-grade SGS,
endoscopic procedures are not suggested [13-15]. Laryngotracheal reconstruction (LTR),
cricotracheal resection (CTR), and extended cricotracheal resection (ECTR) have been used for
decades, and they have proven to be favorable solutions with good long-term results. These
complex open neck surgeries require major tissue resection, stent implantation, or airway
expansion by rib cartilage grafts [12,16]. To reduce the possible complications and maintain

airway stability extended resection of the cartilaginous framework should be limited to allow



tension-free anastomosis, and if graft implantation is necessary, well vascularized, easily
available, regional tissue is desirable. Moreover, a definitive (one-step) surgical solution is

preferable to perform as soon as possible in carefully selected patients.

Over the past three decades, the Department of Oto-Rhino-Laryngology, Head and Neck
Surgery, University of Szeged has become a regional center for patients with upper airway
stenosis. The intensive and exceptional relationship with the partner institutions made it
possible to routinely apply and improve the well-known airway reconstruction techniques not
only in adults but in pediatric patients too. The culmination of this cooperation is obviously the
introduction of different innovative surgical techniques in the most fragile subpopulations of

newborns and infants.

I have been working in the Department of Oto-Rhino-Laryngology, Head and Neck
Surgery, University of Szeged since 2015. In the first year of my residency, | joined the upper
airway stenosis workgroup under the supervision of Professor Dr. Laszlo Rovo. Over the past
6 years, | took part in several operations of different types of airway stenoses in adult and
pediatric patients too. | have also presented our related results at several Hungarian and
international conferences as well. During my daily work, one of my main tasks is the evaluation
of the preoperative and postoperative status of children with upper airway stenosis. | am also
responsible for liaising with the parents and our colleagues in the Pediatric department. Soon, |

would like to continue my career as a pediatric otolaryngologist.



2. CONGENITAL SUBGLOTTIC STENOSIS

2.1. Pathogenesis

In a full-term neonate, SGS is defined as a lumen <4 mm in diameter at the level of the
cricoid, whereas it is defined as a lumen <3 mm in diameter in preterm infants [12]. Congenital
SGS is attributed to the incomplete recanalization of the laryngeal lumen during the 10" week
of gestation [17]. It is frequently associated with other congenital head and neck lesions and
syndromes (e.g., CHARGE syndrome, Down syndrome, 22911 deletion) [18]. Failures at
different stages of recanalization of the epithelial lamina lead to various degrees of SGS [19].
This entity is closely related to laryngeal webs and atresia, which also result from a laryngeal
recanalization failure [20]. This accounts for the frequent cartilaginous subglottic component
seen in extensive glottic webs and the complete obliteration of the atretic larynx [21]. The most
frequent forms of cartilaginous CSGS are composed of a thick anterior lamina and a generalized
thickening of the cricoid ring or an elliptical cricoid [2]. CSGS amounts to 5% of all subglottic
stenoses, but its true incidence is difficult to assess as many cases are aggravated by an
emergency endotracheal intubation leading to the so-called acquired on congenital or mixed

SGS [9-12].

2.2. Symptoms

Airflow resistance is inversely proportional to the radius to the fourth power (r%) [22].
Accordingly, a 50% reduction of the radius causes a 16-fold increase in airflow resistance. This
significantly increased resistance imposes a huge physical burden on newborns and infants
equally. A cartilaginous CSGS causes biphasic stridor with a more prominent inspiratory phase.
Depending on the degree of the CSGS, typical signs of respiratory distress, such as severe

obstructive dyspnea with suprasternal or chest retractions appear right after delivery.



Nevertheless, even a 50% - 70% luminal diameter restriction can often remain asymptomatic
for weeks. However, infants with this airway status may experience recurrent episodes of croup

with a barking cough, primarily when the infection is associated with mucosal edema [23].

2.3. Diagnostics and classification

The prenatal diagnosis of subglottic stenosis is not routinely possible. The perinatal
events largely determine the diagnostic and subsequent therapeutic interventions. Indisputably,
endoscopic assessment is the golden standard for the evaluation of the compromised airway in

infants and children [Figure 1].

Figure 1: Direct laryngo-tracheoscopy - under general anesthesia via total intravenous
anesthesia and supraglottic jet ventilation - of a 3-month-old child due to mild dyspnea and

inspiratory stridor. a) 30° rigid endoscope; b) Miller laryngoscope; c) jet pipe
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During laryngo-tracheoscopy, the exact location, craniocaudal extension, grade, and
histological nature (cartilaginous/soft tissue) of a SGS can be appropriately assessed. However,
the endoscopic appearance of SGS may be disproportionate concerning the clinical presentation
as infants are remarkably tolerant to airway compromise [5]. During the endoscopic
examination, other congenital disorders of the laryngotracheal airway can be explored as well.
Imaging procedures are not required in terms of CSGS but might be useful in cases of suspected
hidden comorbidities and associated congenital malformations. In this age group, magnetic

resonance imaging (MRI) is preferred.

Since the symptoms and the applicable treatment modalities are mostly determined by
the severity of stenosis, precise evaluation of the airway obstruction is crucial. The Cotton-
Myer classification is a simple, effective, and internationally applied grading system. Originally
it was used to predict lumen surface reduction in case of endotracheal tube application, it was

then extended to describe both pediatric and adult subglottic and/or tracheal stenosis.

From To
Grade |
No obstruction | 50% obstruction
Grade I1
51%
Grade 111

Grade IV No detectable lumen

Figure 2: Cotton-Myer classification of subglottic stenosis
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The classification consists of 1V grades: Grade I: 0 to 50% decrease in lumen surface; Grade
I1: 51 to 70% decrease; Grade I11: 71 to 99% decrease, and Grade 1V—no evidence of detectable
lumen [24], [Figure 2]. In order to describe the complex anatomy of this particular area,
laryngotracheal stenosis classifications have proliferated in the literature in the last few decades.
McCaffrey et al. and Lano et al. proposed classifications to describe the extension of the
stenosis among the most commonly involved subsites: glottis, subglottis and trachea [25,26].
Meanwhile, the classic Cotton-Myer grading system was also extended, incorporating three

additional parameters: comorbidities, glottic involvement and the association of both [27].

2.4. Treatment

2.4.1. Perinatal care

Depending on the degree of the CSGS, signs of respiratory distress at delivery (such as
severe dyspnea with suprasternal or chest retractions) warrant prompt and proper airway
management to ensure adequate ventilation and oxygenation of the newborn. Routine
oropharyngeal/nasopharyngeal suctioning at birth has been the standard of care for newborns
for decades. In the mildest cases, an oxygen hood might be a sufficient solution. In severe cases
nasal high flow or nasal continuous positive airway pressure (CPAP) or biphasic positive
airway pressure (BiPAP) is necessary. When non-invasive positive pressure ventilation fails,

urgent endotracheal intubation or tracheotomy cannot be avoided.

2.4.2. Definitive treatment of congenital subglottic stenosis

Generally, children with low-grade (grade | or grade 11) CSGS do not require surgical

intervention. As affected children grow, spontaneous airway improvement can typically be
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expected [28]. Even mild grade Il stenosis can often remain asymptomatic for weeks.
However, infants with this airway status may experience recurrent airway symptoms, primarily
when the infection is associated with mucosal edema [23]. Physiological development and
growth are significantly impaired in cases of high-grade CSGS; thus, a ‘watch and wait’ policy
is not endorsed. When definitive extubation repeatedly fails, airway widening surgical
intervention is necessary. For this purpose, tracheostomy is the most commonly performed
primary intervention. As a life-saving procedure, the merits of tracheostomy are indisputable,
however, it can negatively affect voicing, swallowing, and the quality of life (QOL) [29].
Bacterial colonization and dynamic collapse of the trachea are also real threats [30-32]. A
definitive surgical solution that can be performed in one step could prevent many consequential
problems such as accidental decannulation or airway obstruction, chronic airway infection, poor
voice quality, negative effects on speech development, tracheomalacia, need for multiple

procedures, and high medical and nursing costs.

The number of surgical options has significantly increased over the past 50 years. Still,
the proper management of CSGS remains both challenging and complex [33]. Endoscopic,
minimally invasive solutions (e.g., balloon dilatation, excision or incision of scar tissue with
cold steel or CO> laser, intralesional or topical adjuvant therapy such as mitomycin-C
application or steroid injection) are optimal for patients with isolated low-grade (grade 1-11)
SGS without a history of previous treatment failure [34]. However, these techniques can also
increase the incidence of urgent/unplanned airway interventions and potentially delay a
definitive solution [35,36]. Moreover, the chance of success with endoscopic, minimally
invasive techniques decreases with the worsening of the initial grade of subglottic stenosis [13-

15].

Patients with grade IlI-1V SGS or multilevel airway stenosis mostly require open

surgical procedures [13]. Although these interventions carry a higher risk of morbidity, this is
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balanced by the fact that these treatments provide a definitive solution. In addition, we cannot
ignore the fact that the first operation provides the best chance for a successful airway
intervention [37]. Therefore, the avoidance of multiple, inappropriately selected, potentially
futile (endoscopic) airway surgeries is essential. Laryngotracheal reconstruction (LTR) and
cricotracheal resection (CTR) are the prevailing procedures globally [38-42]. In pediatric
patients, CTR provides an overall decannulation rate exceeding 80% with a highly variable
reoperation rate of 4%-41% (depending on the patient’s comorbidities and grade of stenosis).
Meanwhile, 22%-45% of patients require reoperation after LTR [10,16,40,42-47]. Significant
manipulation of the laryngotracheal framework is inevitable using these techniques. However,
by reducing the amount of resected tissue and minimizing potential graft problems, the success

rate could be theoretically increased.
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3. AIMS OF THE THESIS

1.

Introducing a novel single-stage procedure without tracheostomy and
stenting for high-grade congenital subglottic stenosis in neonates and infants to provide
an adequate airway with the preservation of voicing and swallowing.

Evaluation of the functional results of the surgery by objective and subjective tests.
Evaluation of the physical development of the patients.

Assessing long-term reliability of the procedure performed in this age of rapid

development of the laryngeal structures.

15



4. MATERIALS AND METHODS

4.1. Patients

Between January 2012 and May 2018 slide laryngotracheoplasty was performed in
seven consecutive patients on the 10", 14" 68" 105" 92" 130" and 120" days of life,
respectively. Two patients (patients #1 and #2) had been admitted to the perinatal intensive care
unit (PICU) immediately after birth, and two patients (patients #2 and #5) had been intubated
due to severe stridor and inspiratory dyspnea. One infant (patient #3) required temporarily
continuous positive airway pressure (CPAP) ventilation. One infant (patient #7) required
tracheostomy and gastrotube in the fifth week after birth. In three infants (patients #3, #4, and
#5) the severe inspiratory stridor occurred after an upper airway infection. Discontinuance of
oxygen support (patients #3 and #4) and definitive extubation (patient #5) was not possible in
these cases. Endoscopic evaluation of the airway and reconstructive airway surgery was
performed on the fifth day of intubation in patient #5 and 3 days after the onset of the dyspnea
in patients #3 and #4. Pregnancy-related information and patient data are reported in Table 1.
Preoperative high resolution computed tomography (CT) or magnetic resonance imaging (MRI)
scan was performed in all cases. The preoperative investigations included dynamic and rigid
airway endoscopy along with neonatological and neurological evaluations. Concentric
cartilaginous, Cotton-Myer grade 111 CSGS was detected with a direct endoscopic examination
in six of seven patients (patients #2-7), and patient #1 had Cotton-Myer grade Il SGS. In one

case (patient #4), CSGS was associated with Cohen grade 111 laryngeal web [48].
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: : Oxygen Feeding
Patient/sex | Birth Gestational | Apgar Wel_ght supplementation Grade .Of before Other symptoms Surger_y
age [week] | score | at birth stenosis [day of life]
before surgery surgery
1/m PVN 37 8,9,9 | 1980¢g oxygen hood grade Il per 0s - 10%
2/m SC 40 7,9,9 | 3490g intubation grade Il | NG tube - 14"
3/f PVN 38 8,10,10 | 3450g |high flow oxygen | grade IlI per 0s RSV infection, 68t

tachycardia

Tetralogy of Fallot,

4/f SC 37 7,8,9 | 23709 oxygen hood grade I11 per 0s laryngeal web, 105"
DiGeorge syndrome

RSV infection,

5/f PVN 36 _ 3300g intubation grade 11l NG tube . . 92nd
laryngitis subglottica

6/m SC 34 7,8,8 | 1850¢g oxygen hood grade 111 per 0s laryngomalacia, RDS 130"

7/t PVN 40 2,6,8 | 2390g tracheostomy | grade Il | gastro tube | DiGeorge syndrome 120"

Table 1: Pregnancy information and patient data.

f = female; m = male; PVN: per vias naturales; SC: sectio caesarea; NG tube: nasogastric feeding tube; RDS: respiratory distress syndrome; RSV: respiratory
syncytial virus
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4.2. Surgical technique

4.2.1. Endoscopic evaluation

The procedure began with the direct endoscopic examination of the upper and lower
airways to assess the craniocaudal extension of the stenosis and determine its (cartilaginous/soft
tissue) nature. Laryngo-tracheoscopy with a rigid 0° and 30° endoscope was performed under
general anesthesia via total intravenous anesthesia (TIVA) and supraglottic jet ventilation with
readiness for possible intubation. Jet ventilation was performed by using the Moonsune 111
device (Acutronic Medical Systems, Hirzel, Switzerland) with the following parameters:
inhalation time = 20%, frequency = 130/min, pause pressure = 10 cmH20, and peak inspiratory

pressure (PIP) 12 cmH20. The patient with tracheostomy was induced through the cannula.

4.2.2. Resection of the stenotic airway

After the diagnostic laryngomicroscopy orotracheal intubation was performed. The
surgery began with a horizontal collar incision made at the level of the cricoid cartilage. The
strap muscles were divided and the laryngotracheal complex was bluntly explored from the
upper edge of the thyroid cartilage to the superior mediastinum, protecting the recurrent

laryngeal nerves and the great vessels [Figure 3].
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Figure 3: The explored laryngotracheal complex with a hypoplastic cricoid cartilage.

a) Intraoperative picture; 1: thyroid cartilage; 2: cricoid cartilage; 3: tracheal cartilages

b,c) schematic drawings; anterior and lateral view

The thyroid isthmus was divided in the midline and the cricothyroid muscles were left
untouched. The cricotracheal ligament was dissected and a partial midline anterior
laryngofissure was performed dividing the cricoid and the thyroid cartilage until the level of
the anterior commissure. The cricotracheal junction was dissected circumferentially and
divided carefully avoiding injury to the esophagus [Figure 4 a]. Cross-field ventilation was
carried out using a second set of sterile anesthesia tubings. After visualization of the laryngeal
lumen a posterior cricoid incision was performed with preservation of the posterior

perichondrium, the posterior cricoarytenoid, and pharyngeal constrictor muscles integrity.
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Figure 4: Partial anterior laryngofissure.
a) Intraoperative picture; 1: incised thyroid cartilage; 2: cricoid cartilage; 3: posterior wall of the
laryngotracheal complex; *endotracheal tube

b,c) schematic drawings, anterior and lateral view
The distal trachea was mobilized until the anterior cartilage rings could be easily pulled up to
the level of the anterior commissure. The membranous part was resected till the level of the

second tracheal cartilage [Figure 4 b,c; 5].

Figure 5: Mobilized trachea.

1: resection of the membranous part; 2: anterior arch of the tracheal ring
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4.2.3. Surgical variation in case of laryngeal web

The membranous component of an associated grade 111 laryngeal web was divided in
the midline using Ultra Dream Pulse (UDP) CO: laser (DS-40U, Daeshin Enterprise, Seoul,
Korea) with 20 ms repeat time, 90 ps pulse duration, 315 W peak power, 0,16 mm spot

diameter. The cartilaginous subglottic stenosis was untouched by the laser.

4.2.4. Laryngotracheal anastomosis

An anastomosis was created between the trachea, the anterior cricoid and the midline
incised thyroid cartilage using 2.0 or 3.0 PDS suture. The anastomosis started in the posterior
midline. Two double-armed continuous locked sutures were placed clockwise and counter-

clockwise [Figure 6,7].

Figure 6: Schematic picture of the anastomosis.

Two double-armed continuous locked sutures are running clockwise and counterclockwise.
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Figure 7: An anastomosis between the trachea, cricoid and thyroid cartilage is

created. First, the posterior wall is reconstructed. Schematic drawings, anterior (a) and lateral (b) view

After the posterior wall was reconstructed the previously passed ETT was descended into the

trachea, then the sutures of the lateral and the anterior wall were completed [Figure 8].

Figure 8: After the reconstruction of the posterior wall, the ETT passed transorally into the

trachea to provide access to the anterior wall of the anastomosis. a) ETT in the tracheostomy b) the
repositioned ETT does not cover the surgical field; counter-clockwise (1) and clockwise (2) running

threads; 3: thyroid cartilage; 4: cricoid cartilage; 5: 1%t tracheal cartilage; *: endotracheal tube
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Finally, the threads arriving from the opposite directions were knotted in the anterior midline—
with the knots lying outside the airway. Thus, a continuous suture ring was created [Figure 9].

The pre-laryngeal muscles and the skin were sutured in two layers, and a 10 Ch drain (Redax -

Redon) was inserted for 2 to 3 days.

Figure 9: Intraroperative picture and schematic drawing of the reconstructed anterior (a,b) and

lateral wall (c) of the anastomosis.

4.2.5. Postoperative care

The patient was transferred to a pediatric/neonatal intensive care unit. Parenteral
antibiotic (amoxicillin-clavulanic acid 25 mg/5 mg/kg for 12 hours or depending on the
bacteriologic aspirate) was administered for 7 days. On the day of extubation (3™ through 10%"
day), the patient was given a steroid (methylprednisolone, 4 mg/kg) bolus. Nasogastric tube

feeding was continued for a few days after extubation and oral feeding started progressively.
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4.3. Functional evaluation and follow-up

The functional results of the intervention were evaluated with the efficacious help of the
parents. Length growth, body weight gain, breathing or swallowing problems were
systematically recorded. Breathing, swallowing, voice, and overall satisfaction was
assessed using a quality of life (QOL) questionnaire [16]. The following items were rated by
the parents by using the scales as indicated: dyspnea (grade 1 ‘absent’ to grade 5 ‘at rest”); noisy
breathing (grade 1 ‘absent’ to grade 5 ‘very noisy breathing even at rest’); coughing (grade 1
‘absent’ to grade 4 ‘frequent episodes’); dysphonia (grade 1 ‘normal voice’ to
grade 4 ‘aphonia’); dysphagia (grade 1 ‘absent’ to grade 3 ‘nasogastric tube feeding’); and
global satisfaction (grade 1 ‘totally satisfied’ to grade 4 ‘totally unsatisfied”). In all parameters
lower grades meant better conditions. Voice analysis was performed 36 months after SLTP
according to our previously published protocol based on the guidelines elaborated by the
Committee on Phoniatrics of the European Laryngological Society [49]. The voice samples
were recorded with a high sensitivity (40 Hz — 6 kHz) condenser head microphone (ATM75;
Audio Technica, Machida, Tokyo, Japan) at a sampling frequency of 96 kHz. Shimmer (%),
jitter (%), fundamental frequency, and the harmonics-to-noise ratio were analyzed using Praat
5.3.2.9. software [www.praat.org]. Endoscopic examinations under general anesthesia were
strongly recommended in the first postoperative year. Thereafter, direct endoscopy was
performed only if surgery-related airway symptoms occurred. Follow-up intervals were 125,

118, 88, 68, 66, 50, and 48 months for the patients, respectively.
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5. RESULTS

There were no major peri- and postoperative complications. The postoperative timeline

of vents is presented in Table 2.

Follow-
Patient/ Extubation tuEeer[n?)\;?(I) O:rNaEi;ve Complications and up
sex [postoperative day] P dayjli) further treatment period
[month]
1/m 7" 7" laser MLS 125
2/m 5t 7" - 118
3/f 10t 1th laser MLS; reintubation 88
due to peumonia
4/f 4 10t - 68
5/f 31 7t - 66
6/m 7th 7th reintubation due to 50
peumonia
7/f 5t *2Md year - 48

Table 2: Events of the postoperative period. *removal of the gastrotube; MLS: microlaryngosurgery

Extubation was considered safe on the 7%, 51, 101, 4" 3" 7% and 5" postoperative days, for
each of the seven patients, respectively. All patients were able to tolerate a progressive oral diet
without the use of any thickener within 2 to 3 days post-extubation except one child, who was
fed through gastro tube from the fifth week after birth (patient #7). In the case of patients #3
and #6, postoperative reintubation was necessary because of their RSV infection, for 4 and 2
days respectively. Repeated endoscopic airway surgery (UltraPulse CO: laser vaporization) was
required in patients #1 and #3 in the second postoperative month because of the excessive
formation of granulation tissue. In the other patients, only planned control endoscopies were
performed (two or three times in the first postoperative year). No patient required open revision
surgery. All children had stable and adequate airway during follow-up [Figure 10]. Significant
restenosis was not observed in any of the patients, moreover, the subglottic airway has become

wider than the physiological one after SLTP [Figure 11]. According to the parents’ judgment,
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breathing was normal in all patients. The children did not require an exemption from physical

education. QOL scores are presented in Table 3.

Figure 10: Preoperative and 3"%-month postoperative endoscopic pictures of patients #2 (a,b) and

#3 (c,d) with Cotton—Myer grade Il subglottic stenosis

Figure 11. Direct endoscopic pictures of patient #4. a) Preoperative picture: Cotton—Myer grade 111

subglottic stenosis and associated Cohen grade Ill laryngeal web; *: nasogastric feeding tube.
b) Adequate glottic airway in the 45" postoperative month. Direct endoscopy is not obligatory in the
late postoperative follow-up. Laryngo-tracheoscopy was performed prior to powered intracapsular
tonsillotomy and adenoidectomy for obstructive sleep apnea.
c) Wide subglottic without signs of restenosis. <, minimal mucosal scar in the anterior commissure;

dashed line: upper rim of the interposited trachea flap, L, left vocal fold; R, right vocal fold.
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Patient/sex | Dyspnea brlt\ela(l)tlfl%/ng Coughing | Dysphonia | Dysphagia sag:fzzi:!)n >QOL
1/m 1 1 1 2 1 1 7
2/m 1 1 2 1 1 1 7
3/f 1 1 1 1 1 1 6
4/f 1 1 1 3 1 3 10
5/f 1 1 1 2 1 1 7
6/m 1 1 1 2 1 1 6
7/t 1 1 1 1 1 1 6

Range 1-5 1-5 1-4 1-4 1-3 1-4 6-25

Table 3: Subscores and total score of the quality of life questionnaire.

Patient #4 experiences learning difficulties and delayed speech development. She can
create all the vowels and some consonants (e.g., k, m, n, t). In parallel, her vocabulary is
extremely low, she creates only short sentences and nursery rhymes. Her “Wechsler Preschool
and Primary Scale of Intelligence Fourth Edition” score is also low and the "MacArthur-Bates
Communicative Development Inventory’ shows the skill level of a 2-year-old child, despite
being 5 years old. The remaining children had a social life in line with their biological age. In
case of patient 4, weak voice was detected because of a 2-mm blunting at the anterior
commissure. Acoustic parameters are presented in Table 4. Figures 11 and 12 present the

weight-for-age and length-for-age percentiles of the patients.

Patient/sex Shimmer | Jitter | HNR | Fundamental
[9%6] [90] [dB] | frequency [Hz]
1/m 1,73 0,36 21,54 240,0
2/m 2,76 0,87 23,24 199,9
3/f 1,25 0,25 26,78 189,8
4/t 1,87 0,77 21,11 245,9
5/f 2,29 0,3 24,45 320,4
6/m 3,05 0,66 21,11 190,1
Wi 2,54 0,79 20,3 233,7
Physiological values | <3,81 <1,04 >20

Table 4: Acoustic parameters in the 36" postoperative month.
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Figure 11. Weight-for-age percentile of the patients.
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Figure 12: Length-for-age percentile of the patients.
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6. DISCUSSION

After SLTP, the reconstructed subglottic area is wider than the physiological one, even
without extended resection or rib cartilage grafting. This ‘reserve capacity’ ensures a patient
airway even in the event of mild restenosis. The cricothyroid complex together with the
interposed trachea flap provides a well-vascularized stable ring. The cartilages in these young
children are flexible and are well stabilized with a double-armed continuous knotted suture.
Sacrifice of the segmental tracheoesophageal arteries is necessary at the site of resection
because of mobilization of the trachea and cropping of its membranous wall. However, the
lateral longitudinal anastomoses and transverse intercartilaginous arteries can be preserved,
potentially allowing a complication-free, quick recovery. Therefore, resorption of the local
tracheal graft is modest, and the late postoperative result becomes easier to predict. In the
absence of rib cartilage grafting, donor site complications can also be excluded. Furthermore,
the trachea is covered by respiratory mucosa, which prevents granulations, subsequent
restenosis, and adhesion of airway secretions through physiological mucociliary clearance
[9,11,50]. By reducing the extent of tissue resection and omitting the dissection of the cricod
cartilage, the cricothyroid muscle, the chance of recurrent laryngeal nerve injury is lower, which
leads to optimal voicing and swallowing function. During the surgery, the anterior commissure
remains untouched, which has an obvious positive impact on the postoperative voice quality.
In the case of a severe grade subglottic stenosis, if the manipulation of the anterior commissure
is unavoidable, a second-stage laryngeal framework surgery (anterior commissure
retrodisplacement) might be necessary to ensure socially acceptable voice quality. However,
decent voice analysis is cumbersome for infants, the objective voice parameters supported the
parents’ satisfied opinion on voice quality. The children’s voices were more than socially
acceptable. As demonstrated in Table 4, the assessed objective voice parameters were in the

physiological ranges in all patients.
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Since the integrity and the innervation of the posterior commissure remains intact, the
possibility of aspiration is significantly lower. The patients’ bodyweight gain and length growth
were satisfactory according to growth charts, and the parents were pleased with the children’s
postoperative QOL in general. One child (patient #4) with Di George syndrome has
experienced learning difficulties and delayed speech development. During at least 3 years of

observation, the anastomosis was stable and growing dynamically with the patient.

If the general health status is appropriate and no critical comorbidity is present, SLTP
is an addition to the surgical armamentarium for treating selected cases of CSGS. Adequate
patient selection is crucial. The decision concerning whether to perform SLTP must be based
on the overall health conditions of the infant in contrast to the severity of SGS itself. In children
with certain craniofacial anomalies, neuromuscular disorder, high risk for aspiration, or low

pulmonary function, decannulation may be counterproductive.

The drawbacks of this study include its small sample size and single-center nature.
Therefore, further studies are required to explore the potential and limitations of this novel

surgical technique.
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7. CONCLUSION AND NEW RESULTS

Slide laryngotracheoplasty is an excellent single-stage procedure without tracheostomy and
stenting for the reconstruction of high-grade congenital subglottic stenosis in neonates and

infants to provide an adequate airway.

Swallowing function and voice production are not disrupted by the procedure, which ensure the

possibility of physiological development despite the severe congenital airway anomaly.

Despite the rapid development, the newly formed laryngotracheal structure remains stable over

the course of time.
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10. APPENDIX

Quality of life’ kérdéiv felso l1éguti sziikiiletes betegek szamara

Név: Dg.:

e Nehézlégzés
1. Nincs
2. Nehéz munkavégzés esetén
3. Enyhe fizikai megerdltetés esetén is
4. Nyugalomban
5. Tracheotomia

e Hangos légzés
1. Nincs, a 1égzés hangtalan
2. Nehéz munkavégzes eseten hangossa valo 1égzés
3. Enyhe fizikai megerdltetés esetén is hangos
4. Nyugalomban
5. Tracheotomia

e Kohogés
1. Nincs kohogés
2. Enyhe kohogés
3. Erds kohogés
4. Tracheotomia

e Hangképzési panasz
1. Normalis
2. Kis foku beszédzavar (hangos kdrnyezetben nehezebben érthetd)
3. Sulyos beszédzavar
4. Aphonia

e Nyelési panasz
1. Normalis
2. Kisebb nehézségek, idonkénti félrenyelés
3. Sulyos nyelészavar

e FElégedettség az allapottal
1. Teljesen elégedett
2. Nagyrészt elégedett
3. Kissé elégedetlen
4. Elégedetlen
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Slide Laryngotracheoplasty for Congenital Subglottic Stenosis
in Newborns and Infants
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Objectives: Subglottic stenosis is the most common laryngeal anomaly necessitating tracheostomy in early childhood. Crico- and
laryngotracheal resection and laryngotracheal reconstruction—usually with autologous cartilage graft implantation—are the most effec-
tive treatments. These surgical techniques are obviously challenging in neonatal age and infancy. However, a reconstructive surgery
performed at early age may prevent the sequel of complications.

Methods: The authors present their novel surgical method for congenital subglottic stenosis. Seven infants had inspiratory
stridor; two of them had to be intubated and one required tracheostomy. Laryngotracheoscopy, CT or MRI revealed subglottic steno-
sis: Cotton-Myer grade II in one, and grade III in six cases. Slide laryngotracheoplasty was performed before 5 months of age
(10-130 days), with a follow-up period of average 36 months (4-80 months). Phoniatry and quality of life questionnaire were used
for evaluation of postoperative results.

Results: Slide laryngotracheoplasty in the neonatal age made the temporary tracheostomy unnecessary. All babies remained
intubated for 3 to 10 days with an uncuffed tracheal tube. After extubation, no dyspnea or swallowing disorder occurred. A subjec-
tive quality of life questionnaire, laryngotracheoscopy, clinical growth charts showed satisfactory functional results.

Conclusions: Single-stage slide laryngotracheoplasty might be a favorable solution for subglottic stenosis, even in early

Level of Evidence: 4

childhood. In one step, the airway can be maintained without stenting and tracheostomy.
Key Words: Subglottic stenosis, congenital stridor, slide laryngotracheoplasty, neonatal.

Laryngoscope, 00:1-7, 2019

INTRODUCTION

Congenital subglottic stenosis (SGS) is the third most
common congenital laryngeal anomaly after laryngomalacia
and vocal fold paralysis, however this is the most common
laryngeal anomaly necessitating tracheostomy in children
less than 1 year of age.l? Congenital SGS amounts to 5% of
the laryngotracheal stenosis, but its true incidence is diffi-
cult to assess due to the high incidence of intubation in
patients with preexisting narrow subglottic airway or other
significant comorbidities.>® The prenatal diagnosis of sub-
glottic stenosis is not routinely possible. Severe dyspnea at
birth requires urgent intubation followed by tracheotomy to
allow adequate ventilation and oxygenation of the newborn.
This then starts a difficult cycle of tracheostomy-related
physical and psychosocial problems for the child and his or
her family.” ¢

Laryngotracheal stenosis has been a major challenge
for surgeons due to the complex laryngeal structure and
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functions. Choosing the optimal surgical intervention is
extremely difficult at this age due to the special anatomy of
the pediatric airways, the vulnerable tissues and the potential
associated congenital malformations. In order to prevent the
late sequel and complications in such patients, a definitive
(one-step) surgical solution is preferably performed as soon as
possible in carefully selected patients. In the case of high grade
congenital subglottic stenosis endoscopic interventions are not
recommended.!2 According to the literature, nowadays
laryngotracheal reconstruction (LTR), partial cricotracheal
(PCTR), or extended cricotracheal resection (ECTR) are the
most recommended interventions for severe grades of glotto-
subglottic stenosis (GSGS). However, these complex proce-
dures require significant tissue resection, airway expansion by
rib cartilage grafts, and stent implantation.>™* To maintain
the airway stability extended resection of the cartilaginous
framework should be limited to allow tension-free anastomo-
sis, and if graft implantation is necessary, well-vascularized,
easily available, regional tissue is desirable. We describe here
an innovative surgical technique for congenital SGS that has
given good objective and subjective results.

MATERIALS AND METHODS

Patients

Between January 2012 and May 2018 slide laryngotracheo-
plasty was performed in seven consecutive patients on the 10th,
14th, 68th, 105th, 92nd, 130th, and 120th days of life, respectively.
Two patients (patients 1 and 2) had been admitted to the perinatal
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TABLE I.

Pregnancy Information and Patient Data.

Patient/sex

Perinatal data

Age at laryngo-

tracheoplasty (days)

Preoperative
airway support

Grade of SGS

[Cotton-Myer gr./ %]

Comorbidities

1/m

37 week

10

Oxygen mask

1980 g
Apgar 8-9-9

p.v.n.
2/m 40 week 14

3490 g
Apgar 7-9-9

s.C.

3/f 38 week, 3450 g 68
Apgar 8-10-10
p.v.n.

4/f 37 week 105

23709
Apgar 7-8-9
s.C.
5/f 36 week 92

3300 g
Apgar: 7-8-9

p.v.n.
6/m 34 week 130

1850 g
Apgar: 7-8-8

S.C.
T/ 40 week 120

2390 g
Apgar: 2-6-8

p.v.n.

Intubation

High frequency ]
airway support

Oxygen mask ]

Intubation

Oxygen mask ]

Tracheostomy LI}

60-70%

1] -
70-80%

Supraventricular tachycardia

70-80%

Laryngeal web, Tetralogy of Fallot,
70-80% DiGeorge syndrome

80-85%

Laryngomalacia,
70-75% RDS

DiGeorge syndrome
80-85%

p.v.n. = per vias naturales; RDS = respiratory distress syndrome; s.c. = sectio caesarea; SGS = subglottic stenosis.

intensive care unit (PICU) immediately after birth, and two
patients (patients 2 and 5) had been intubated due to severe stridor
and inspiratory dyspnea. One infant (patient 3) required temporarily
continuous positive airway pressure (CPAP) ventilation. One infant
(patient 7) required tracheostomy and nasogastric feeding tube in the
fifth week after birth. In three infants (patients 3, 4, and 5) the severe

Fig. 1. Direct laryngoscopy of patient 2

(A) Preoperative laryngeal status (Cotton-Myer grade ll)
(B) Postoperative picture of the glottis

inspiratory stridor occurred after an upper airway infection. Discon-
tinuance of oxygen support (patients 3 and 4) and definitive
extubation (patient 5) was not possible in these cases. Endoscopic
evaluation of the airway and reconstructive airway surgery was per-
formed on the fifth day of intubation in patient 5 and 3 days after
the onset of the dyspnea in patients 3 and 4. Pregnancy-related

(C) Postoperative picture of the glottis (13th postoperative month). [Color figure can be viewed in the online issue, which is available at www.

laryngoscope.com.]
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information and patient data is reported in Table I. Preoperative high
resolution computed tomography (CT) or magnetic resonance imaging
(MRI) scan was performed in all cases. The preoperative investiga-
tions included dynamic and rigid airway endoscopy along with neo-
natological and neurological evaluations. Concentric cartilaginous,
Cotton-Myer grade III SGS was detected with direct endoscopic exam-
ination in six of seven patients (patients 2—7), and patient 1 had
Cotton-Myer grade IT SGS (Fig. 1).” In one case (patient 4), SGS was
associated with Cohen grade III laryngeal web.”

Surgical Technique

The procedure began with direct endoscopic examination of
the upper and lower airways to assess the craniocaudal extension of
the stenosis and determine its (cartilaginous/soft-tissue) nature.
Laryngo-tracheo-bronchoscopy with a rigid 0° and 30° endoscope
was performed under general anesthesia via total intravenous anes-
thesia (TIVA) and high-frequency supraglottic jet ventilation with
readiness for a possible intubation. Jet ventilation was performed by
using the Moonsune IIT device (Acutronic Medical Systems, Hirzel,
Switzerland) with the following parameters: inhalation time = 20%,
frequency = 130/min, pause pressure = 10 cmH;0, and peak inspira-
tory pressure (PIP) 12 emH,0. The patient with tracheostomy was
induced through the cannula and an additional age-appropriate
endotracheal tube (ETT) was passed orally and left in the laryngeal
inlet. After the diagnostic laryngomicroscopy orotracheal intubation
was performed.

The surgery began with a horizontal collar incision made at
the level of the cricoid cartilage. The strap muscles were divided
and the laryngotracheal complex was bluntly explored from the
upper edge of the thyroid cartilage to the superior mediastinum,
protecting the recurrent laryngeal nerves and the great vessels
(Fig. 2A, 2B). The thyroid isthmus was divided in the midline
and the cricothyroid muscles were left untouched. First, superior
laryngeal release was performed: along the upper rim of the thy-
roid cartilage, the thyrohyoid membrane was incised until the
superior thyroid horns were reached. The cricotracheal ligament
was dissected and partial midline anterior laryngofissure was per-
formed dividing the cricoid and the thyroid cartilage until the
level of the anterior commissure (Figs. 2C, 2D, and 3A). The
cricotracheal junction was dissected circumferentially and divided
carefully avoiding injury to the oesophagus. Cross-field ventilation
was carried out using a second set of sterile anesthesia tubings.
After visualization of the laryngeal lumen a posterior cricoid inci-
sion was performed with preservation of the posterior perichon-
drium, the posterior cricoarytenoid and pharyngeal constrictor
muscles integrity. The distal trachea was mobilized until the ante-
rior cartilage rings could be easily pulled up to the level of the
anterior commissure. The membranous part was resected till the
level of the second tracheal cartilage (Figs. 2D and 3B).

Surgical Variation in Case of Laryngeal Web

The membranous component of an associated grade III
laryngeal web was divided in the midline using Ultra Dream
Pulse (UDP) CO; laser (DS-40U, Daeshin Enterprise, Seoul,
Korea) with 20 ms repeat time, 90 ps pulse duration, 315 W peak
power, 0.16 mm spot diameter. The cartilaginous subglottic ste-
nosis was untouched by the laser.

Laryngotracheal Anastomosis

An anastomosis was created between the trachea, the ante-
rior cricoid and the midline incised thyroid cartilage using 2.0 or
3.0 PDS suture (Fig. 2E, 2F). The anastomosis started in the pos-
terior midline. Two double armed continuous locked sutures
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Fig. 2. The steps of slide laryngotracheoplasty (schematic drawings,
anterior and lateral view)

(A,B) Subglottic stenosis, hypoplastic cricoid cartilage

(C,D) Partial anterior laryngofissure with the preservation of the
anterior commissure of the vocal folds, membranous part of the tra-
chea is partially resected till the level of the second tracheal ring
(E,F) An anastomosis between the trachea, cricoid and thyroid is
created. First the posterior wall is reconstructed

(G,H) The reconstructed anterior and lateral wall. [Color figure can be
viewedintheonlineissue, whichisavailableatwww.laryngoscope.com.]

were placed clockwise and counter-clockwise (Fig. 4). After the
posterior wall was reconstructed the previously passed ETT was
descended into the trachea, then the sutures of the lateral and
the anterior wall were completed. Finally, the threads arriving
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Fig. 3. Slide laryngotracheoplasty (intraoperative photos, patient 3)

(A) Partial anterior laryngofissure. Arrow 1: incised thyroid cartilage; arrow 2: cricoid cartilage, arrow 3: posterior wall of the laryngotracheal

complex; “endotracheal tube

(B) Mobilized trachea Arrow 1: resection of the membranous part; arrow 2: anterior arch of the tracheal ring
(C) The posterior wall is reconstructed Arrows 1 and 2: shows the clockwise ant counter-clockwise running threads
(D) The reconstructed anterior wall. [Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]

from the opposite directions were knotted in the anterior midline—
with the knots lying outside the airway. Thus, a continuous suture
ring was created (Fig. 2G, 2H, and 3C, 3D). The pre-laryngeal
muscles and the skin were sutured in two layers, a 10 Ch drain
(Redax - Redon) was inserted for 2 to 3 days.

Postoperative Care

The patient was transferred to a pediatric/neonatal intensive
care unit. Parenteral antibiotic (amoxicillin-clavulanic acid 25 mg/5
mg/kg for 12 hours or depending on the bacteriologic aspirate) was
administered for 7 days. On the day of extubation (third through
10th day), the patient was given a steroid (methylprednisolone,
4 mg/kg) bolus. Nasogastric tube feeding was continued for few
days after extubation and oral feeding started progressively.

Functional Evaluation and Follow-Up

The functional outcomes of the surgery in terms of breath-
ing, voice, swallowing, and overall satisfaction were evaluated by
a quality of life (QOL) questionnaire.'® The following items were
rated by the parents of the patients using the scales as indicated:
dyspnea (0 = absent to grade 4 at rest); noisy breathing (grade
0 = absent to grade 3 = very noisy breathing even at rest);
coughing (grade 0 = absent to grade 2 = frequent episodes);
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dysphonia (grade 0 = normal voice to grade 3 = aphonia); dyspha-
gia (grade 0 = absent to grade 3 = nasogastric tube feeding); and
global satisfaction (grade 0 = outstanding to grade 4 = unsatisfied).
Follow-up period included regular dynamic and rigid endoscopic
examinations under general anesthesia. The parents systematically
registered body weight gain, length growth, swallowing or breath-
ing difficulty. The voice samples were recorded with a high

Fig. 4. Schematic picture of the anastomosis. Two double armed
continuous locked sutures are running clockwise and counter-
clockwise. [Color figure can be viewed in the online issue, which is
available at www.laryngoscope.com.]
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TABLE II.
Events of the Postoperative Period.
Extubation Complications and Follow-up
Name/sex (days) further treatment period (mo)
1/m 7 mild restenosis —laser 80
2/m 5 - 73
3/f 10 Pneumonia that required 43
reintubation (4 days),
mild restenosis —laser
4/f 4 - 24
5/f 3 - 21
6/m 7 Pneumonia, reintubation 4
(2 days)
7/f 5 - 5

sensitivity (40-6 kHz) condenser head microphone (ATM75; Audio
Technica, Machida, Tokyo, Japan) at sampling frequency of 96 kHz
(24 bit US analyzed by Praat 5.3.2.9., Amsterdam, Netherlands).
The following acoustic parameters were recorded in this study:
mean pitch (Fy), jitter, shimmer, and harmonics-to-noise ratio
(HNR). Follow-up intervals were 80, 73, 43, 24, 21, 4, and 5 months
for the patients, respectively.

RESULTS

There were no major peri- and postoperative complica-
tions. The postoperative timeline of events is presented in
Table II. Extubation was considered safe on the 7th, 5th,

10th, 4th, 3rd, 7th, and 5th postoperative days, for each of
the seven patients, respectively. In the case of patients
3 and 6, postoperative reintubation was necessary because
of their RSV infection. All patients were able to tolerate pro-
gressive oral diet within 2 to 3 days post-extubation except
one child, who was fed through nasogastric tube from the
fifth week after birth (patient 7). The weight-for-age and
length-for-age percentiles are depicted in Figure 5. The
acoustic parameters, QOL scores are shown in Table III.
Compared to the preoperative values, the QOL scores
improved significantly. Based on the parents’ observations,
the breathing was normal in all cases. Gurgling and cooing
were similar to their siblings according to the parents.
In cases of two infants (patients 1 and 3) minor grade reste-
nosis was detected. No patient required revision surgery.
In case of patient 4, weak voice was detected because of a
2-mm blunting at the anterior commissure.

DISCUSSION

Congenital SGS is typically cartilaginous and often
associated with abnormal forms of the cricoid (small hypo-
plastic cartilage) or may be associated with a dense laryn-
geal web. Minimally invasive endoscopic surgery has high
potential for restenosis and hence open airway reclaiming
operations are preferred in such pathologies.'®'” The choice
between LTR and PCTR predominantly depends on the
severity and length of the subglottic stenosis. LTR with an
anterior graft alone is used as a single-stage operation for
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Fig. 5. Weight-for-age and length-for-age percentile. [Color figure can be viewed in the online issue, which is available at www.laryngoscope.com.]
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TABLE il
Functional Outcomes of the Surgery.

Jitter Shimmer HNR Mean Pitch
Patient/sex (%) (%) (dB) (Hz) QoL
1/m 0.8 9.9 16.2 278
2/m 3.3 15.9 8.6 161
3/f 1.2 16.1 14.3 151
4/f No data obtained 11
5/f 0.4 4.8 19.1 280 7
6/m 1.1 8.7 19.4 434 10
7/f 0.4 2.9 20.3 471 10
Physiological values <1.04 <3.81 >20 - Min = 6; max = 25

HNR = harmonic-to-noise ratio; QOL = quality of life score.

the management of grade II stenosis. Grade III stenosis is
likely to require both anterior and posterior grafts and can
be performed in one or two stages. However, over the last
decade, PCTR has emerged as a superior alternative to LTR
for the treatment of grade III and IV SGSs.”**2° The tech-
nique of PCTR involves resection of the anterior cricoid arch,
thinning and flattening of the posterior cricoid plate and per-
forming an anastomosis between the thyroid cartilage and
the trachea. The extended variant of CTR is advocated for
severe SGS with additional posterior or trans-glottic steno-
ses, and additionally requires a full laryngofissure, posterior
cricoid split and expansion using a rib cartilage graft and a
temporary laryngeal stent.!2

Due to potential comorbidities, associated anatomical
malformations, and complex requirements of the treatment,
tracheostomy is still needed in cases of a severe grade congeni-
tal SGS.2 It severely affects the life quality of the patient and
the parents as well. The complexity of the neonatal anatomy
and anesthesia (small lung reserve capacity, high oxygen
requirements, risk of hypo- and hyperthermia, associated
comorbidities) make the surgical options even more limited in
this age group. The optimal surgical intervention should be
both quick, safe, and provide an immediate and adequate air-
way, acceptable voice quality and good swallowing function.

Because of the above-mentioned difficulties, a definitive
surgical solution is usually delayed for years, although an
early tracheostomy is often unavoidable.>*2* The most com-
mon surgical solutions (CTR/ECTR, PCTR, LTR) are rec-
ommended in general from the age of 1 year.#'1141521-27 The
youngest PCTR patient described was a 1-month-old infant
without any comorbidity.?> However, even though the overall
decannulation rate after CTR is over 80% - the rate of
reoperation is between 4-41%, depending on the grade of the
stenosis and the comorbidities. The rate of reoperation is
between 22-45% after LTR,+11:13-15:18,19,22,25.28

All of the presented cases included high grade, cartilagi-
nous, concentric stenoses. Accordingly, no endoscopic inter-
ventions, but external approach was preferred. In case of
slide laryngotracheoplasty the subglottic airway is aug-
mented with a good vascularized normal-size local trachea
flap. This way, no donor site reaction or graft absorption
occurs, and the technique provides a wide airway at the level
of the subglottis and the proximal trachea, because of the par-
tial resection of the posterior tracheal wall and the flexibility
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of the intercartilaginous ligaments of the trachea. Using the
slide tracheoplasty principle, we were able to make the tra-
chea slide on a narrow cricoid and thus create a wider airway.
The cartilages in these young children are flexible and are
well stabilized with a double-armed continuous knotted
suture. In all our patients, the reconstructed airway has
remained age-appropriate, static, and undistorted.

During the surgery, the anterior commissure remains
untouched, which has an obvious positive impact on the post-
operative voice quality. In the case of a severe grade subglottic
stenosis, if the manipulation of the anterior commissure is
unavoidable, a second stage laryngeal framework surgery
(anterior commissure retrodisplacement) might be necessary
to ensure a socially acceptable voice quality. However, decent
voice analysis is obviously cumbersome for infants, the objec-
tive voice parameters supported the patients’ satisfied opinion
on voice quality.

The good functional results are facilitated by the preser-
vation of the entire cricoid cartilage, the recurrent nerves
and the cricothyroid muscles. Since the integrity and the
innervation of the posterior commissure (respiratory glottis)
remains intact, the possibility of aspiration is significantly
lower. Congenital SGS is not caused by scar tissue, but
rather by an incomplete recanalization—hence the respira-
tory mucosa is intact. Needless to say that in airway surgery
if the intact respiratory mucosa is preserved, the chances of
the restenosis are lower.>*?! None of our patients had any
postoperative feeding difficulties. Asymptomatic, grade I
restenosis was observed in two cases, which could be effec-
tively treated by single laser resection. During the further
follow-up no significant restenosis was found, and the growth
of the larynx seemed to be unimpaired. The surgical method
presented here has the advantage of reduced risk of anasto-
motic dehiscence and recurrent nerve damage that could be
encountered in the conventional CTR technique.

CONCLUSION

According to our preliminary results, the single-
stage slide laryngotracheoplasty might be a favorable
solution for subglottic stenosis, even in early childhood.
In one step, the airway can be maintained without
stenting and tracheostomy. Voice production and optimal
swallowing function are well preserved. Follow-up long-
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term outcomes and additional patients need to be studied
to further validate this procedure.
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Laryngealis sziikiiletek innovativ sebészi
4 o S e B KX / V4
megoldasai 0jsziilott- és csecsemokorban

Bach Addm dr. = Erdélyi Eszter dr. = Sztané Baldzs dr.
Tébias Zoltan dr. = Rovo Laszlo dr.

Szegedi Tudominyegyetem, Altalinos Orvostudoményi Kar,
Fiil-Orr-Gégészeti és Fej-Nyaksebészeti Klinika, Szeged

A velesziiletett 1éguti sztkiiletek gyakran kombindltan jelentkeznek, és mds szervrendszert is érint6 kisérébetegségek-
kel, illetve malformaciokkal is tarsulhatnak. Figyelembe véve ezeket a tényezdket, illetve a csecsemdkori 1égut specid-
lis anatémidjit és sériilékeny szoveteit, a felsé léguti sztkiiletek sebészi kezelése Gjsziilott- és csecsembkorban igen
nagy kihivast jelentd feladat, melynek célja a mihamarabbi definitiv, stabil légut biztositisa a hangképzés és a nyelési
funkcié megdrzésével. A laryngomalacia, a hangszalagbénulas és a subglotticus stenosis egyiittesen a gége velesziile-
tett rendellenességeinek megkozelitSleg 90%-aért felelds. A szerzSk erre a hirom korképre fokuszalva egy-egy eset
kapcsan bemutatjak a Szegedi Tudomanyegyetem Fiil-Orr-Gégészeti és Fej-Nyaksebészeti Klinikdjan mikodd 1égat-
sebészeti munkacsoport dltal rutinszerdien alkalmazott innovativ sebészi modszereket. A bemutatott sebészeti meg-
olddsok egy 1épésben, tracheostoma, sztentelés ¢és graft beiiltetése nélkil azonnali stabil 1égutat biztositanak jé
hangmindséggel és nyelési funkcidval a supraglottis, a glottis és a subglottis dinamikus és statikus sztkiiletei esetén
egyarant.

Orv Hetil. 2021; 162(52): 2100-2106.

Kulcsszavak: hangszalagbénulds, laryngomalacia, subglotticus stenosis, slide’ laryngotracheoplastica, endoszkopos
arytenoid abdukcids lateropexia

Innovative surgical solutions for laryngeal stenoses in newborns and infants

Congenital airway stenoses occur frequently in combinations or may be associated with comorbidities and malforma-
tions affecting other organ systems. Considering these factors as well as the special anatomy and vulnerable tissues of
the pediatric airway, surgical treatment in neonates and infants is an extremely challenging task. The ultimate goal of
the management is to ensure a definitive and adequate airway as soon as possible with the preservation of voice and
swallowing. Laryngomalacia, vocal cord palsy and subglottic stenosis together account for approximately 90% of
congenital laryngeal disorders. Focusing on these three diseases, the authors — the airway surgery working group at
the Department of Otolaryngology and Head and Neck Surgery, University of Szeged, Hungary — present their
routinely applied innovative surgical strategies in connection with three cases. The presented ‘one-step” surgical solu-
tions provide immediate stable airway with good voice quality and swallowing function without tracheostomy, stent-
ing, or graft implantation for both dynamic and static stenoses of the supraglottis, glottis, and subglottis.

Keywords: endoscopic arytenoid abduction lateropexy, laryngomalacia, slide laryngotracheoplasty, subglottic steno-
sis, vocal cord palsy

Bach A, Erdélyi E, Sztan6 B, Tébids Z, Rové L. [Innovative surgical solutions for laryngeal stenoses in newborns and
infants]. Orv Hetil. 2021; 162(52): 2100-2106.
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Roviditések A laryngotrachealis komplexum csecsemd- és gyermek-
EAAL = endoszképos arytaenoid abdukciés lateropexia; ETGI | kori szlkiiletei szdmos olyan velesziiletett ¢és szerzett
= (endolaryngeal thread guide instrument) endolaryngealis fo- | korképet foglalnak magukban, melyek potencialis veszé-
nalvezetd eszkdz; SLtp = ’slide * laryngotracheoplastica lyeik miatt gyors és preciz diagnosztikit, illetve személy-
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re szabott, lehetSleg egy 1épésben torténd sebészi meg-
oldast kovetelnek meg [1, 2]. A [égtt fejlédési rend-
ellenességei ritkak, pontos gyakorisiguk nem ismert, in-
cidencidjuk 2-10/100 000 élvesziilés intervallumra
tehetd [3]. A szerzett esetek szdima az utobbi évtizedek-
ben névekvé tendencidt mutat a hosszan tarté intubacié
clterjedése és a kis stlyt 4j- és korasziilottek talélési esé-
lyeinek novekedése miatt. A széban forgd kérképek az
enyhe inspiratorikus stridortél kezdve az akut légzési
clégtelenségig széles skilin mozgd panaszokat okozhat-
nak [4]. Habdr a f6ként az endoszképos vizsgilatokra
tamaszkodé diagnosztikus 1épések és kritériumok nem-
zetkozi szinten is jol meghatarozottak, a laryngotrachea-
lis stenosisok menedzsmentjébdl a mai napig hidnyoznak
a jol definialt sebészeti protokollok. A legtobb ellatohe-
lyen a kezelési stratégia legalibb annyira fiigg a léguti
team tapasztalataitél, mint a csecsemd allapotatdl [5].

A régi6 szikiileteinek sebészi megoldasa igen nagy ki-
hivist jelent. Végsé cél a definitiv, stabil [égut biztositasa,
a hangképzés ¢és a nyelési funkcidé megdrzésével. A vele-
sziiletett 1égati sziikiiletek gyakran kombindltan jelent-
keznek, és mds szervrendszert érint§ kisérébetegségek-
kel, illetve malformdcidkkal is tarsulhatnak [6]. Figye-
lembe véve ezeket a tényezdket, illetve a csecsemdbkori
légut specidlis anatomiajat és sériilékeny szoveteit, a
megfelel sebészi beavatkozids megvalasztisa létfontossa-
gl ebben a fiatal korosztalyban. A csecsemd&k gyors fejlé-
dési titeme miatt a laryngealis struktirik posztoperativ
stabilitasa szintén kiemelt fontossaggal bir a hosszt tava
eredmények szempontjabol.

Az elmalt évtizedekben a légutsebészet komoly fejls-
désen ment keresztiil az Gj, innovativ mutéti technikak
clterjedésével és az egyre fejl6d6 anesztéziai lehetGségek
altal [4]. A legtobb esetben azonban még napjainkban is
a stirgGsségi, elsédleges légutbiztositisi modszer a tra-
cheotomia, annak minden komplikicidjaval, pszichés és
pszichoszocidlis nehézségével egyiitt [7-9]. A laryngo-
malacia, a hangszalagbénulas és a subglotticus stenosis
egyiittesen a gége velesziiletett rendellenességeinek
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megkozelitbleg 90%-aért felelés [10]. Jelen munkank
célja, hogy egy-egy eset kapcsan illusztraljuk a Szegedi
Tudomanyegyetem Fiil-Orr-Gégészeti és Fej-Nyaksebé-
szeti Klinikdjan mkodd 1égutsebészeti munkacsoport
altal rutinszer@en alkalmazott innovativ sebészi koncep-
ciokat.

Elsd eset

A két hénapos csecsemd esetében alviskor jelentkezs,
testhelyzettdl fiiggd intenzitast horkolas és jelentSs tap-
lalasi nehezitettség miatt indult kivizsgalas. A léguti sta-
tus felmérése soran émega alaka epiglottist észleltiink,
illetve belégzéskor az aryepiglotticus reddk kifejezett
obstrukciét okozoé collapsusit tapasztaltuk (II-es tipust
laryngomalacia). Ennek megfelelGen aryepiglottoplasti-
ca mellett dontottiink, amelyet intratrachealis narkézis-
ban, ultrapulzaciés CO,-1ézerrel végeztiink el (1. dbra).
A mindossze 15 perces beavatkozas sordn az émega ala-
ka epiglottis széli részének vaporizacidja és az aryepig-
lotticus redSk ékreszekcidja tortént. A miitétet kovetGen
a csecsemOt intubalt dllapotban a gyermek-intenzivosz-
talyra adtuk dat, ahol 2 6ras obszerviciot kovetSen extu-
bélast végeztek. A miitétet kovets napon intenziv oszta-
lyos megfigyelés mar nem volt indokolt. Eseménytelen
obszervaciot kovetGen a csecsemdt a 4. posztoperativ
napon emittaltak. Stridora ekkorra mar lényegében meg-
szlint, ezzel parhuzamosan a csecsemd per os taplalhato-
sdga is rendezdott.

Maisodik eset

A 37. gestatios hétre sziiletett Gjsziilott esetében kozvet-
lendl a sziiletést kovetSen inspiratorikus stridort észlel-
tek. Per os taplalasa nagymértékben akadilyozott volt,
emellett folyamatos oxigénszupplementacids igénye is
fennallt. Az 5 napos kordban végzett direkt endoszkopia
soran kétoldali gégefélbénulast észleltiink, paramediin

1. dbra

II-es tipusti laryngomalacia mitéti megolddsa: CO,-1ézeres aryepiglottoplastica két hénapos csecsemd esetén (endoszképos képek). a) Az aryepiglot-

ticus reddk jelents collapsusa lithaté belégzéskor. A gégebemenet nehezen hozhato litétérbe. b) Kozvetleniil az epiglottis széli részének vaporizaci-
6ja és az aryepiglotticus redSk ékreszekcidja utdn a hangszalagok lathat6va valnak. A gégebemenet feltdgul. ¢) 1 hénappal a miitét utin a nyalkahdrtya
teljes regenerdcidja lithatd. Belégzéskor dinamikus obstrukcié nem észlelhetd
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2. 4bra

A csecsemOk szdmadra kialakitott fonalvezetd eszkoz (endolaryngeal thread guide instrument, ETGI) és az endoszképos arytaenoid abdukcios latero-

pexia (EAAL) sémds dbrdja. a) Csecsemdk szdmadra kialakitott tlivezetd szdr és tii (2,5-szeres nagyitds). b) Csecsemdk szamara kialakitott endolaryn-
gealis fonalvezets eszkoz (tlivezetd szdr és a markolat Osszeszerelve). ¢) A processus vocalis koriil kialakitott kett8s 6ltés a kannaporcot maximaélisan

abdukdlt helyzetben rogziti (sémads dbra, a gége hatsé nézetbdl)

3. 4dbra

L B

Bal oldali endoszképos arytaenoid abdukcids lateropexia kétoldali hangszalagbénuldsban szenved$ 6tnapos jsziilott esetén (endoszképos képek).

a) Endoszképos vizsgilat sordn a hangszalagok sem abdukcids, sem addukciés mozgdst nem mutatnak. A hangrés sziik. b) Bal oldali endoszképos
arytaenoid abdukciés lateropexia intraoperativ képe. ¢) Két héttel a beavatkozist kovetSen kell6en tig hangrés lathat6. A bal gégefél lateralizalt hely-

zetben

alldst hangszalagokkal. ’Jet’ narkoézisban, szteroid- és
antibiotikumvédelemben bal oldali endoszképos arytae-
noid abdukciés lateropexiat (EAAL) végeztiink, mely-
nek soran dupla, nem felszivodé fonallal a processus vo-
calist megkertilve a kannaporcot és ennek kovetkeztében
a hangszalagot egy speciilis fonalvezet$ eszkoz (endola-
ryngeal thread guide instrument; ETGI; Mega Kift., Sze-
ged) segitségével fiziolbégids, maximadlisan abdukalt hely-
zetben rogzitettiik (2. és 3. dbra) [11-13]. A gyermeket
intubdlva az Gjsziil6tt-intenzivosztilyra adtuk at. 5 napos
intubdciot kovetSen szteroidbolus addsa utdn az Gjszii-
lottet mtéti koriilmények kozott — készen allva az eset-
leges azonnali léguatbiztositisra — sikeresen extubdltuk.
Ezt kovetSen a stridor és az oxigénszupplementicios
igény megsziint. Az extubdldst koveté 3. napon a naso-
gastricus tapszonda is eltavolitasra kerilt. Per os tapldlasa
soran aspiracio jelei nem mutatkoztak.

Harmadik eset

A kozvetleniil a sziiletése utan intubdlt, 10 napos Gjszii-
lott esetében direkt endoszkodpia soran korkoros, porcos,
Cotton—-Myer grade III subglotticus stenosis igazo-
lodott, igy kiils6 feltarasbdl torténé légattagitdé miitét

mellett dontottiink [4]. ’Slide’ laryngotracheoplastica
(SLtp) soran — bdséges laryngotrachealis mobilizdciot
kovetSen — részleges eliilsé laryngofissiot és hatsd lami-
notomidt végziink, majd a gytirporc ivét és részben a
pajzsporcot is a trachea eliilsé falanak interpozicionaldsa-
val tagitottuk fel (4 és 5. dbra) [14]. Az anasztomOzis
épségének érdekében a gyermek 7 napig intubalva ma-
radt. A 8. posztoperativ napon tortént extubalast kove-
téen a gyermek légzése akaddlytalannd valt, ismételt 1ég-
attagit6é beavatkozds mar nem volt indokolt.

Megbeszélés

Az dramlasi ellenallas forditottan aranyos a [égat sugara-
nak negyedik hatvanyaval [15]. Ennek megfelel§en a
légut sugaranak felére csokkenése az ellendllds tizenhat-
szoros emelkedésével jar. Ez a szignifikinsan megnéve-
kedett rezisztencia hatalmas terhet jelent az Gjsziilot-
tekre, és jelent6s mértékben gitolja a csecsemok fizikalis
és pszichés fejlédését. Ennek tiikrében a hosszan tarté
szoros obszervicio, illetve a ,watch and wait policy”
nem javasolt. Amennyiben a noninvaziv pozitiv nyomasa
lélegeztetés nem elégséges, intubdcid, hosszabb tavon
pedig sebészeti beavatkozas sziikséges. Mint urgens,
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4. dbra A ’slide’ laryngotracheoplastica sémds abraja (eliilsé és oldalso
nézet). a) és b) Subglotticus stenosis és hypoplasids gytrtiporc
(preoperativ dbra). ¢) Parcidlis cliilsé laryngofissio az eliilsé
commissura megkimélésével. A trachea membranosus fala az
anasztomozis megfeleld illeszkedése érdekében a masodik por-
cig részben reszekdlt. d) Anasztomozis kialakitdsa a trachea a
gylrd- és a pajzsporc kozott. Els6ként a hitso falat rekonstrudl-
juk. e) és f) A rekonstrudlt laryngotrachealis komplexum eliilsé
és oldalso fala

életments beavatkozas, a tracheotomia érdemei vitatha-
tatlanok, a m@tét azonban egytitt jar a hangmindség, a
nyelési funkcié és az életminéség drasztikus romlasdval
[16]. A definitiv, egy 1épésben végezhetd sebészi meg-
oldasok megel6zhetik a kovetkezményes problémakat:
a magas egészségiigyi koltségeket, a tobbszoros beavat-
kozasokat, a tracheamalacia kialakulasat, a tracheostoma
beszédfejlédésre karos hatasait, a rossz hangmindséget,
az esetleges véletlen dekantildcior, a légut elzar6dasat és
a krénikus [égati infekciok kialakulasat [17-19].

Fels6 1éguti szlkiilet gyantja estén a direkt endoszké-
pos vizsgilat a diagnosztika legf6bb modszere, amely
kisgyermekek esetén dominaléan dltalanos érzésteleni-
tésben végezhetS. Amennyiben a gyermek anamnézise,
illetve tinetei szignifikins 1éguati stenosis gyandjit vetik
fel, intézetiinkben rutinszerien propofol indukalta nar-
kézisban, spontan 1égzés és oxigén addsa mellett flexibi-

A ’slide’ laryngotracheoplastica tiznapos Gjsziilott esetén (intra-
operativ képek). a) Parcidlis eliilsé laryngofissio a hangszalagok
szintjéig

1 = a pajzsporc lemezei a kézépvonalban szétvilasztva; 2 = a
gytrlporc ive a kdzépvonalban szétvilasztva; E = endotrachealis
tubus; *gégelumen

b) A mobilizilt trachea (T) membranosus részét (m) a 2-3. tra-
cheaporcig reszekaljuk a lehetd legnagyobb lumen elérése érde-
kében. (Az endotrachealis tubus ideiglenesen eltavolitva.)

¢) A hitsé fali varratsor elkésziilte utdn transoralis intubdci6val
folytatjuk a mtitétet.

1 = a pajzsporc lemezei; E = endotrachealis tubus; T = trachea
d) Kétoldalrél haladva kialakitjuk a pajzs-, a gytirtiporc és a tra-
chea kozotti anasztomozist az eliilsS falon is.

1 = a pajzsporc egyesitett lemezei; T = trachea

lis, majd merev eszkozzel direkt laryngotracheoscopiat
végziink. 2014 és 2019 kozott 75 kisgyermeknél tortént
meg a fenti modszerrel a 1éguti status felmérése. Ered-
ményeinket az 1. tablazat foglalja Gssze.

Amennyiben a csecsemd nem szenved mentilis retar-
déaciéban és semmilyen mads jelent8s kiséré betegségben
(f6ként pulmonalis, cardialis vagy neurolégiai abnorma-
litastol mentes), a léguti szlkileteket célszerd egy 1épés-
ben, tracheostoma kialakitdsa nélkiil megoldani. Kritikus
fontossagt, hogy a hosszt tivon sikeres léguti beavatko-
zas legnagyobb esélye az els6dleges sebészeti beavatko-
zas idején van [20]. Ennek megfelelen a tobbszori,
nem megfelelGen kivalasztott [égati mitétek elkeriilése
létfontossagi. A minimalisan invaziv endoszképos be-
avatkozdsok elényben részesitend6k, amennyiben azok-
kal definitiv, stabil 1égut biztosithat6. Az endoszképos
beavatkozasok sikertelensége esetén azonban azok is-
métlése helyett kiilsé feltardsbol végzett mitét mérle-
gelése javasolt, még annak tudatiban is, hogy ezek a
beavatkozasok szignifikinsan nagyobb terheléssel és
morbiditdssal jarnak.

A leggyakoribb, dyspnoét okozé congenitalis beteg-
ség a laryngomalacia, mely a supraglotticus struktarak
dinamikus és passziv Osszeesésével jard szerkezeti és
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1. tiblazat Fels6 1éguti sziikiilet gyantija miatt végzett direkt laryngotracheoscopia eredményet, illetve az alkalmazott mtitéti terdpia. Tovabbi 17 gyermeknél nem
észleltiink miitéti beavatkozast igénylé léguti szikiiletet
Diagnozis Laryngomalacia Kétoldali Subglotticus/trachea stenosis Laryngealis web
hangszalagbénulds
Esetszam 21 21 15 1
Beavatkozis CO,-1ézeres Féloldali EAAL CTR, tracheareszekci6, CO,-1ézeres

supraglottoplastica

SLtp reszekcid

CTR = cricotrachealis reszekcid; EAAL = endoszkopos arytaenoid abdukcids lateropexia; SLtp = ’slide” laryngotracheoplastica

funkcionalis elvaltozas [21-24]. Az esetek megkozelits-
leg 15%-dban a laryngomalacia stlyos dyspnoét, obst-
ruktiv alvasi apnoét és a fizikalis fejlédést szignifikinsan
befolyasolé tiplilasi nehezitettséget okoz, melyek miatt
elkeriilhetetlen a sebészi beavatkozas. A nemzetkozileg
elfogadott megoldas napjainkban az endoszkopos sup-
raglottoplastica, melynek alapjait az 1980-as években
fektették le. A mtitét elvégzéséhez a mai napig tobb tipu-
st eszkoz hasznilatos [25]. A ,,hideg” mikrosebészeti
miszerekkel torténé beavatkozds és a CO,-1ézer hasznd-
lata egyarant elfogadott, ezek mellett ritkdbban alkalma-
zott modszer a microdebrider is. A 1ézer haszndlatat
1985-ben Seid és misai vezették be a megrovidiilt arye-
piglotticus red6k reszekcidjara [26]. Hazankban 2002-
ben Katona Gabor és mtsai cls6ként végeztek hideg-
eszkozos supraglottoplasticat csecsemén [27]. A 1ézer
vitathatatlan el6nye, hogy a jol kontrollalt vagas mellett
alkalmas vérzéscsillapitasra is. A technika ellenzdi ezzel
szemben a potencidlis h6kdrosodas veszélyeire (fokozott
6démaképzbdés, fajdalom, dysphagia, hegesedés) hivjak
fel a figyelmet. Ezek a hatranyok azonban kikiiszobolhe-
ték, amennyiben a folyamatos energidja CO,-lézer he-
lyett ultrapulzacids 1ézert hasznalunk, melynek energia-
profija eltér a hagyominyos CO,-lézerétSl. Az
ultrapulziciés modra jellemz6, hogy az energiit a Iézer
hiaromszogimpulzusokban adja le, igy az impulzusok ko-
zotti id6ben a szoveteknek van idejiik lehtlni. Ebbdl
adéddan kisebb az oldalhd mértéke, csokken a szoveti
karosodas, minimalizdlhaté az 6déma, igy a gyogyulis
id6tartama is lerovidiil [28]. A morfolégiai varidnsoknak
megfelel6en a mitéti beavatkozasok a kovetkezdSk lehet-
nek [29]: Enyhe esetben (I. tipus: az arytaenoid, vala-
mint a corniculataporcok anterocaudalis collapsusa) az
aryepiglotticus redét a cartilago corniculatumtél indulva
az epiglottis széléig haladva vaporizaljuk. A II. tipus ese-
tében (a rovid aryepiglotticus redSk prolapsusa) az dme-
ga alaka epiglottis széli részét vaporalizaljuk, és az arye-
pigloticus red6kon ékreszekciot végziink (1. dbra).
Stlyos esetben (III. tipus: az epiglottis posterocaudalis
suctidja) a laza epiglottison a lingualis felszinen és a
nyelvgyoki tonsillan is nagy hegesedést okozé sebzést ej-
tiink, és az epiglottist a nyelvgyokhoz oltjiik. A beavat-
kozast kovetSen a gyermekek 1-2 6rdn keresztiil intu-
balva maradnak. Az intenziv osztilyt 24 6rin beliil
elhagyhatjak [28].

A hangszalagbénulds a gége mdsodik leggyakoribb fej-
16dési rendellenessége [30]. A féloldali esetek Gjsziilott-
és csecsembkorban tilnyomé tobbségiikben nem igé-
nyelnek  kezelést, természetiiknél fogva gyakran
diagnosztizalatlanok maradnak [31]. Kétoldali hangsza-
lagbénulds esetén azonban a kovetkezményes sualyos
foka dyspnoe azonnali beavatkozist kovetel [32]. Az
irodalomban szdmos, kiils§ feltarasbél (arytaenoidecto-
mia, arytaenoidopexia, arytaenoidectomia a hangszala-
gok oltéssel torténd lateralizaldsival, a hitsé commissura
tagitidsa porcgraft beiiltetésével) és endoszképos tton
(CO,-1ézeres arytaecnoidectomia, lézeres posterior cor-
dotomia, hangszalag-lateralizicid) végzett hangréstagitd
mtét ismert [ 33]. Ezek altalaban a glottis struktarainak
valtozd mértékd reszekcidjaval jarnak. A laryngomalacia
sebészetéhez képest az alkalmazott sebészi megolddsok
heterogenitisa szembeo6tls. Az Gjsziilottkori hangszalag-
bénuldsok kb. 60%-a részben vagy teljesen reverzibilis
[34]. A bénulds észlelésekor azonban a prognézis nem
josolhaté meg, az esetleges regeneracié heteket, hona-
pokat vehet igénybe. Ennek megfelelGen célszerd mini-
milisan invaziv, a gégestruktarikban irreverzibilis valto-
zdsokat nem okozd megoldist valasztani a dyspnoe
megsziintetésére. Az optimdlis sebészi beavatkozas re-
verzibilis, kis mdtéti terheléssel jir, gyors, azonnal meg-
felel$ tagassagt légutat biztosit a hangképzési és a nye-
lési funkcié megbrzésével. Ezeket az elvirisokat a
bemutatott EAAL maradéktalanul teljesiti. Kiemelendd,
hogy a hangszalagok megfelel§ abdukcidés mozgisainak
visszatérésekor a lateralizalé oltések egyszertien eltivo-
lithatok. Az EAAL a hangszalagok pseudoparesisekor
(mechanikai fixcidjakor), a hdts6 commissurahegesedés
esetén is jol alkalmazhaté technika a kannaporcok ideig-
lenes rogzitésére. A cricoarytaenoid iziiletet fixdlé hegek
olddsat kovetSen a mobilizalt kannaporcok kétoldali la-
teralizdcidjival megel6zhetd a hegek ismételt kialakuldsa
[35, 36]. Amint a hatsé commissura tertletén a reepi-
thelisatio lezajlott, a lateralizilé o6ltések ugyancsak elta-
volithatok.

Subglotticus stenosisrél beszéliink, amennyiben a
subglottis dtmér&je jsziilott esetében kevesebb mint 4
mm, korasziilott esetében kevesebb mint 3 mm [4].
A laryngomalacia és a hangszalagbénulas utdn ez a gége
harmadik leggyakoribb fejl6dési rendellenessége, azon-
ban ez a kérkép a csecsemdkori tracheotomia leggyako-
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ribb oka [37, 38]. A minimadlisan invaziv endoszképos
technikdk (hidegeszkozzel vagy 1ézerrel torténé hegki-
metszés, ballonos dilatacié, lokdlis szteroid- és/vagy mi-
tomicininjekcid) csak kis fokd sziikiiletek esetén adnak
definitiv megoldast. Emellett a fenti beavatkozasok no-
velik az esetleges urgens léguti beavatkozdsok incidenci-
djat, és késleltethetik a probléma végleges megoldasat
[39, 40]. Mindemellett a minimélisan invaziv technikdk
eredményessége forditottan ardnyos a subglotticus ste-
nosis sulyossagi fokaval [41—43]. Amennyiben porcos
vagy kombinalt laryngotrachealis stenosist észleliink,
vagy a szikiilt szakasz 1 cm-nél hosszabb, illetve a tra-
chea membranosus fala is érintett, a restenosis magas
valoszintisége miatt endoszkdpos beavatkozasok nem ja-
vasoltak. A laryngotrachealis rekonstrukci6 és a cricotra-
chealis szegment reszekcidja évtizedek 6ta alkalmazott,
jol bevalt mtéti modszerek megbizhatd, hosszt tava
eredményekkel. Ezek a komplex beavatkozdsok azonban
nagy méretd reszekciét, bordaporcgrafttal torténd léguti
tagitast, sztentbehelyezést és tracheotomiat igényelnek
[44, 45]. Ezeket a hdtranyokat az intézetiinkben kialaki-
tott SLtp képes athidalni. A ’slide’ tracheaplastica elvé-
nek modositisival a fiziologidsndl tigabb subglotticus
tér, illetve j6 vérellitdsa, stabil szerkezetd laryngotra-
chealis anasztomoézis hozhat6é létre. Az anasztomoOzis
szintjében ép nyalkahartyaval boritott és porctimaszték-
kal rendelkezé stabil varratsor alakithaté ki, mely azon-
nal megfelelGen tag, stabil [égtti keresztmetszetet bizto-
sit, leroviditi a sebgydgyulast, csokkenti a granuliciokép-
z6dés lehetbségét, és sziikségtelenné teszi az ideiglenes
tracheostomat és a hosszu ideig tart6 sztentelést [14].
A mitéttel elérhetd, fiziologiasnal tigabb subglotticus
tér esetleges enyhe foka restenosis esetén is megfeleld
tdgassigu légutat biztosit.

Kovetkeztetés

A bemutatott sebészi mddszerek egy lépésben, tracheo-
stoma, sztentelés és graft betiltetése nélkiil azonnali sta-
bil légutat biztositanak j6 hangmindséggel és nyelési
funkciéval a supraglottis, a glottis és a subglottis dinami-
kus és statikus sztkiiletei esetén egyarant. Alkalmazasuk-
kal elérhetd, hogy a ritka, 4m az életminGségre igen sa-
lyos hatast gyakorl6 felsé [éguti sziikiiletekben szenvedd
gyermekek teljes életet éljenek, illetve fizikdlis és pszichés
fejlédésiik a kortarsaikkal azonos titemi legyen. A veszé-
lyeztetett légiit menedzsmentje komplex feladat, amely
csak a legmagasabb szintti személyi és technikai feltételek
egyiittes teljestilése mellett lehet sikeres, ezért minden,
léguti sztkiiletben szenveds gyermek kezelése erre kiala-
kitott centrumban kell hogy torténjen!

Anyagi tamogatds: A kozlemény megirdsa, illetve a kap-
csolodd kutatébmunka anyagi timogatasban nem része-
stlt.

ESETISMERTETES

Szerzéi munkamegosztis: B. A.: A kézirat megszovegezé-
se, irodalmi attekintés, mitétek elvégzése. E. E.: Irodal-
mi attekintés, mitétek dokumentalasa. Sz. B.: Szakmai
véleményezés és tandcsadds, mitétek elvégzése. T. Z.:
Irodalmi attekintés, mitétek dokumentalasa, az illuszt-
raciok elkészitése. R. L.: Szakmai véleményezés és ta-
nacsadas, mitétek elvégzése és kifejlesztése. A cikk vég-
leges valtozatat valamennyi szerzd elolvasta és jovihagyta.

Erdekeltségek: A szerzéknek nincsenek érdekeltségeik.
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ARTICLE INFO ABSTRACT

Keywords:

Congenital subglottic stenosis
Long-term follow-up

Open surgery

Slide laryngotracheoplasty

Objectives: Slide laryngotracheoplasty is an effective, single-step procedure without tracheostomy and stenting for
treating high-grade congenital subglottic stenosis in neonates and infants. Long-term outcomes were evaluated to
assess the reliability of the procedure performed in this age of rapid development of the laryngeal structures.
Methods: We report five children who underwent slide laryngotracheoplasty before the age of 4 months, each
with >3 years follow-up. Increases of length and bodyweight were systematically assessed. Breathing, swal-
lowing, voice, and overall satisfaction was assessed by a quality of life questionnaire. Voice quality was objec-
tively evaluated by measuring shimmer, jitter, fundamental frequency, and the harmonics-to-noise ratio.
Results: All patients had a stable and adequate airway during follow-up without any additional open airway
surgery. The patients’ voices were physiological, and the intervention had no negative impact on speech
development. Swallowing function was optimally retained, and the patients’ bodyweight gain and length were
satisfactory. During at least 3 years of observation, the anastomosis remained stable and grew dynamically with
the patient.

Conclusions: Slide laryngotracheoplasty (as a single-step procedure) provides an adequate airway without tra-
cheostomy, grafting, or stenting with good long-term functional results in selected neonates and infants with
congenital subglottic stenosis.

1. Introduction

The adequate treatment of subglottic stenosis (SgS) is a major chal-
lenge of laryngology even nowadays. After laryngomalacia and vocal
fold palsy, SgS is the third most common congenital laryngeal malfor-
mation. However, it is the laryngeal anomaly most commonly necessi-
tating tracheostomy in newborns and infants [1,2]. Low-grade
congenital SgS may improve with growth, but in severe cases, no
spontaneous airway improvement is expected over time; thus, selecting
the optimal surgical treatment strategy is paramount [3]. The ultimate
goal of management is to ensure an adequate airway with the preser-
vation of voicing and swallowing. Despite the well-defined endpoints (e.
g. avoidance of a tracheotomy, definitive decannulation, socially
acceptable voice quality, safe swallowing without aspiration), the sur-
gical treatment of congenital SgS remains heterogeneous and depends
almost as much on the experience of the airway team as on the child’s
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condition [4]. Definitive airway surgery is usually preceded by trache-
ostomy despite its many well-known physical and psychosocial adverse
effects [5-8]. In consideration of the special anatomy and vulnerable
tissues of the pediatric airway, the potentially hidden comorbidities, and
the associated congenital malformations, choosing the appropriate sur-
gical method is crucial at this early age [9-12]. In cases of high-grade
SgS, endoscopic procedures are not suggested [13-15]. Laryngo-
tracheal reconstruction (LTR), cricotracheal resection (CTR), and
extended cricotracheal resection have been used for decades, and they
have proven to be favorable solutions with good long-term results. These
complex open neck surgeries require major tissue resection, stent im-
plantation, or airway expansion by rib cartilage grafts [16,17].

Our recent publication demonstrated, that slide laryngo-
tracheoplasty (SLtp) is an effective single-step intervention, which does
not require stenting for high-grade congenital SgS to widen the sub-
glottic airway and avoid tracheotomy in neonates and infants [18].
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Table 1
Pregnancy information and patient data.
Patient/ Birth  Gestational age Apgar Weight at Oxigen supplementation Grade of Feeding Other symptomes Surgery [day
sex [week] score birth before surgery stenosis before of life]
surgery
1/m p.v. 37 8,9,9 1980g oxigen hood grade II per os - 10th
n.
2/m s.c. 40 7,9,9 3490g intubation grade III NG tube - 14th
3/f p.v. 38 8,10,10 3450g high flow oxigen grade III per os RSV infection, tachycardia 68th
n.
4/f s.c. 37 7,8,9 2370g oxigen hood grade II1 per os Tetralogy of Fallot, 105th
laryngeal web, DiGeorge
syndrome
5/f p.v. 36 _ 3300g intubation grade II1 NG tube RSV infection, laryngitis 92nd
n. subglottica

f = female; m = male; p.v.n. = per vias naturales; s.c. = sectio caesarea; NG tube: nasogastric feeding tube; RSV = respiratory syncytial virus.

Fig. 1. Slide laryngotracheoplasty (schematic drawing). a) Partial midline anterior laryngofissure with preservation of the anterior commissure. The mem-
branous wall of the trachea is sufficiently cropped. b) A tension-free anastomosis was created starting from the posterior wall. c-d) The reconstructed anterior and
lateral wall.
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Optimal swallowing function and voice production are sustained with
this procedure. Because of the rapid development of infants, the
long-term results and stability of the anastomosis in the fast-growing
larynges at this young age are real concerns. With the primary
outcome measure being a permanent solution of dyspnea and with
secondary outcomes focusing on growth, voicing functions, and swal-
lowing, we report five children with >3 years of follow-up after SLtp
performed for congenital SgS.

2. Materials and methods
2.1. Patients

SLtp was performed in seven consecutive patients aged 10, 14, 68,
105, 92, 130, and 120 days old, respectively. In this study, the first five
patients with more than 3 years of postoperative follow-up were
included. Inspiratory dyspnea and stridor occurred immediately after
birth in two cases (patients #1,2). These newborns had been admitted to
the neonatal intensive care unit. Patients #3,4,5 became symptomatic
after an upper airway infection. Patients #2 and #5 had been intubated,
whereas the remaining patients required non-invasive oxygen support
(oxygen mask in patients #1 and 4 and continuous positive airway
pressure ventilation in patient #3), [Table 1].

Direct endoscopic examination verified Cotton-Myer grade III SgS in
four (patients #2-5) and Cotton-Myer grade II SgS in one patient (pa-
tient #1) [5]. In this case the subglottic stenosis was cartilaginous, and
the cricoid cartilage had an atypical shape. Therefore, we opted for
external surgery. In patient #4, SgS was associated with Cohen grade III
laryngeal web, as well as tetralogy of Fallot and DiGeorge syndrome.

2.2. Surgical technique

The patients underwent SLtp as described in our previous publication
[18]. Therefore, only a summary is reported in this study. After explo-
ration of the laryngotracheal complex, the cricotracheal junction was
dissected circumferentially, and partial midline anterior laryngofissure
was performed by dividing the cricoid and thyroid cartilage until the
level of the anterior commissure. Thereafter, a posterior midline cricoid
incision was made with preservation of the integrity of the posterior
perichondrium, posterior cricoarytenoid, and pharyngeal constrictor
muscles. The tracheal trunk was bluntly dissected until the anterior arch
of the upper tracheal cartilages could be pulled up to the level of the
anterior commissure tension-free. The posterior (membranous) wall of
the trachea was sufficiently cropped to fit the posterior subglottic mu-
cosa, and the airway was expanded with the interposed trachea flap via
an anastomosis created between the anterior cricoid, midline-incised
thyroid cartilage, and trachea [Fig. 1.a]. The suturing commenced at
the posterior midline [Fig. 1.b]. Two double-armed continuous locked
sutures were placed clockwise and counter-clockwise. After recon-
struction of the posterior wall, the previously passed nasal endotracheal
tube was descended into the trachea, and then the suturing of the lateral
and the anterior wall was completed. Finally, the threads arriving from
the opposite directions were knotted in the anterior midline with the
knots lying outside the airway. Thus, a continuous suture ring was
created [Fig. 1c,d].

In the patient with an associated laryngeal web, the membranous
component of the web was vaporized using an UltraPulse CO; laser prior
to the open neck procedure.

2.3. Postoperative care

All patients were assigned to the neonatal/pediatric intensive care
unit. Intravenous antibiotics (amoxicillin/clavulanic acid 25 mg/5 mg/
kg for 12 h or a different protocol depending on the bacteriologic
aspirate) were administered for 7 days. On the day of extubation (days
3-10), a steroid bolus (methylprednisolone, 4 mg/kg) was administered.
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Fig. 2. Weight-for-age percentile of the patients. The date of the surgery is
marked by triangles.
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Fig. 3. Length-for-age percentile of the patients. The date of the surgery is
marked by triangles.

The nasogastric feeding tube was removed a few days after extubation,
and oral feeding started progressively.

2.4. Assessment of functional outcomes

The long-term functional results of the intervention were evaluated
with the efficacious help of the parents. Length growth, bodyweight
gain, and breathing or swallowing problems were systematically
recorded. Breathing, swallowing, voice, and overall satisfaction was
assessed using a quality of life (QOL) questionnaire [17]. The following
items were rated by the parents by using the scales as indicated: dyspnea
(grade 1 ‘absent’ to grade 5 ‘at rest’); noisy breathing (grade 1 ‘absent’ to
grade 5 ‘very noisy breathing even at rest’); coughing (grade 1 ‘absent’
to grade 4 ‘frequent episodes’); dysphonia (grade 1 ‘normal voice’ to
grade 4 ‘aphonia’); dysphagia (grade 1 ‘absent’ to grade 3 ‘nasogastric
tube feeding’); and global satisfaction (grade 1 ‘totally satisfied’ to grade
4 ‘totally unsatisfied’). In all parameters lower grades meant better
condition. Voice analysis was performed 36 months after SLtp according
to our previously published protocol based on the guidelines elaborated
by the Committee on Phoniatrics of the European Laryngological Society
[19]. Shimmer (%), jitter (%), fundamental frequency, and the
harmonics-to-noise ratio were analyzed using Praat 6.1.09 software
[www.praat.org]. Endoscopic examinations under general anesthesia
were strongly recommended in the first postoperative year. Thereafter,
direct endoscopy was performed only if surgery-related airway symp-
toms occurred. The follow-up intervals for patients #1-5 were 108, 102,
70, 49, and 47 months, respectively.

Ethical approval for this study was obtained from the Institutional
Ethics Committee of the University of Szeged (registration number 162/
2019-SZTE).

3. Results

Repeated endoscopic airway surgery (UltraPulse CO2 laser


http://www.praat.org
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Table 2
Postoperative care and functional results of the surgery.
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Patient/sex Removal of NG tube [postoperative day] Shimmer [%] Jitter [%] HNR [dB] Fundamental frequency [Hz] Follow-up period [month]
1/m 9th 1.73 0.36 21.54 240.0. 108
2/m 7th 2.76 0.87 23.24 199.9 102
3/f 12th 1.25 0.25 26.78 189.8 70
4/f 10th 1.87 0.77 21.11 245.9 49
5/f 7th 2.29 0.3 24.45 320.4 47
Physiological values <3.81 <1.04 >20
f = female; m = male; NG tube: nasogastric feeding tube; HNR: harmonics-to-noise ratio.
Table 3
Subscores and total score of the quality of life questionnaire.
Patient/sex Dyspnea Noisy breathing Coughing Dysphonia Dysphagia Overall satisfaction >-QO0L
1/m 1 1 1 2 1 1 7
2/m 1 1 2 1 1 1 7
3/f 1 1 1 1 1 1 6
4/f 1 1 1 3 1 3 10
5/f 1 1 1 2 1 1 7
Range 1-5 1-5 1-4 1-4 1-3 1-4 6-25

f = female; m = male; QOL = quality of life.

vaporization) was required in patients #1 and #3 in the second post-
operative month because of the excessive formation of granulation tis-
sue. In the other patients, only planned control endoscopies were
performed (two or three times in the first postoperative year). All chil-
dren had stable and adequate airway during follow-up. Significant
restenosis was not observed in any of the patients, moreover, the sub-
glottic airway has become wider than the physiological one after SLtp.
According to the parents’ judgment, breathing was normal in all pa-
tients. The children did not require an exemption from physical educa-
tion. After the removal of the NG tube, the patients retuned to oral
feeding on a normal diet without the use of any thickener [Table 2].
Figs. 2 and 3 present the weight-for-age and length-for-age percentiles of
the patients. Patient #4 experiences learning difficulties and delayed
speech development. She can create all the vowels and some consonants
(e.g. k, m, n, t). In parallel, her vocabulary is extremely low, she creates
only short sentences and nursery rhymes. Her ‘Wechsler Preschool and
Primary Scale of Intelligence Fourth Edition’ score is also low and the
’MacArthur-Bates Communicative Development Inventory’ shows the
skill level of a 2-year-old child, despite being 5 years old. The remaining
children had a social life in line with their biological age. QOL scores and
acoustic parameters are presented in Tables 2 and 3.

4. Discussion

Congenital SgS is attributed to the incomplete recanalization of the
laryngeal lumen during gestation. It is frequently associated with other
congenital head and neck lesions and syndromes (e.g., CHARGE syn-
drome, Down syndrome, 22q11 deletion) [20]. In a full-term neonate,
SgS is defined as a lumen <4 mm in diameter at the level of the cricoid,
whereas it is defined as a lumen <3 mm in diameter in preterm infants
[21]. Airflow resistance is inversely proportional to the radius to the
fourth power ™ [22]. Accordingly, a 50% reduction of the radius
causes a 16-fold increase in airflow resistance. This significantly
increased resistance imposes a huge physical burden on newborns and
infants equally.

Generally, children with low-grade (grade I or grade II) SgS do not
require surgical intervention. As affected children grow, spontaneous
airway improvement can typically be expected [23]. Even mild grade III
stenosis can often remain asymptomatic for weeks. However, infants
with this airway status may experience recurrent airway symptoms,
primarily when the infection is associated with mucosal edema [24].
Physiological development and growth are significantly impaired in
cases of high-grade SgS; thus, a ‘watch and wait’ policy is not endorsed.

When non-invasive positive pressure ventilation fails, urgent surgical
intervention is necessary. For this purpose, tracheostomy is the most
commonly performed primary intervention. As a life-saving interven-
tion, the merits of tracheostomy are indisputable, however, it can
negatively affect voicing, swallowing, and QOL [25]. Bacterial coloni-
zation and dynamic collapse of the trachea are also real threats [26-28].
A definitive surgical solution that can be performed in one-step could
prevent many consequential problems such as accidental decannulation
or airway obstruction, chronic airway infection, poor voice quality,
negative effects on speech development, tracheomalacia, a need for
multiple procedures, and high medical and nursing costs.

The number of surgical options has significantly increased over the
past 50 years. Still, the proper management of SgS remains both chal-
lenging and complex [29]. Endoscopic, minimally invasive solutions (e.
g., balloon dilatation, excision or incision of scar tissue with cold steel or
CO, laser, intralesional or topical adjuvant therapy such as mitomycin C
application or steroid injection) are optimal for patients with isolated
low-grade (grade I-1I) SgS without a history of previous treatment fail-
ure [30]. However, these techniques can also increase the incidence of
urgent/unplanned airway interventions and potentially delay a defini-
tive solution [31,32]. The chance of success with endoscopic, minimally
invasive techniques decreases with the worsening of the initial grade of
subglottic stenosis [13-15].

Patients with grade III-IV SgS or multilevel airway stenosis mostly
require open surgical procedures [13]. Although these interventions
carry a higher risk of morbidity, this is balanced by the fact that these
treatments provide a definitive solution. In addition, we cannot ignore
the fact that the first operation provides the best chance for a successful
airway intervention [33]. Therefore, the avoidance of multiple, inap-
propriately selected, potentially futile (endoscopic) airway surgeries is
essential. Laryngotracheal reconstruction and cricotracheal resection
are the prevailing procedures globally [34-38]. In pediatric patients,
CTR provides an overall decannulation rate exceeding 80% with a
highly variable reoperation rate of 4%-41% (depending on the patient’s
comorbidities and grade of stenosis). Meanwhile, 22%-45% of patients
require reoperation after LTR [10,17,36,38-43]. Significant manipula-
tion of the laryngotracheal framework is inevitable using these tech-
niques. However, by reducing the amount of resected tissue and
minimizing potential graft problems, the success rate could be theoret-
ically increased.

After SLtp, the reconstructed subglottic area was wider than the
physiological one, even without extended resection or rib cartilage
grafting. This ‘reserve capacity’ ensures a patent airway even in the
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Fig. 4. Direct endoscopic pictures of patient #4. a) Preoperative picture: Cotton-Myer grade III subglottic stenosis and associated Cohen grade III laryngeal web;
*: nasogastric feeding tube. b) Adequate glottic airway in the 45th postoperative month. Direct endoscopy is not obligatory in the late postoperative follow-up.
Laryngotracheoscopy was performed prior to powered intracapsular tonsillotomy and adenoidectomy for obstructive sleep apnea. c) Wide subglottic without
signs of restenosis.<, minimal mucosal scar in the anterior commissure; dashed line, upper rim of the interposited trachea flap, L, left vocal fold; R, right vocal fold.

event of mild restenosis. The cricothyroid complex together with the
interposed trachea flap provides a well-vascularized stable ring. Sacri-
fice of the segmental tracheoesophageal arteries is necessary at the site
of resection because of mobilization of the trachea and cropping of its
membranous wall. However, the lateral longitudinal anastomoses and
transverse intercartilaginous arteries can be preserved, potentially
allowing a complication-free, quick recovery. Therefore, resorption of
the local tracheal graft is modest, and the late postoperative result be-
comes easier to predict. In the absence of rib cartilage grafting, donor
site complications can also be excluded. Furthermore, the trachea is
covered by respiratory mucosa, which prevents granulations, subse-
quent restenosis, and adhesion of airway secretions through physiolog-
ical mucociliary clearance. By reducing the extent of tissue resection and
omitting the dissection of the cricothyroid muscle, the chance of
recurrent laryngeal nerve injury is lower, which leads to optimal voicing
and swallowing function. The children’s voices were more than socially
acceptable. As demonstrated in [Table 2], the assessed objective voice
parameters were in the physiological ranges in all cases. The patients’
bodyweight gain and length growth were satisfactory according to
growth charts, and the parents were pleased with the children’s post-
operative QOL in general. One child (patient #4) with Di George syn-
drome has experienced learning difficulties and delayed speech
development. During at least 3 years of observation, the anastomosis
was stable and growing dynamically with the patient [Fig. 4].

If the general health status is appropriate and no critical comorbidity
is present, SLtp is an addition to the surgical armamentarium for treating
selected cases of congenital SgS. Adequate patient selection is crucial.
The decision concerning whether to perform SLtp must be based on the
overall health conditions of the infant in contrast to the severity of SgS
itself. In children with certain craniofacial anomalies, neuromuscular
disorder, high risk for aspiration, or low pulmonary function, dec-
annulation may be counterproductive.

The drawbacks of this study include its small sample size and single-
center nature. Therefore, further studies are required to explore the
potentials and limitations of this novel surgical technique.

5. Conclusion

SLtp is an excellent surgical option for reconstruction in selected
cases of SgS in a single-stage procedure without tracheostomy and
stenting. Swallowing function and voice production are not disrupted by
the procedure, and the newly formed laryngotracheal structure remains
stable, ensuring the possibility of physiological development despite the
severe congenital airway anomaly.
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