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Abstract

Objectives: The present study analyzed surgical outcomes of laryngotracheal separa-

tion (LTS) in children with neurological disorders. The purpose of this study was to

investigate respiratory impairment and severe complications after LTS in children,

and identify the possibility of permanent tracheostomy without a tracheostomy tube

as the safest respiratory management method.

Methods: Twenty-eight patients (male:female = 16:12) with neurological disorders

(6 months to 32 years) who underwent LTS between January 2012 and April 2018

were reviewed. Tracheal diameter, Cobb angle, and sternocervical spine distance

(SCD) were measured to assess the potential risk and possibility of removing trache-

ostomy tube management.

Results: Tracheostomy tube could be removed shortly after LTS in 57% (16/28).

However, nine of these patients developed respiratory problems that required tra-

cheostomy tube placement 2 years after LTS. New requirements for a tracheostomy

tube as a stent were strongly correlated with SCD (P < .05, odds ratio > 1) as well as

tracheal deformity.

Conclusions: Respiratory management in neurologically impaired children after LTS

without a tracheostomy tube is challenging because thoracic deformity during physi-

cal growth affects tracheal disfiguration. Thoracic deformities and progression of sco-

liosis should be considered in respiratory management approaches in children with

neurological disorders, and long-term follow-up by computed tomography is

necessary.
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1 | INTRODUCTION

Laryngotracheal separation (LTS) is the most effective surgical proce-

dure when other conservative treatments such as medications and

posture control are ineffective for the prevention of recurrent aspira-

tion pneumonia. The advantages of LTS for caregivers include a

reduced need for suctioning of saliva at home1 and the possibility of

managing respiration without placing a tracheostomy tube. However,

several complications have been reported in children, of which one

major complication is the formation of a trachea-innominate artery fis-

tula (TIF), an uncommon but life-threatening condition caused by

long-term tracheostomies with an incidence of 0.1% to 1%.2-4 Chil-

dren with neurological disorders often have thoracic deformities with

severe scoliosis. As a result, the innominate artery may be compressed

against the trachea, which gradually increases the risk of TIF bleed-

ing.5 If the tracheostomy tube does not fit properly, it can damage the

tracheal mucosa and cause inflamed granulation and ulcers.6,7 For this

reason, one of the best ways to prevent the formation of a TIF is to

manage breathing without a tracheostomy tube. In most adults' cases,

an LTS allows for the management of respiratory problems without a

tracheostomy tube8; however, there are only a few reports in children

cases.5,9 The reason is that children with neurological disorders

develop respiratory problems, requiring the replacement of a trache-

ostomy tube due to the development of central apnea or lower airway

obstruction associated with scoliosis.9 Lee et al reported that chest

wall deformities and scoliosis may increase the risk of TIF develop-

ment secondary to the association of the typical tracheostomy tube

angle with the atypical anatomic position of the trachea.10 Sato et al

investigated the chest computed tomography (CT) images of patients

who underwent LTS and had bleeding due to a TIF, and found that a

sternocervical spine distance (SCD) of <2 cm is predictive of TIF

development.5

The long-term prognosis and short-term outcomes of LTS may

differ between adults and children because children are in the process

of physical development. Despite the low risk of aspiration pneumo-

nia after LTS, scoliosis and chest deformities result in the need for

continuous respiratory management in some children. It is important

to identify the advantages and disadvantages of LTS in children with

neurological disorders for proper respiratory management in this pop-

ulation. Therefore, in this study, we aimed to investigate the long-

term prognosis of respiratory management in children with neurologi-

cal disorders who underwent LTS at our institution.

2 | MATERIALS AND METHODS

We conducted a retrospective review of the medical records of

29 children with refractory aspiration pneumonia who underwent LTS

surgery at our hospital between January 2012 and April 2018. The

LTS procedure followed was the tracheal flap method that does not

involve transection of the trachea—it achieves separation of the larynx

from the trachea by using the tracheal, mucoperichondrial, and

sternohyoid muscles, together with anterior cervical skin flaps.11 All

patients were followed up for at least 2 years. One patient was lost to

follow-up and was excluded; consequently, 28 children were included

in this study.

We evaluated the clinical features of these patients, including

their clinical history, complications, and respiratory condition. To eval-

uate the severity of scoliosis, the median value of the Cobb angle was

calculated from radiographs (Figure 1A), and the lateral and vertical

diameters of the trachea were measured on axial images of chest CT

scans. Scoliosis is defined as a Cobb angle of >10�, whereas moderate

to severe scoliosis are defined as an angle of >25�. The SCD, defined

as the distance between the posterior surface of the sternum and the

anterior surface of the cervical spine, was measured on the sagittal

image of a perioperative chest CT scan (Figure 1B). An SCD of

<20 mm is defined as short and is considered a risk factor for innomi-

nate artery decompression.12 Tracheal deformity (TD) is defined as

the vertical diameter of the trachea being <60% of the lateral diame-

ter (Figure 1C).

This study was conducted according to the Declaration of Hel-

sinki and approved by the Ethics Committee of the National Center

for Child Health and Development (NCCHD2020-523). Informed con-

sent was obtained from all patients who participated in the study.

3 | RESULTS

3.1 | Description

Patient demographics and underlying conditions are summarized in

Table 1. Twenty-eight patients (male:female = 16:12) aged 0 to

32 years (median, 7 years) had undergone LTS. Four patients pres-

ented with airway anomalies, including craniofacial anomalies (cases

#14 and 18), agnathia (case #2), and multiple anomalies (case #1).

These patients had moderate to severe neurological problems and

several gastrointestinal system anomalies, which led to feeding diffi-

culties and recurrent infections. The remaining 24 patients had severe

motor and intellectual disabilities due to fatal asphyxia, fetal infection,

and chromosomal aberration. Seventeen of the 28 patients had an

existing tracheostomy and 5 patients were mechanical ventilator

dependent before LTS surgery. Nissen fundoplication was performed

before LTS in 16 of the 28 patients (57%). All cases were failed to

control recurrent aspiration pneumonia with conservative treatment

therefore required LTS. For all cases, aspiration pneumonia was suc-

cessfully managed after LTS, and the chance of hospitalization was

decreased.

3.2 | Tracheostomy tube removal and mechanical
ventilation

Two of five patients who required mechanical ventilation supports

prior to LTS were succeeded in avoiding ventilation postoperatively.

Ten patients (35.7%) developed hypoventilation and hypoxemia,

eventually requiring mechanical ventilation (Table 2). Of these
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10 patients, 4 required positive-pressure ventilation exclusively during

sleep, and the remaining 6 required continuous mechanical ventila-

tion. Five of 17 patients who had existing tracheostomy could remove

tracheostomy tube post operatively. Overall, 16 of the 28 patients

(57.1%) achieved permanent tracheostomy management without a

tracheostomy tube immediately after LTS surgery. However, due to

developing hypoxia and respiratory distress over the course of

>2 years, 14 of the 28 cases (50%) required mechanical ventilation,

and another 6 cases (21.4%) required a tracheostomy tube as a stent,

whereas 1 case with tracheomalacia could subsequently avoid both

mechanical ventilation and a tracheostomy tube. Therefore, the man-

agement of a permanent tracheostomy without a tracheostomy tube

was possible in seven cases (25%). Some of these patients required a

tracheostomy tube with an inflated cuff for positive-pressure

ventilation.

3.3 | Complications of LTS

Severe complications, such as a TIF, occurred in four cases (14.2%).

One patient developed emergent tracheal bleeding due to a TIF,

10 days after surgery, because the tracheostomy tube did not fit the

shape of the trachea; this patient required emergency innominate

artery ligation. Two other patients have remained tracheostomy tube-

free for 5 and 6 years postoperatively. However, due to respiratory

problems, they required placement of a tracheostomy tube for

mechanical ventilation, and developed TIFs that required innominate

artery ligation 6 months later. Another patient that was managed with

a tracheostomy presented with tracheal bleeding before LTS;

therefore, prophylactic innominate artery ligation and LTS were per-

formed simultaneously. Granulation tissue developed in three cases—

the trachea was deformed due to scoliosis, leading to the tracheos-

tomy tube scratching the mucosa of the tracheal wall and forming

granulation. No patients developed stoma stenosis required

tracheostomy tube.

3.4 | Evaluation of scoliosis and tracheal
compression

Scoliosis was identified in 12 of the 28 patients (42.9%), of which

7 (58.3%) were moderate or severe. The SCD measured 8.5 to

36.4 mm (average 25.3 mm); in three patients, it measured <20 mm.

Lateral and vertical tracheal diameters measured 7.4 to 20.6 mm

(average 12.4 mm) and 5.6 to 15.9 mm (average 9.4 mm), respectively.

On comparing lateral and vertical tracheal diameters, the trachea col-

lapsed in the anterior-posterior direction in 11 of the

28 cases (39.3%).

Following >2 years of observation, 12 (42.9%) and 20 (71.4%) of

the 28 patients underwent a chest CT and chest X-ray, respectively.

The chest radiograph revealed advanced scoliosis in 15 of the 20 cases

(75%) (Figure 2A), with 9 (60%) of these classified as moderate or

severe. Therefore, 13 of the 28 patients (46.4%) had moderate to

severe scoliosis 2 years after the LTS procedure. The SCD was

reduced to <2 cm in 7 of 12 cases, meaning that an SCD <2 cm was

found in a total of 8 of the 28 cases (28.6%) (Figure 2B). The trachea

displayed progressed deformation in 7 of 12 cases (58.3%), and a total

of 14 of the 28 patients (50%) showed TD.

F IGURE 1 Assessment of
computed tomography (CT) and
chest X-ray image; A, Cobb angle:
Cobb angle was measured at the
image of chest X-ray; B, SCD:
Sternocervical spine distance was
measured between the posterior
surface of the sternum and anterior
surface of the cervical spine at

sagittal image of cervical CT scan. C,
Tracheal deformity: Trachea was
strongly decompressed by
juxtaposed innominate artery.
Arrow: innominate artery was
juxtaposed to tracheal wall
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3.5 | Clinical symptoms of airway compression

Correlations and odds ratios (ORs) among the Cobb angle, SCD, TD, and

respiratory condition and complications are shown in Table 3. A newly

required tracheostomy tube was strongly correlated with the SCD and

TD (Fisher's exact test, OR > 1, P < .05). The requirement for mechanical

ventilation was not correlated with anatomical tracheal deformities.

Statistical analyses revealed an association between tracheal com-

pression and the SCD (P < .001), but not between TD and the Cobb angle

(P = .46). In patientswith scoliosis, the tracheawas decompressed because

themediastinumwas deformed and narrowed due to the scoliosis.

4 | DISCUSSION

Chronic aspiration is a serious problem in many children with neuro-

logical disorders. They suffer repeated episodes of aspiration

pneumonia, which induces pulmonary fibrosis and bronchiectasis as a

result of frequent infections. Upon failure of conservative treatment

methods—such as swallowing rehabilitation, placement of a feeding

tube, head position adjustment, and medication—surgical treatment

including tracheostomy or LTS should be considered. Tracheostomy is

a simple procedure, although it requires frequent suction for neuro-

logically impaired patients, and using a tracheostomy tube with an

inflated cuff leads to laryngeal desensitization of the cough reflex. An

LTS can reduce the need for tracheal suctioning and aspiration,

decrease the number of hospitalizations for aspiration

pneumonia,13-16 and improve respiratory status, sometimes without

the need for tracheostomy tubes. In our study, an LTS facilitated the

respiratory management for all the patients, which led to a decreased

need for hospitalization due to pneumonia. However, some patients

are more prone to major complications, such as development of a TIF,

than others. Chida et al reported that 6 of 15 children who had under-

gone LTS required therapeutic intervention for a TIF,13 whereas

TABLE 1 Description of 28 cases

Diagnosis

Age at LTS

(years) Sex

Previous

tracheostomy Epilepsy

Previous Nissen

fundoplication Feeding

1 Multiple anomaly 0 M Yes No Yes G-tube

2 Agnathia 0 F Yes No Yes G-tube

3 Chromosome aberration 1 M Yes Yes No NG-tube

4 Fetal asphyxia 1 M No Yes No NG-tube

5 CFC syndrome 1 F Yes Yes No NG-tube

6 Intracranial bleed 2 M No Yes Yes G-tube

7 Robin sequence 2 M Yes Yes Yes G-tube

8 Lissencephaly 3 F No Yes Yes G-tube

9 Freeman-Sheldon

syndrome

3 M Yes Yes Yes G-tube

10 Niemann-Pick disease 3 M No Yes No NG-tube

11 Chromosome aberration 3 M Yes No No NG-tube

12 WEST syndrome 4 F No Yes No NG-tube

13 WEST syndrome 4 F Yes Yes No NG-tube

14 Pfeiffer syndrome 5 F Yes No No NG-tube

15 Fetal asphyxia 5 M No Yes Yes G-tube

16 Congenital CMV 6 M Yes Yes Yes G-tube

17 Chromosome aberration 6 F Yes Yes No NG-tube

18 Pfeiffer syndrome 7 M Yes No Yes G-tube

19 Post meningitis 8 M Yes Yes Yes G-tube

20 Fetal asphyxia 8 M No Yes Yes G-tube

21 Fetal asphyxia 9 F No Yes Yes G-tube

22 Fetal asphyxia 11 F Yes Yes Yes G-tube

23 Fetal asphyxia 12 M Yes Yes No NG-tube

24 Dystrophy 13 F No No Yes G-tube

25 SSPE 14 M No Yes No G-tube

26 Fetal asphyxia 19 F No No No NG-tube

27 Encepharitis 21 M Yes Yes Yes G-tube

28 Fetal asphyxia 32 F Yes Yes Yes G-tube

Abbreviations: CFC, cardiofaciocutaneous; CMV, cytomegalovirus; F, female; G-tube, gastrostomy tube feeding; M, male; NG-tube, nasopharyngeal tube

feeding; SSPE, subacute sclerosingpanencephalitis.
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Takano et al reported that 2 of 40 patients who had undergone LTS

or tracheostomy were associated with TIF.15 In our study, four

patients had a TIF. Chest wall deformities and scoliosis increase the

risk of TIF development, secondary to the association of the typical

tracheostomy tube angle,10,17 low tracheostomy, overinflated cuffs,18

narrow thoracic cage, and scoliosis due to an imbalance between mus-

cular strength and gravitational effects.5,17-20 Patients with scoliosis

or a thorax deformity might always sustained the pressure on the tra-

cheal wall, leading to inflammation and granulation.18,21 Pathological

findings show that a TIF is surrounded by epithelialized granulation

and squamous metaplasia caused by chronic and repetitive irritation,

which indicates the loss of tracheal cartilage and the arterial wall.7

Therefore, to decrease the risk of TIF development, a tracheostomy

tube that fits the tracheal shape properly should be selected to pre-

vent granulation. However, it is sometimes difficult to conform an

ordinary tracheostomy tube to a TD in neurologically impaired chil-

dren. Sato et al revealed that the average age of onset of bleeding

due to a TIF is 10.3 years (range, 4-16 years),5 which coincides with

the time when a thoracic deformity becomes apparent. Patients

should also be recommended LTS to allow them the possibility of

avoiding a tracheostomy tube.22

In our study, the tracheostomy tube could be removed shortly

after LTS in 16 of the 28 patients; however, 9 of these patients devel-

oped respiratory problems that required tracheostomy tube place-

ment 2 years after LTS. Several authors have reported that, in adults,

LTS enabled removal of a tracheostomy tube in all patients.22,23 In

contrast, only 2 of 24 children achieved tracheostomy tube-free

status,9 because progressive respiratory conditions in children require

ventilator management due to the weakening of the tracheal cartilage

framework, central apnea, and deformation of the stoma.24 Compared

with adults, children with neurological disorders are much more likely

to develop compression of the main stem of the bronchus against the

vertebra and mediastinal structures due to scoliosis. Li et al found that

obstructive respiratory dysfunction associated with neurological dis-

orders is caused by a narrow trachea and bronchus, which reduces

expiratory flow and increases airway resistance.24,25 In our study,

deterioration of respiratory problems requiring a tracheostomy tube

was correlated with the SCD and TD, although the need for mechani-

cal ventilation was not correlated with the SCD or TD. Respiratory

symptoms are aggravated by TD due to twisting and deformation of

the rib cage, requiring respiratory management with a tracheostomy

tube. One hypothesis is that a decrease in end-expiratory pressure

without tracheostomy tube management may lead to alveolar col-

lapse, inhibiting expansion of the chest, which may result in a respira-

tory disorder.

To prevent TIF development, avoiding a tracheostomy tube is

one of the best choices for keeping the tracheal wall free from

stress.8,23 Conversely, the development of disfiguration of the chest

wall and trachea may require respiratory management with a trache-

ostomy tube, which, in turn, may lead to frequent local infection of

the tracheal wall, resulting in a TIF. Multiple factors may lead to the

development of respiratory distress in children with neurological

problems, including low end-expiratory pressure, scoliosis,T
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nonambulatory activity level, and neurological disturbances. There-

fore, respiratory management without a tracheostomy tube is chal-

lenging because thoracic deformity during physical growth affects

tracheal disfiguration. A shorter SCD and TD in the anterior-posterior

direction should be considered high risk factors for respiratory prob-

lems. Consequently, respiratory management with a tracheostomy

tube will be safe, as long as the SCD is >2 cm, and the lateral and ver-

tical tracheal diameters at the level of the thoracic inlet are approxi-

mately equal. However, if the SCD is <2 cm, and the tracheal cross-

section appears to be collapsed in the anterior-posterior direction,

prophylactic innominate arterial transection should be considered.

5 | CONCLUSIONS

Despite the lower risk of aspiration pneumonia after LTS in neurologi-

cally impaired children, obstructive respiratory distress requires a tra-

cheostomy tube as a stent, which is associated with TD and thoracic

disfiguration. In adults, tracheostomy without a tracheostomy tube is

recommended as the safest and most effective method, although it is

challenging in children due to progressive respiratory distress. There-

fore, respiratory management should be considered in cases of tho-

racic deformity and progression of scoliosis in children with

neurological disorders. Under long-term observation, the respiratory
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F IGURE 2 Cobb angle and sterno-cervical spine distance after laryngo-tracheal separation. A, Cobb angle increased 2 to 7 years after LTS.
Cobb angle >25� indicates moderate to severe scoliosis (n = 20). B, SCD decreased 2 to 7 years after LTS. SCD <20 mm was reported highly
predictive of TIF (n = 11). LTS, laryngotracheal separation; SCD, sternocervical spine distance; TIF, trachea-innominate fistula

TABLE 3 Correlation between chest deformity and intervention

Cobb angle >25� (13) SCD <20 mm (8) Tracheal decompression (13)

P-value OR (95% CI) P-value OR (95% CI) P-value OR (95% CI)

Tracheostomy tube required (20) 1.000 0.818 (0.170-3.934) .063 NA .678 2.037 (0.407-10.004)

Newly required (9) .637 2.000 (0.305-13.114) <.05a 133.000 (9.252-1968.920) <.05a 13.333 (1.294-120.412)

Mechanical ventilation (14) 1.000 0.750 (0.175-3.218) .209 4.500 (0.790-24.432) .706 1.778 (0.411-7.686)

During night (5) 1.000 0.727 (0.121-4.479) .606 1.889 (0.302-12.406) .639 1.950 (0.316-11.743)

All day (13) .686 0.600 (0.123-3.000) .172 4.000 (0.744-22.041) 1.000 1.222 (0.254-5.898)

Newly required (10) 1.000 1.000 (0.207-4.840) .085 6.000 (0.948-36.578) .689 1.333 (0.274-6.508)

Severe complications (6) .670 1.788 (0.344-9.089) .142 5.667 (0.978-33.489) .198 4.063 (0.700-22.571)

Notes: Nine cases developed respiratory distress and required management with a tracheostomy tube. These symptoms were strongly correlated with

chest deformity (SCD < 20 mm) and tracheal deformity, which revealed progressively narrowed trachea causes obstructive respiratory problems required

tracheostomy tube as stent. Numbers in parentheses indicate number of patients.

Abbreviations: SCD, sternocervical spine distance; OR, odds ratio; CI, confidence interval.
aIndicates statistical significance is <.05.
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management of neurologically impaired children requires consider-

ation of the potential for complications—long-term follow-up with CT

is necessary.
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