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OBJECTIVES
At the end of this activity, the participant should be able to:
1. Review the causes of airway stenosis in children
2. Discuss the management of a child with airway stenosis
3. Review the role of a multidisciplinary approach in the
management of children with complex airway issues

INTRODUCTION

Pediatric laryngotracheal stenosis encompasses a wide variety
of congenital and acquired disorders resulting in narrowing of the
airway. Acquired laryngotracheal stenosis is predominantly due to
intubation related trauma to the airway. Despite improvement in
techniques, a better understanding of the mechanism of airway
injury, and the availability of better endotracheal tubes, post-
extubation laryngotracheal stenosis is still common. Surgical
procedures aimed at avoiding a tracheostomy are undertaken
whenever possible as a tracheostomy has a strong negative impact
on the quality of life of the family and the child. In children with
a tracheostomy, early surgical intervention is performed in order to
shorten the tracheostomy dependence. In this regard, these cases
should be handled by multidisciplinary Aerodigestive centers with
input from a Pediatric Otolaryngologist, Pediatric Pulmonologist,
Pediatric Gastroenterologist, Speech Language Pathologist and
General Surgeon.

CAUSES OF PEDIATRIC LARYNGOTRACHEAL STENOSIS

Pediatric laryngotracheal stenosis can be Congenital or
Acquired. Ninety percent of laryngotracheal stenosis is acquired. The
most common cause is endotracheal tube-related airway trauma.

Other acquired causes of laryngotracheal stenosis include laryngeal

trauma, autoimmune disorders, such as Wegeners Granulomatosis
and infections. Neonates requiring endotracheal intubation have an
incidence of subglottic stenosis ranging from one to eight percent.
'The factors, which have been shown to be related to laryngotracheal
stenosis secondary to intubation include duration of intubation,
endotracheal tube size, number of intubations, traumatic
intubations, movement of the endotracheal tube and infection.

INITIAL ASSESSMENT OF A CHILD WITH SUSPECTED
LARYNGOTRACHEAL STENOSIS

The important points in the initial assessment of a child with
laryngotracheal stenosis are detailed in Table 1. The major signs and
symptoms related to laryngotracheal stenosis involve issues with
feeding, the voice and the airway. The most common presentation of
subglottic stenosis is progressive respiratory difficulty with biphasic
stridor. Airway compromise may present only during respiratory
tract infections such as recurrent croup. Since intubation-related
airway trauma is the most common cause of laryngotracheal
stenosis, a detailed intubation history is essential. Another
factor which impacts the success of the treatment is the safety of
swallowing. In patients with neurological swallowing impairment,
airway lumen restoration may lead to worsening of aspiration.

TABLE 1: INITIAL ASSESSMENT OF A CHILD WITH
SUSPECTED LARYNGOTRACHEAL STENOSIS

Presentation Breathing difficulty

Cyanosis

Weak Cry

Dysphonia

Feeding: Oral/ Nasogastric/ G tube
Recurrent chest infections

History of Endotracheal Indication of intubation

Intubation (if present) Duration of intubation
Endotracheal tube size
Difficulty of intubation
Accidental extubation
Multiple intubations
Decannulation

Physical examination Stridor
Onset/Duration/Phase of respiration:
Inspiratory, Expiratory, Biphasic
Retractions
Dysmorphic features
Presence of Hemangioma
Neurological impairment
Pulmonary status



TABLE 2: WORK UP OF LARYNGOTRACHEAL STENOSIS

Direct Laryngoscopy & Rigid Bronchoscopy * To access the site, degree and extent of Laryngotracheal Stenosis.
* Grading of stenosis according to the Cotton Myer grading system
* Glottic involvement: Posterior glottis stenosis and Vocal Cord Synaechia
* Assessment of Tracheostomy Site: Suprastomal collapse, Granuloma, tracheomalacia and Tracheal Granuloma

Suspension Microlaryngoscopy * In case of Vocal Cord Immobility, to differentiate vocal fold paralysis from post glottis stenosis with or without
Cricoarytenoid joint dysfunction.
* Arytenoid palpation

Flexible Bronchoscopy * Bronchoalveolar lavage
- Lipid Laden macrophages for Chronic Aspiration
- Bacteriological analysis of Tracheal Aspirates

Oesophagoscopy

Dual Probe pH monitoring « To evaluate Gastroesophageal reflux: Reflux is significant if the time with pH less than 4 is greater than
5-10% at the lower probe and greater than 4% at the upper probe.

Nasal Swabs * Rule out MRSA

Swallowing Assessment * Functional Endoscopic Evaluation of Swallowing

+ Laryngeal Mobility: Vocal cord motion/Laryngeal elevation
+ Pharyngeal Transit
+ Premature spillage
+ Laryngeal penetration
* Aspiration
* Hypopharyngeal pooling
* Videofluroscopic Evaluation of Swallowing
« Clinical Dysphagia evaluation by a Speech Language Pathologist

| Grade IV

(GRADING SYSTEM FOR
LARYNGOTRACHEAL STENOSIS
The most commonly used system for

No Detectable
Lumen

ol

71%
assessing Laryngotracheal stenosis is the Cotton Obstruction Obstruction

Myer grading system. The system is based on
the degree of correctional luminal stenosis as
documented by a standard endotracheal tube.

GRADE BASED MANAGEMENT
STRATEGY

1. Grade I Subglottic stenosis:

Not all Grade I subglottic stenosis needs
treatment. Usually a thin scar with less than fifty

percent obstruction is amenable to radial incision  yap) £ 3. TREATMENT OPTIONS FOR LARYNGOTRACHEAL STENOSIS
which can be done with either laser or cold steel

FIGURE 1
The Cotton Myer Grading System for Laryngotracheal stenosis

instruments with subsequent balloon dilation. GRADE OF STENOSIS  TREATMENT

. . <70%): ic—
2. Grade IISubglottu‘ stenosis: Grades | & Il (<70%) Endoscopic — cold, laser, balloon
For a thick scar, anterior costal cartilage Grades II, ll & IV (>50%)  Expansion Techniques
graft is preferred. With significant glottis Anterior graft
Posterior graft

involvement an anterior-posterior graft with

. . . Anterior + posterior grafts
a period of stenting is recommended. In the

Resection
Partial Cricotracheal resection(PCTR)
Slide Tracheoplasty (cervical / thoracic)

presence of comorbidities, a double stage
laryngotracheal reconstruction (LTR )is preferred

as compared to a single stage LTR. Expansion and Resection

Extended Partial Cricotracheal resection: PCTR+Posterior cartilage graft
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FIGURE 2
A single stage anterior laryngotracheal reconstruction in a patient, 28 weeks premature, at 3 months of age for subglottic stenosis using a thyroid
ala graft. The infant was successfully extubated. A: The proposed site of harvest of the thyroid ala graft. B: Insetting the graft. C: Graft in position

3. Grade III and Grade 1V Subglottic stenosis:

Higher grade stenosis is usually associated with thick
scarring and endoscopic approaches have limited efficacy in
the management of these lesions. Open airway procedures
are relied on for the management of such higher grades of
stenosis. Thicker scars, greater than five millimeters, may benefit
from laryngotracheal reconstruction with anterior and posterior
cartilage grafts and endoluminal stenting. Partial cricotracheal
resection is an option for severe grades of laryngotracheal
stenosis. For a cricotracheal resection, a three to four millimeter
stenotic-free area below the cords is usually recommended,
although it can be combined with a posterior cricoid split, which
results in an extended PCTR in cases of posterior glottis stenosis
associated with Grad three to four subglottic stenosis.

In the presence of severe glottis involvement, two treatment
options are double stage anterior-posterior graft with stenting
and extended partial cricotracheal resection with stenting.
Extended PCTR involves full resection for the diseased airway
segment with a posterior cricoid grafting.

ANTERIOR LARYNGOTRACHEAL RECONSTRUCTION
(LTR)

Though a variety of grafts have been used for an Anterior
LTR, two grafts are widely used; the thyroid ala graft and
the costal cartilage graft. The thyroid ala graft is excellent for
anterior LTR in infants and neonates, as it is easy to harvest
and does not require another incision for harvesting the graft.
The costal cartilage is the workhorse of anterior Laryngotracheal
reconstruction.

ParTIAL CricOTRACHEAL REsEcTION (PCTR)

The basic principal of cricotracheal resection is to resect the
diseased segment of the airway and connect the superior and
the inferior segments. The indications for a partial cricotracheal
resection include severe Grade III or IV stenosis with concentric
scarring. PCTR is also used as a salvage procedure after failed
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FIGURE 3

A laryngotracheal reconstruction using costal cartilage graft in a
4-year-old child with subglottic stenosis. Notice the graft abutting
the stoma.

laryngotracheal reconstruction. A contraindication of PCTR
would be stenosis involving the vocal cords and Grade I or II
stenosis. The best candidates for PCTR are Grade III or Grade
IV stenosis with a clear margin, greater than three millimeters,
between the stenosis and the vocal folds. In patients without
comorbidities, single stage PCTR can be done for isolated severe
Grade III or IV SGS. A double-stage PCTR can be done in
severe Grade IIT or IV SGS in patients with comorbidities.

TrRACHEAL RESECTION

Isolated tracheal stenosis is rare in the pediatric age group
and management of tracheal stenosis has been challenging.
Endoscopic approaches with the use of a CO2 Laser and airway
balloons are the initial treatment and especially useful for short,
web-like cicatricial stenosis.

However, for Grade III to IV stenosis with multiple failures
of endoscopic treatment, tracheal resection and end-to-end

anastomosis remains the gold standard.



FIGURE 4 FIGURE 5

(A) A 13-year-old boy with tracheal stenosis. (B) Initial laser incision (A) A 15-year-old with tracheal stenosis following intubation. (B)

and balloon dilatation. (C) One month postoperatively. A 3D reconstructed CT scan of the patient showing the tracheal
stenosis. (C) Exposure from the tracheal resection. (D) Resected
tracheal segment.
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xeotn: QUtPatient Specialty Care

One phone number for all of your outpatient referrals.

PHONE: (504) 896-2888 or
(844) 200-CHNO (2466)

FAX: (504) 896-2889
DX  CHNOREFERRALSGLCMCHEALTH.ORG

*Please ensure you are sending electronic referrals securely.

CHILDREN’S HOSPITAL TRANSFER CENTER
(855) CHNOLA-1 (855) 246-6521 (504) 896-6673

The Transfer Center is staffed 24/7 by registered nurses who can conduct three-way calls on a
recorded line between the referring physician and the Children’s Hospital accepting physician.

The Transfer Center coordinates all transfers and admissions to Children’s Hospital and
dispatches a dedicated critical care transport team by ambulance, helicopter or
fixed-wing aircraft to transport critically ill or injured patients from referring hospitals.

MULTIDISCIPLINARY/SPECIALTY CLINICS

Botox Clinic (Neurology / PMR) Late Effects/Treatment After Cancer Clinic (Pinki Prasad, MD)
Cerebral Palsy Clinic (Neurology and Orthopedics) Metabolic Clinic (Michael Marble, MD)

Cleft/Craniofacial Clinic (Michael Moses, MD) Muscular Dystrophy Clinic (Neurology)

Cochlear Implant Clinic (Moises Arriaga, MD) Neurofibromatosis Clinic (Genetics)

Concussion Clinic (Scott Schultz, MD) Neuromuscular Clinic (Neurology)

Cystic Fibrosis Clinic (Stephen Levine, MD) Rapid Treatment Clinic (Psychology)

Developmental Clinic (Joaquin Wong, MD) Scoliosis/Pediatric Spine Clinic (Orthopedics)

Diabetes Clinic (Endocrinology) Sickle Cell Clinic (Renée Gardner, MD / Dana LeBlanc, MD)
Down Syndrome Clinic (Genetics) Spasticity Clinic (Neurology)

Feeding Clinic (Paul Hyman, MD) Spina Bifida Clinic (Scott Schultz, MD)

Hemophilia Clinic (Maria Velez, MD) Travel/lnternational Adoption Clinic (Rodolfo Begue, MD)
Kidney Transplant Clinic (Isa Ashoor, MD) Vascular Anomalies Clinic (Jeffrey Poole, MD)
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PHYSICIANS BY DEPARTMENT/SPECIALTY

Adolescent Medicine
Pasternak, Ryan
Naranjo, Brooke, NP
Pierre, Diedre, NP

Allergy/Immunology
Ochoa, Augusto
Paris, Kenneth (-M)
Sorensen, Ricardo ™
Wall, Luke (BR.C:M)

Autism Center
Boggs, Koren
Gentile, Steven
Kamps, Jodi

Behavioral Health
Hanna, Jamie
Williams, Andrew

Cardiology
Brumund, Michael €
Gajewski, Kelly ©
Lilie, Christian ©
Mallula, Kiran
Samples, Stefani ©
Sernich, Steffan ©
Siwik, Ernest
Stopa, Aluizio ¢+

Cardiothoracic Surgery
Caspi, Joseph
Dorotan, Jaime
Gottlieb Sen, Danielle
Pettitt, Timothy

Children at Risk Evaluation
(CARE) Center
Jackson, Jamie &R
Mehta, Neha (BR.)
Wetsman, Ellie
Troy, Anne, NP (BRC)

Dermatology
Boh, Erin
Gerdes, Michelle
Poole, Jeffrey

Endocrinology
Chalew, Stuart
Felipe, Dania
Gomez, Ricardo BRCM
Tieh, Peter BRM)
Finger, Laurie, NP (BR.C)

Gastroenterology
Alonso, Elizabeth (BRC)
Arias, Patricio
Brown, Raynorda (BR.C:M)
Hyman, Paul
Keith, Brent
Rosenberg, Allan ™

General Surgery

Stafford, Shawn
Yu, David ©

Genetics

Marble, Michael (&1

Hematology/Oncology

Gardner, Renée (-©)
LeBlanc, Dana
Morrison, Cori
Prasad, Pinki
Velez, Maria (BR
Yu, Lolie

Hospitalists Referrals

English, Robin
Hescock, Jay
Messer, Amanda
Murphy, Megan
Prudhomme, Amy
Reilly, Leslie
Sandlin, Chelsey
Sarker, Shubho

Infectious Disease

Begue, Rodolfo

Nephrology

Ashoor, Isa BR)
Aviles, Diego (BRC)
Straatmann, Caroline ©

Neurology

Deputy, Stephen
Gautreaux, Jessica BRCLM
McGuire, Shannon

Rao, Rashmi (R

Tilton, Ann

Toler, Jeremy (BRL)

Weimer, Maria ™

Wong, Joaquin

Lacaze, Kristina, NP (BR)
McCain, Jennifer, NP (©)

Neurosurgery

Roberts, O.A. (¢b
Volk, Jerome (&M

Ophthalmology

Ellis, Jr., George ™

Eustis, Sprague

Leon, Alejandro ™

Baham, Leonard, CO, COMT ™
Pritchard, Cynthia, CO, COT ™

Orthopedics

Accousti, William BR- M
Faust, Donald (Hand)
Faust, Katherine (Hand)
Gargiulo, Dominic (BRL)
Gonzales, Tony (BRC)
Heffernan, Michael (¢ &)
King, Andrew (BRMON)
Pappas, Nick (Hand)

Balamane, Kristina, PA
Lago, Theresa, PA (©
Nguyen, Jessica, PA
Gill, Katherine, NP

Orthopedic Oncology
Cable, Matthew

Otolaryngology (ENT)
Arriaga, Moises
Dunham, Michael ©
Gary, Celeste
Hagmann, Michael €W
Kanotra, Sohit (BR)
Torres, Jairo ©
Sevy, Alexander
Smith, Kelly, NP

Physical Medicine and Rehab

Schultz, Scott R L)

Plastic Surgery
Lau, Frank
Moses, Michael
Mundinger, Sol (©
St. Hilaire, Hugo
Tessler, Oren

Psychology
Franz, Diane
Henke, Amy
Jackson, David (©)
Johnson, Corrinn
Kiracofe, Catherine
Lewis, Courtney
Niemeier, Michelle
Rothbaum, Rebecca
Walker, Mayling

Pulmonology
Edell, Dean A
Levine, Stephen ©
Dupre, Lyndi, NP

Radiology
Arcement, Christopher
Congeni, Jane
Haymon, Marie
Manning, David
Ward, Kenneth
Wasilewska, Ewa

Rheumatology

Gedalia, Abraham M-ER.L)

Sleep Medicine

Thomas, David &R

Urology
Martin, Aaron (¢4
Ortenberg, Joseph &R C. L)
Roth, Christopher ®
Prudhomme, Gabi, NP

In addition to Children’s Hospital Main Campus, some physicians also hold clinics at other centers.

(A) Alexandria (B) - Biloxi (BR) - Baton Rouge (C) - Covington (H)-Houma (L)- Lafayette (LC)-Lake Charles (M) - Metairie Center (MON) Monroe (T)- Thibodaux
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Do your patients qualify for Financial Assistance?

Children’s Financial Assistance Program (CFAP) is a available to assist families with incomes
too high to qualify for Medicaid, but whose lack of resources limit their access to quality healthcare.

Patient’s whose family income is between 200% (Medicaid limit) and 400% of the federal poverty income guidelines may qualify

Many of the covered services include inpatient, short stay services, outpatient clinics, emergency room visits as well as therapy visits that are
provided by Children’s Hospital.

A Financial Counselor will be happy to assist your patients with determining if they are eligible for this benefit.

Applications and additional information is available online in our Patient Services section.

To find out more, please refer your patients to our Financial Assistance Representatives at (504) 894-5166.
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