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Purpose of review

To summarize the diagnosis, pathology, and management of glottic, subglottic, and

tracheal injuries secondary to endotracheal intubation in neonates.

Recent findings

Published reports of intubation-related injuries include laryngeal stenosis, subglottic

stenosis (SGS), tracheal rupture, subglottic cysts, and pharyngoesophageal

perforation. Such injuries are multifactorial, with risk factors including patient size and

weight, use of cuffed versus uncuffed endotracheal tubes, and fragility of the mucosa.

In addition, the skill and awareness of the person performing the intubation may also

influence risk of intubation-related injuries. Studies on fetal cricoid anatomy demonstrate

differences in the configuration of cricoids lumen between premature infants and the

adult larynx. Most recently reported airway injuries due to intubation have history of

prematurity as a common risk factor, with increasing incidence associated with

decreasing gestational age and weight. Prematurity and prolonged intubations remain

the top risk factors for development of subglottic cysts. Management of above-

mentioned complications includes endoscopy versus open laryngotracheoplasty for

SGS, using balloon or traditional dilatation or augmentation with cartilage grafts,

respectively; bridging injured area with endotracheal tube versus open resection and

primary closure for tracheal rupture; and use of laser or cold techniques for removal of

cysts.

Summary

Although intubation-related injuries may occur in anyone, neonates are at increased

risk due to their small airway lumen and cricoids cartilage morphology. Endoscopic

and open reconstructive techniques increase treatment options to treat glottic and

SGS.
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Introduction

Since the specialization of anesthesiology in the 1940s,

pediatric intubation has progressed from a dangerous

practice to an acceptable one [1]. Endotracheal intuba-

tions are an extremely common daily procedure, used

in both the operating room for surgical intervention and

for sustaining life in premature and term neonates in

the neonatal intensive care unit (NICU). Advances in

all aspects of surgical and medical intervention for the

simple and complex medical problems in this population

are possible because of the ability to maintain respirations

through intubation. Prolonged intubation in the NICU

setting is likely especially for the extremely premature

infants (gestational age 23–30 weeks). Regardless of

reasons for and length of intubation, the risk of a myriad

of potential injuries to the neonatal airway is present with

each intubation. It is currently not possible to identify
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prospectively who may sustain complications from endo-

tracheal intubations, and complications are identified

after extubation based on symptoms of stridor and/or

respiratory distress. One study found that, in a population

of ventilated infants (>1250 g), the prevalence of at least

one airway lesion was near 90% [2]. The purpose of

this article is to summarize recent descriptions of the

anatomic characteristics of infant cricoids cartilage and

airway, to describe reported injuries at various levels of

the airway, and to review management options for each

type of injury and complications.
Anatomy of the pediatric airway
The pediatric airway has distinct differences from that of

the adult that predispose it to injury during intubation.

Holzki et al. [1] described these differences in detail in

their review of iatrogenic airway injury. The most
orized reproduction of this article is prohibited.
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Key points

� Awareness of potential endotracheal intubation-

related airway injuries is critical for early diagnosis

and appropriate treatment.

� Longer duration of intubation correlates with

greater histologic changes in ulceration and changes

in the cricoarytenoid joint.

� Endoscopic and open techniques offer successful

treatment options and may avoid tracheotomy in

neonates who sustain intubation-related injuries

and subsequent subglottic stenosis.
important difference is that, in the pediatric patient, the

level of the cricoid is the narrowest aspect of the airway.

This is the case until approximately 8 years of age, when

the airway anatomy becomes more similar to that of the

adult, with the true vocal cords marking the narrowest

point. The overall shape of the larynx differs between the

pediatric and adult larynges as well. In adults the inlet

and outlet of the cricoid ring have similar diameters,

but in children the posterior tilt of the cricoid lamina

produces a funnel shape with an oval inlet and circular

outlet. This difference creates an opportunity for injury

because the outlet cannot safely accommodate the same

diameter of endotracheal tube as the inlet. The rigid

nature of the complete cricoid ring also contributes to the

risk of injury because the area that is most narrow is also

the most unyielding to compressive forces.

Histologically, the cricoid is at increased risk due to

lack of a substantial submucosal layer, resulting in less

protection against shearing and compression. Subglottic

injury is likely secondary to ischemia from pressure of

the endotracheal tube, which may lead to mucosal

necrosis, infection, and inflammation. This is followed

by granulation, tissue formation, and scarring. Lima et al.
[3] reviewed a morphometric study of the anatomy of

fetal cricoids cartilage in 19 larynges. The larynges were

obtained from 17 stillborn infants and two newborn

infants, with gestational age ranging from 5 to 9 months.

The cricoid lumen configuration showed an almost

elliptical shape that did not change with gestational

age. The mean inner subglottic cricoid area was

19.27� 9.62 mm2 and was related to weight and body

surface area; however, there was no significant difference

from the fifth to the ninth month. Additionally, the

growth of the cricoids is greater on the outer portion

than in the inner portion. Even the smallest-diameter

polyvinyl chloride tubes (3.0 mm) are larger than the

mean inner diameter (anteroposterior 2.04 mm� 0.63 mm,

laterolateral diameter 2.86� 0.70 mm) observed for the

study population.
Mechanisms of injury
Neonates who are intubated usually are not paralyzed,

and therefore continue physiologic sucking and swallow-

ing with tongue movements that result in movement of

the endotracheal tube against the glottic and subglottic

mucosa. Potential injuries are likely unavoidable in those

who require prolonged intubation. Holzki et al. [1]

describe a common finding by otolaryngologists on endo-

scopy of a ‘key hole’ appearance due to development of

granulation tissue on the lateral edge of the midportion of

each true vocal cord. Bridge of tissue may become

permanent if not diagnosed and treated. The authors

discuss the fact that there are differences in the stiffness

of endotracheal tubes as well as variation in outer
Copyright © Lippincott Williams & Wilkins. Unaut
diameter despite having the same internal diameter.

Another concern focuses on the use of cuffed tracheal

tubes in children. The authors point out that in all studies

that recommend use of cuffed tubes, even in infancy, they

do not have endoscopic evidence to document potential

injury to the glottic and subglottic airway, but only use

postextubation stridor as the main outcome measure. Even

if the cuff is uninflated, the ‘shoulder’ or the attachment

area of the cuff to the tube may cause trauma to the vocal

cords. An endotracheal tube which is too large for a patient

may result in a circular necrosis of the mucosa, followed by

exposed cricoid, exuberant granulation tissue, and event-

ual scarring leading to subglottic stenosis (SGS).

Vijayasekaran et al. [4] reviewed histopathologic charac-

teristics of the cricoarytenoid joint of 11 larynges from

cadaver infants (mean 12 weeks) and found abnormal

cricoarytenoid joint (CAJ) pathologic findings in four cases

consistent with acute arthritis. This was evidenced by

necrotic lining of the joint, inflammatory infiltrate within

the joint space, and hemorrhage into the posterior aspect of

the CAJ capsule. Statistically significant differences were

found in the days of intubation between the two groups;

infants with abnormal CAJ histopathology had a mean

duration of intubation of 21 days (range 14–30 days)

and those with normal CAJ had been intubated for a mean

duration of 6 days (range 1–20 days). A prior study by Sato

and Nakashima [5] from 44 infants, including 21 extremely

low birth weight infants (<1000 g) who were intubated

for periods ranging from 10 min to 138 days, found that,

as duration of intubation increased, mucosal ulceration

became larger and deeper, with injury at the subglottis

and posterior glottis greater than at other portions of the

cricoids. In addition, the perichondrium of the cartilage

was exposed in many cases when intubation was longer

than 8 days. No relationship was found between the degree

of intubation injury and the birth weight of the infants.
Iatrogenic perinatal pharyngoesophageal
injury
Schuman et al. [6�] reviewed 5910 total NICU discharges

from 2004 to 2008, and found six cases of iatrogenic
horized reproduction of this article is prohibited.
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perinatal pharyngoesophageal injury (IPPI) with an

overall incidence of 0.10%. All six cases occurred in

infants less than 33 weeks of gestational age and

weighing less than 1500 g. No cases were reported in

infants with 33 weeks or greater gestational age or

whose birth weight was greater than 1500 g. Risk of

IPPI increased with decreasing gestational age, with

an incidence rising from four of 1320 (0.30%) in those

at 27–32 weeks of age to two of 521 (0.38%) in neonates

born at less than 27 weeks of gestation. Birth weight

of 1000–1500 g and below 1000 g had similar incidence

of IPPI, three of 675 (0.44%) and three of 642

(0.47%), respectively. Reflexive cricopharyngeal mus-

cular constriction and esophageal narrowing and com-

pression against cervical vertebrae with extension of

the infant head have been hypothesized to contribute

to this injury. Similarities reported in these cases

include aggressive oropharyngeal suctioning, multiple

unsuccessful intubation attempts, and positive pressure

ventilation by face mask prior to successful intubation.

All patients survived with conservative treatment

of intravenous antibiotics, delay of oral intake, and

continued intubation.
Subglottic cysts
First described by Wigger and Tang in 1968 [7]

as a cause for fatal laryngeal obstruction, iatrogenic

subglottic cysts have been described by several

studies. Lim et al. [8] described 51 patients treated

who underwent microlaryngeal or laser resection with

recurrence rate as high as 43%. Bauman and Benjamin

[9] described 15 patients with 80% of the cysts

observed to occur in preterm, low birth weight infants

and 80% of cysts resulting from intubation trauma.

Jaryszak and Collins [10] recently reported a case of

bilateral subglottic cysts in a preterm infant successfully

treated with microdebrider resection as an alternative

to the traditionally reported use of carbon dioxide laser

resection.
Case of endotracheal suction catheter as a
foreign body in a neonate
Shah and Sinn [11] reported a case of foreign body in the

airway secondary to intubation of a term infant. A 3.5-mm

endotracheal tube was cut short to reduce dead space,

but a closed endotracheal suction catheter, which was

attached to the endotracheal tube, was accidentally

cut, resulting in the cut tip migrating down to the

tracheobronchial tree. Chest radiograph showed a

collapsed right upper lobe. The foreign body was

successfully removed using a rigid bronchoscope. Other

reported foreign bodies include shearing of plastic

sheath of the endotracheal stylet and rupture of closed

endotracheal suction catheters [12,13].
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Tracheal rupture secondary to endotracheal
intubation

Doherty et al. [14] reported a case of anterior tracheal wall

injury secondary to multiple attempts at orotracheal

intubation with reported difficulty in a full-term infant

immediately after birth. Subcutaneous emphysema

and pneumomediastinum on chest radiograph led to

diagnosis by rigid endoscopy. Conservative management

by tube placement distal to the site of injury, sedation,

ranitidine, and intravenous antibiotics resulted in com-

plete healing confirmed by endoscopy 7 days later.

Schedlbauer et al. [15] reported 18 cases of tracheal

injuries in a review from 2000 to 2007 at a level I trauma

center. Only four cases were found in pediatric patients,

none of which were in neonates. For tracheal injuries

attributed to intubation trauma, the length of the

injury generally corresponds to the length of the cuff,

and eccentrically inflated cuffs or cuff overinflation is

believed to be the cause of such complications.
Subglottic stenosis
The most common injury secondary to endotracheal

intubation of neonates is likely SGS. Walner et al. [16]

reported a likely downward trend in the incidence of

neonatal SGS in the late 1990s based on a review of all

NICU admissions at a single institution in a single year as

well as review of literature on SGS from 1960 to 1999.

Studies published after 1983 reported incidence of less

than 4%, decreasing to less than 0.63% in studies pub-

lished after 1990. The authors estimated in 2001 that the

current incidence of SGS was likely between 0 and 2%.
Management of intubation-related subglottic
injuries
Advancements in endoscopic equipments and techniques

have increased treatment options for SGS secondary to

intubation-related injuries beyond traditional tracheot-

omy and open surgical approaches. Quesnel et al. [17��]

published their experience of treating 40 patients, with 24

of 40 initially undergoing endoscopic intervention only by

laser or dilation, with or without mitomycin treatment.

Endoscopic treatments resulted in resolution and/or

decannulation without need for open procedure in 58%

of patients. Similarly to other reports, the authors found

that the likelihood of success with endoscopic approach as

the primary treatment modality decreases with worsening

initial grade of SGS. Mirabile et al. [18��] reported an 83%

success rate in treating 18 pediatric cases of grade II to IV

SGS using endoscopic anterior cricoids split and balloon

dilation, with results of all patients having grade 0 or I by

the end of their follow-up period (range 4–45 months,

mean 15.3 months). The authors report that this can be a
orized reproduction of this article is prohibited.
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first-line treatment option for grades II to IV SGS

provided that there is no concomitant supraglottic or

glottic involvement or dynamic abnormalities. Other

adjunctive treatments in an endoscopic approach include

use of microdebrider, carbon dioxide and potassium

titanyl phosphate lasers, and balloon dilation, and all of

these may be combined with topical treatment with

steroids or mitomycin C. Traditionally, open approach

included anterior cricoid split (ACS), laryngotracheo-

plasty (LTP), and, if severe or failed LTP, cricoid

resection with thyrotracheal anastomosis. White et al.
[19] reported single-stage LTP as a potential first

alternative to tracheotomy in infants younger than

6 months of age with SGS as the primary airway lesion.

They compared 21 infants (mean age 3.7 months in the

LTP group, 2.8 months in the ACS group) who underwent

LTP with 11 who underwent ACS instead of tracheotomy,

and the operating-specific success rate was 81% in the

LTP group compared with 27% in the ACS group, even

when there were more infants in the LTP group with

grade III SGS.
Ridgway et al. [20] reported their preliminary experience

using optical coherence tomography on 12 newborn

patients who required ventilator support. This is an

imaging modality that utilizes nonionizing coherent

light to produce high-resolution images of living

tissue, and the authors reported this technique to be

capable of identifying surface epithelium, the underlying

lamina propria, and the interface of the basement

membrane in all tissues of the laryngeal airway. Future

research using this modality may allow prospective

evaluation of the airway in infants requiring prolonged

intubation.
Conclusion
Endotracheal intubation in neonates has the potential

to cause commonly seen glottic and subglottic com-

plications, from acute granulation to chronic SGS.

In addition, rare but serious complications such as IPPI

and tracheal rupture have been reported, which appear to

have increasing risk in neonates with decreasing weight.

Histopathologic studies have shown greater degree of

injury with increasing duration of intubation but not with

weight. Endoscopic techniques as well as open LTP

offer good treatment options when used separately or

in conjunction.
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