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Laryngeal (laryngotracheo-oesophageal) clefts

are relatively rare, but are being reported with in-

creasing frequency. The condition is of particu-

lar interest to paediatric anaesthetists, but may

present in adults and may be encountered by any

anaesthetist called to assist an infant in respira-

tory distress. Its presentation has features in

common with most respiratory disorders of

infancy and it should be considered in the

differential diagnosis. Increased mortality and

morbidity is linked to failed early diagnosis.

Successful management requires both an aware-

ness of the possible diagnosis and employment

of modified techniques to avoid potential pitfalls

of intubation. Perioperative management pre-

sents anaesthetic challenges at all stages. This

article aims to discuss these challenges and high-

light the associated syndromes in which the

defect may be encountered.

Incidence

The first laryngeal cleft was reported by Richter

in 1792, after his examination of a newborn

infant with feeding difficulties and pulmonary

aspiration.1 The first successful surgical repair

did not take place until 1955 by Pettersson and

by 1974 only 33 cases had been described in the

literature.

Laryngeal clefts account for 0.3-0.5% of all

congenital anomalies of the larynx.1 Incidence

is traditionally quoted as 1:10–20 000 live births

with a male:female ratio of 5:3. However current

data suggest the true incidence is greater, with a

recent study showing laryngeal clefts in 7.6% of

airways warranting investigation for chronic

cough and aspiration.

Aetiology

The larynx emerges from the fourth and fifth

branchial arches. Early in fetal development, the

trachea and oesophagus share a common lumen.

Migration of the respiratory system from the

primitive foregut occurs at 20 days, with the de-

velopment of a tracheo-oesophageal septum in a

cephalad direction. This process is normally

complete by 6–7 weeks gestation with fusion of

the cricoid cartilage. Arrest of this septal ad-

vancement is responsible for creation of the cleft.

The earlier this defect occurs in gestation, the

more severe and longer the resulting cleft.

Recognized maternal risk factors include alcohol

consumption, drug use, and polyhydramnios.

Classification

The first classification system was devised by

Cohen in 1975, but the most commonly recognized

today is the Benjamin and Inglis classification,

created in 1989 (Fig. 1). This was subsequently

modified in 2006 by Sandu, who added Stage 0, a

submucous cleft and 3b, which differentiates clefts

that extend into the cervical trachea. For the pur-

poses of this article, we refer to the classification

system of Benjamin and Inglis.

Associated congenital
anomalies

Clefts may arise spontaneously as isolated defects,

but there is a high incidence as part of congenital

syndromes. They are most commonly associated

with Opitz-G syndrome, a rare, multiple con-

genital anomaly condition, with midline defects.

Features are usually more severe in males. It is a

heterogenous disorder, inherited by various

modes of genetic transmission, including the

22q-deletion syndrome associated with other con-

ditions such as DiGeorge, Cayler Cardiofacial,

and VeloCardioFacial syndrome.

Other conditions that may be associated with

laryngeal clefts include Pallister–Hall syn-

drome, resulting from autosomal dominant in-

heritance, or de-novo mutations of the GLI3

gene. CHARGE and the VATER/VACTERL

associations may also be associated with laryn-

geal clefts (Fig. 2).

The incidence of associated multi-organ

defects is high (56%) necessitating meticulous

preoperative investigation. The majority of ab-

normalities occur in the upper respiratory tract

(50–66%) and are often revealed during the

initial diagnostic procedure. These can include
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tracheo-bronchial malacia, vocal cord palsies or tracheo-oesopha-

geal fistula (TOF) (20–37%). Other associated congenital abnormal-

ities occur to varying degrees: genitourinary malformations (14–

44%); gastrointestinal (16–67%); and cardiac defects (16–33%).

These may include oesophageal strictures, atrial, or ventricular

septal defects.

Presentation and airway management

The timing of presentation usually relates to the severity of the cleft,

with more extensive clefts presenting in the early neonatal period.

Grade 1–2 clefts may present in adult life. The oldest reported

patient with a newly diagnosed Grade 3 cleft, was 60 years of age.

In young infants, presentation shares common features with respira-

tory disorders: poor feeding and failure to thrive, persistent cough

and recurrent aspiration, stridor, cyanosis or choking episodes, and

respiratory failure.

Anaesthetists are not infrequently called to assist an infant in

respiratory distress, where urgent airway intervention may be

required. Where a laryngeal cleft is present, the tip of the tracheal

tube (TT) may descend posteriorly into the defect, creating the false

impression of an oesophageal intubation. Reports describe clinical

scenarios where bilateral lung ventilation accompanies air entry into

the stomach or persistent vocalization in intubated neonates. In this

situation, advancing the tip of the TT distally to the level of the

carina, can avoid multiple attempts at intubation and tracheal injury.

Insufflation of the stomach via the TT or facemask may further com-

promise respiratory distress and non-invasive ventilation should be

avoided. Passage of a wide-bore nasogastric (NG) tube will relieve

the abdominal distension, but anecdotally may also act as a partial

splint stabilizing the cleft and maintaining an anterior position of the

TT.1

Other successful techniques described include: emergency

tracheostomy; endobronchial intubation with one-lung ventilation;

bilateral endobronchial intubations using two smaller TTs; use of a

double lumen tube; a classic LMA and emergency cardiopulmonary

bypass (CPB) or extracorporeal membranous oxygenation (ECMO).

Direct endoscopic placement of the TTs by Ear Nose and Throat

(ENT) surgeons may be necessary. After successful intubation,

episodes of repeated accidental extubation are commonly reported.

Anaesthetic management

Preoperative assessment

Preoperative assessment should involve a multidisciplinary team

and include a thorough investigation of organ systems. The extent of

Fig 1 Benjamin and Inglis classification of laryngeal clefts2 (with permission
of Annals Publishing Co). Type 1: supraglottic interarytenoid cleft, sparing the
cricoid cartilage. Type 2: partial cricoid cleft, remains above the cricoid
lamina. Type 3: total cricoid cleft, with or without extension into the cervical
cartilage. Type 4: laryngoesophageal cleft, extending into the thoracic
trachea, may extend as far as carina.

Fig 2 Congenital syndromes associated with laryngeal clefts.

Laryngeal clefts

Page 2 of 6 Continuing Education in Anaesthesia, Critical Care & Pain j 2014

D
ow

nloaded from
 https://academ

ic.oup.com
/bjaed/article/15/5/237/240600 by guest on 16 M

ay 2023



which will be dictated by the severity of the clinical symptoms.

A chest-radiograph to assess extent of pulmonary disease and

echocardiogram are essential. Cardiac anomalies may require

more urgent or simultaneous correction. Renal ultrasound,

thoraco-abdominal computed tomography and spinal imaging

should be considered as vertebral anomalies are present in up to

80% of patients with VACTERL syndrome. If time allows,

genetic counselling and karyotyping is warranted and may direct

further investigations. A fully informed discussion with parents

should be conducted before their consent to surgery, as severe

clefts are associated with a high risk of morbidity, including mul-

tiple hospitalizations and significant mortality.3

Diagnosis

The gold standard for diagnosis remains suspension micro-laryngo-

bronchoscopy (MLB) (Fig. 3). Maintaining spontaneous ventilation

allows for dynamic surgical assessment and limits gas insufflation

of the stomach. Important considerations include surgical access,

oxygenation, and mode of anaesthetic delivery. A thorough investi-

gation for additional laryngotracheal defects is required as the inci-

dence is high and with it comes a higher risk of mortality and

morbidity.

Numerous techniques are described for achieving optimal airway

conditions for MLB. It is common to administer an antisylogogue as

a premedication or at induction. An inhalation induction with sevo-

flurane is followed by administering topical lignocaine, 2–3 mg

kg21 to the larynx. Dexamethasone, 250 mg kg21 has a combined

effect of both antiemesis and a reduction in postoperative airway

oedema. Long-acting opioids are avoided where possible to minim-

ize effects on respiratory drive.

Surgical access and oxygen delivery

A tubeless airway is desirable for adequate assessment, so oxygen-

ation may be maintained in the spontaneously ventilating patient via

a T-piece connected to a “nasal prong” (a nasal ETT, whose tip sits

proximal to the larynx). Because of the large leak through the open

mouth, end-tidal CO2 recording may be unreliable and high gas

flows, with continuous positive end expiratory pressure is required.

Extreme vigilance, a precordial stethoscope and a hand on the chest

may be used to confirm respiration throughout the procedure.

An alternative to suspension laryngoscopy, may be rigid or flex-

ible bronchoscopy. If a rigid bronchoscope is used, ventilation with

a T-Piece attachment to the sidearm is a well-practiced technique.

Jet ventilation may be used, but is more common in adults

because of the increased risk of barotrauma, pneumothorax, and

gastric distention in small children and neonates. Potential benefits

may include a reduced incidence of coughing and gagging.

Maintenance of anaesthesia

Volatiles
A high-inspired fractional concentration of sevoflurane can be deliv-

ered via a T-piece and nasal prong to the supraglottis and larynx.

However, as this technique relies on the shared airway, it is subject to

variations in depth of anaesthesia as a result of surgical activity in the

airway. Constant, close observation of the patient and the surgeon’s

actions is essential, with rapid modification in the delivered anaesthet-

ic concentration to avoid the risk of laryngospasm or apnoea.

Propofol
Total or supplementary i.v. anaesthesia may maintain a more con-

sistent depth of anaesthesia. Propofol infusions should be carefully

Fig 3 Images depict a Grade 3 (A and B) and grade 2 (C and D) laryngeal cleft. (A) Laryngoscopy view of a cleft. (B) The same patient with the bronchoscope
passed further into the glottis to reveal a grade 3 laryngeal cleft. (C) Laryngoscopy view of different cleft. (D) Further examination, with cord spreaders show
this to be a Grade 2 cleft.
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titrated, to establish adequate anaesthesia while maintaining spon-

taneous ventilation. Rates of 250–300 mg kg21 min21 4 are

described. The depth of anaesthesia monitoring may have a role with

this technique.

Opioids
Propofol or volatile anaesthesia may be augmented by short-acting

opioids, but great care must be taken to avoid apnoeas. Remifentanil

infusion rates of 0.05–0.1 mg kg21 min21, titrated carefully to main-

tain respiration are used by some practitioners.4 Alfentanil at a rate

of 20–30 mg kg21h21 with propofol is an alternative technique that

also supports spontaneous ventilation.

Dexmedetomidine
Dexmedetomidine is a potent a-2 agonist with 8-times higher a-2

adrenoceptor affinity than clonidine. Currently it is only licenced for

use in adult patients, but it has many potential advantages and been

used successfully in the paediatric setting, including for short micro-

laryngeal procedures, usually of a diagnostic nature.5 Its lack of re-

spiratory suppression favours its use in this type of surgery in

preference to opioids.

Surgical correction

Once the diagnosis is established, a period of medical stabilization

and symptom control is desirable before definitive surgical correc-

tion. This may involve use of thickened feeds, Nissen’s fundoplica-

tion, gastrostomy, or tracheostomy. Extensive type 3 and 4 cleft will

not tolerate delays to surgical correction because of continued

pulmonary damage and infection.6

Surgical correction demands individually tailored anaesthetic

techniques depending on the surgical approach and degree of cleft:

endoscopic, open, and even robotic techniques can be used and each

brings its own anaesthetic challenges.

Endoscopic repair

Most Grade 1, 2, and increasingly Grade 3 clefts are amenable to

endoscopic surgical correction. Endoscopic repair reduces the inci-

dence of postoperative complications and requirement for tracheos-

tomy,6 with successful outcomes in 80–100%.

Factors that influence the mode of anaesthesia include: length of

the procedure, with endoscopic repair requiring 60–90 min of surgi-

cal time; potential use of a CO2 laser; the creation of airway debris;

or bleeding from the repair and consideration of perioperative anal-

gesia. The surgical technique involves mucosal excision of the

edges and apex of the cleft, using CO2-laser or more traditional

tools, and closure by endoscopic suture repair.7

Airway and oxygenation
A patient with a spontaneously breathing unintubated airway is pref-

erable but attributable to the duration of surgery, a small armoured

ETT pushed anteriorly in the larynx may be acceptable, depending

on shared space available.7

A recently published case series over more than 8 years, totalling

110 endoscopic cleft repairs (mean age: 3.6 years)4 advocated a totally

tubeless airway technique, with suspension laryngoscopy. Oxygenation

was maintained with low flow O2 (3–4 litre/min), via a jet-ventilation

needle supported in the internal lumen of the laryngoscope. Airway

rescue was required in 9.1%, in the form of a pre-prepared jet ventila-

tion system or intermittent intubation and ventilation.

Anaesthesia
Total i.v. anaesthetic techniques avoids the variations in depth of an-

aesthesia associated with prolonged volatile maintenance. Propofol

and remifentanil have been used successfully for these repairs.6

Both dexmedetomidine, loading with 1 mg kg21 followed by infu-

sion of 1–2.5 mg kg21h21,8 and intermittant ketamine boluses 0.5 mg

kg21, have been successfully used to enhance anaesthesia and anal-

gesia for these longer corrective procedures while avoiding issues

associated with opioids and respiratory depression.

Postoperative care
The larynx ideally remains unintubated during the recovery period on

intensive care unit (ICU) with support from non-invasive-ventilation,

as indicated, to prevent tracheomalacia. This avoids complications

arising from pressure and inflammation on the suture line caused by

the ETT.6

Open surgical repair

Open correction is required for Type 4 and some Type 3 clefts. Two

main approaches have been described: anterior, which risks laryngeal

instability or lateral, with a risk of recurrent laryngeal nerve damage.

Depending on the extension of the cleft, additional access may be pro-

vided through a pharyngotomy, thoracotomy, or sternotomy.

A three-layer repair, oesophageal, tracheal layer, and interpos-

ition septal graft, is designed to improve the stability and longevity

of the repair. The grafts may be taken from various sites: tibial peri-

osteum, auricular or costal cartilage, sternocleidomastoid muscle,1

temporalis fascia,7 pleural flap, or pericardium.

The largest published series of cleft repairs, advocates an anterior

trans-laryngo-tracheal approach, with gastrostomy and tracheostomy

both sited before repair.7

For severe Type 4 clefts, oxygenation via CPB or ECMO may be

required to allow adequate surgical access.9

Extracorporeal membranous oxygenation
The advantages of ECMO include: reduced anticoagulation require-

ment and thus intraoperative blood loss; a manubrial split only, obvi-

ating need for full sternotomy with pericardial invasion and also a

reduced systemic inflammatory response. EMCO may also be used

to provide postoperative tubeless respiratory support, avoiding

suture line damage from the TT.

Laryngeal clefts
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Disadvantages of ECMO include the risk of devastating intracer-

ebral haemorrhage, sepsis or emboli, and instability of the neck can-

nulae with risk of carotid ligation. An additional consideration is the

limited availability of ECMO beds.9

Cardiopulmonary bypass
In the presence of cardiac defects, where simultaneous repair is

required, CPB is the approach of choice. Further advantages

include its relative availability and familiarity of the technique in

specialist centres. It allows adequate surgical access without inter-

ference from neck cannulae. The severity of these clefts often

mean tracheomalacia is a significant postoperative complication,

an aortopexy may then be performed at the time of repair where

indicated.

Disadvantages include the invasive nature of CPB, increased

morbidity from prolonged bypass times and the creation of post-

operative myocardial dysfunction.

One-lung ventilation
A long ETT placed into the right main bronchus may provide ad-

equate ventilation and airway stability without the need for CPB or

ECMO. Disadvantages include poor oxygenation, lobar collapse and

pooling of blood or secretions in the unventilated lung.9 This may be

minimized by delivering continuous positive airway pressure to the

unventilated lung via a suction catheter. One-lung ventilation may

be advantageous where a cleft is associated with hypoplasia of

one lung.

Postoperative care
After open repair, good postoperative care is essential for the sur-

vival and stability of the graft. Complication rates are high and me-

ticulous care can reduce the incidence. Admission to the ICU is vital

during this high-risk period. The prevention of coughing and thus

graft movement with a prolonged period (1–8 days) of naso-tracheal

intubation is required to splint the graft. A tracheostomy should be

considered if more prolonged periods of intubation are predicted,

and is usually unavoidable in Grade 4 clefts because of significant

tracheomalacia.

Anti-reflux management should continue to prevent on-going

damage. A postoperative Nissen’s fundoplication may be considered

if not already performed. Total parenteral nutrition with NG or naso-

jejunal feeding is commonplace.

Robotic repair

The trend towards minimally invasive surgery has evolved endo-

scopic techniques to include robotic-assisted procedures. Its use in

airway surgery remains relatively sporadic and experimental.

However, the advantages of greater depth perception with three

dimensional-imagery, finer manual dexterity and tremor modulation

offers exciting prospects for the future.10

Complications and prognosis

Complications and mortality rates remain significant despite dramatic

reductions in the last 30 years. Surgical complications include: surgical

emphysema; mediastinitis; suture line dehiscence; recurrent laryngeal

nerve damage; oesophageal stricture; laryngo/tracheomalacia; and

feeding difficulties with pharyngo-oesophageal dysfunction. Revision

rates are between 11.2 and 50% and are more likely in patients with

an associated tracheo-oesophageal fistula or ongoing reflux.7

Overall mortality rates vary between 6 and 25% (46% in 1983)

with the major contributing factor being delayed diagnosis. Early

diagnosis, good surgical repair, adequate anti-reflux measures and

meticulous postoperative intensive care have reduced mortality rates

in some case series to 6–7%.7

Grade 4 clefts still have an overall mortality of up to 50% (93%

in 1985), with associated long-term tracheostomy and repeated

hospitalizations.9

Conclusion

The incidence of laryngeal clefts appears to be increasing and they

are often associated with multi-system organ defects. Significant

challenges are presented to the anaesthetist at every stage of their

management and mitigated to some extent by an awareness of the

anatomy and surgical requirements Type 1 and 2 clefts may be con-

sidered distinct from Grades 3 and 4 in terms of severity, presenta-

tion, surgical management, and prognosis. Potential anaesthetic

techniques are varied and need to be tailored to the surgical ap-

proach and severity of the cleft. Early diagnosis and meticulous

postoperative care are essential for positive outcomes.

Advances in both surgical and anaesthetic techniques should

continue to improve prognosis and reduce morbidity and mortality

rates, which remain significant.
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