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Abstract

Purpose: Treatment strategies and clinical outcomes of subglottic stenosis (SGS) in children are
varied due to the degree and range of stenotic lesions. The optimal surgical procedure for SGS in
children is still under debate. The aim of this study was to evaluate the clinical outcomes of our
anterior-posterior cricoid (APC) split technique combined with long-term T-tube stenting for grade 11
or III SGS in children.

Methods: A retrospective chart review of children with SGS between January 2011 and December
2016 was conducted. APC split was performed via open procedure under rigid bronchoscopy. After
splitting, a silastic T-tube was inserted as a stent and removed six months postoperatively.

Results: Seven children underwent APC split during the period. All children had undergone previous
tracheostomy, and APC split was performed when the children were 3-9 years old without any
intraoperative complications. Median duration of T-tube stenting was 11 months, and all children
were decannulated successfully. There were T-tube-related complications, including two tube-tip
granulation that required intervention and one accidental T-tube removal.

Conclusion: APC split is a technically simple and reproducible procedure, and it could be employed
as an optimal procedure for SGS in children.
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Introduction

The surgical management of subglottic stenosis (SGS) is still challenging for pediatric surgeons and
otolaryngologists. The goals of management are decannulation and normal physiologic breathing.
Although there have been various procedures including anterior cricoid split (ACS) [1], laryngotracheal
reconstruction (LTR) using cartilage graft [2], laser ablation, and balloon dilatations, the best treatment
option for SGS in children remains controversial because of the insufficient decannulation rate after a
definitive procedure.

Thus far, we have tried to find the best treatment option for congenital and/or acquired SGS [3,4]. As we
previously reported the efficacy and feasibility of long-term T-tube stenting for severe acquired SGS [5],
we considered that postoperative long-term T-tube stenting has the potential to be best treatment choice
for grade II or III SGS in children. Our procedure was named simple anterior-posterior cricoid (APC)
split.

The aim of our study was to describe our technique and to clarify the clinical outcome of APC split and
long-term T-tube stenting for grade II or III SGS in children.

Methods

A retrospective chart review of children, who underwent laryngeal operation for SGS between January
2011 and December 2016, was performed. The information collected included children demographics,
severity of stenosis, operative details, complications, hospital stay at surgery, duration of stenting, and the
final outcomes. The SGS was graded according to the Myer-Cotton Grading System [6] by rigid
bronchoscopy (HOPKINS telescope; Karl Storz, Tuttlingen, Germany). Among these children, we
selected those with grade II and III as candidates of our procedure and excluded those with other airway
anomalies, including tracheomalacia, congenital tracheal stenosis, and laryngomalacia. All operations
were performed by a single surgeon with the informed consent of their parents.

APC split was performed as described by Cotton and Seid [1] with some modifications (Figure la-c).
The procedure was performed under direct and bronchoscopic vision with the child positioned on a
shoulder roll. Airway control was maintained with a tracheostomy tube. A horizontal skin incision was
made over the cricoid to expose the anterior surface of the larynx and upper trachea. The extent of the
stenotic segment and the midline of the airway were determined by intraoperative bronchoscopic
observation of a 26-gauge fine needle tip inserted into the airway. After defining the length of the stenotic
segment, the midline incision was performed anteriorly in the larynx extending from the upper two
tracheal rings to the lower portion of the thyroid cartilage, generally stopping just below the vocal cords.
The posterior cricoid plate was divided similar to the midline, exposing the median raphe of the
cricopharyngeus and the esophageal constrictors to enlarge the subglottic lumen.

After splitting, a silastic T-tube (KOKEN, Tokyo, Japan) with 8 or 9-mm diameter was placed as a
postoperative stent. The top of the T-tube was positioned beyond the vocal cords to prevent vocal cord
granulation. The limb of the tube was extended externally from the anterior neck (Figure 1d), through the
tracheostomy site, enabling the insertion of a suction tube and allowing the performance of inspiration
therapy if necessary.

In the postoperative care, neither continuous intravenous sedation nor ventilator support was required.
Children were permitted daily activities and usual oral intake.

The T-tube was removed endoscopically from sixth to twelfth months after its placement and
simultaneously endoscopic evaluations of the airway were performed. The children had no stenting at the
subglottic area, and the inserted tracheostomy tube was gradually changed to a small sized tracheostomy
tube for several days, and finally extubated.

Results

The demographic information of the children who underwent APCS and T-tube stenting is summarized in
Table 1. Seven children were included; four of whom were male. The median age at surgery was 81
months (range, 45-114 months). Four children were premature and extremely low birth weight infants;
three were mature, of whom two had congenital SGS and one had acquired stenosis due to tracheal
intubation for pulmonary injury because of a traffic accident. One child was initially diagnosed with



esophageal atresia (Gross type C), and intubation of an adequate size of tracheal tube through the cricoid
plate during a definitive operation for the esophagus at the first day of life failed. Tracheostomy was
performed on the 12th day.

Moreover, one child had grade II stenosis, and six had grade III stenosis during the APC split. All
children had preoperative tracheostomy at the time of diagnosis, and none of them had been previously
treated with other airway surgeries.

The average operative time was 130 minutes (range, 92-173 minutes), and average blood loss was 9.4 g
(range, 2-28 g). There was no intraoperative complication, and none of the children required blood
transfusion. The children were transferred to the intensive care unit or high care unit postoperatively
without intravenous sedation. Postoperative outcomes are shown in Table 2. All children started oral
intake on postoperative day 1, with coughing during meals induced by aspiration due to the T-tube
stenting, which gradually improved later; none had pneumonia. One child had wound bleeding that
required hemostasis on postoperative day 2. Median duration of T-tube stenting was 11 months (range, 5-
13 months) and all children were decannulated successfully. We encountered T-tube-related
complications, including tube-tip granulation that required intervention and accidental T-tube removal.
Three children had tube-tip granulations at the supraglottic area, two of whom were managed by laser
ablations. The accidental removal of the T-tube occurred in one female child 5 months postoperatively
while she was playing with her sister at home. The child was immediately brought to the hospital and a T-
tube of the same size was inserted to the tracheostomy site under general anesthesia and stability was
checked using a bronchoscopy.

The median follow-up period after APC split was 18 months (range, 8-72 months). Outcomes were
assessed on the basis of symptomatic improvement, airway assessment, and tracheostomy decannulation.
None of the children demonstrated signs of dyspnea. On the six months after surgery, all bronchoscopic
evaluations showed grade I stenosis.

Discussion

We present the first study on the efficacy of combined therapy of the anterior-posterior cricoid split and
long-term T-tube stenting (APC split). The present study demonstrated 100% decannulation rate of ACS
with T-tube stenting in children with grade II or III acquired SGS. All children had no severe restenosis
after the procedure, which was estimated as grade I stenosis. Oral intake was started from postoperative
day 1, and the children had no blood transfusion and postoperative pneumonitis. One child had
continuous bleeding from the wound site postoperatively and was treated by hemostasis.

Compared with the historical data, our procedure revealed a high decannulation rate [9]. This high
success rate of overall decannulation in these children can be explained by several advantages. Firstly, we
limited the indication of the procedure for grades II-111. Secondly, as our procedure is more simple touch
to the lesion and less invasive than LTR using cartilage graft, excess granulation and/or inflammation
might occur at the subglottis area after the operation. Lastly, a long-term stent using a silastic T-tube
might produce a rigid framework at the split site and enlarge the subglottic lumen.

In the past, we selected the LTR using a costal cartilage graft for pediatric SGS. Our clinical impression
was that LTR might not be reproducible and was technically complex to perform. In spite of the effort to
precisely perform the procedure, deviation of the graft might occur, and the procedure sometimes might
induce distorted shapes of the subglottic lumen after the operation, leading to re-stenosis. Although it has
been considered that the cartilage grafting promotes earlier healing of the lesion, LTR using cartilage
graft does not always result in a high decannulation rate.

Our previous report [5] described that T-tube stenting had the tendency to create a completely round-
shaped lumen. A T-tube is made of soft silastic material that offers moderate intraluminal support against
collapse. Moreover, the quality of life of the patients during stenting could be maintained because home
care is easy and their respiratory status is good because of airway patency. Therefore, we decided to adapt
the APC split and used the T-tube as a postoperative stent, and to keep and stabilize the enlarged
subglottic lumen by long-term stenting for grade II and IIT SGS in children.

Recently, balloon dilatation is preferred to manage SGS as the minimally invasive treatment [13,14].
However, the mode of destruction cannot be anticipated by this procedure, despite of the formation of
cutting edge. It is supported by the result from balloon dilatation for congenital tracheal stenosis due to
complete tracheal ring [7,8]. Additionally, the damage in another site, including the vocal cords, is
concerning. Therefore, we thought that open surgery including APC split has better results compared to
balloon dilatation.



The complications of the T-tube stenting were postoperative aspiration, granulation at the top of the T-
tube that required laser ablation, and unplanned decannulation of the T-tube that required reinsertion. We
found that aspiration improved gradually in the children because they got used to swallowing their meals.
However, it is necessary that the T-tube is not too long to allow normal swallowing. In terms of
granulation and inflammation, children were administered budesonide 2-4 times per day via inhalation for
postoperative management, according to a previous report [11,12], which was effective. The unplanned
decannulation occurred in the children’s daily activities. It is necessary for parents or caregivers to always
ensure that the T-tube is untouched and must not be hooked carefully.

The appropriate length of the stenting period using T-tube is still unknown. The stents were removed in
the children after six months postoperatively, but we supposed that it might be shortened.

Our study was subject to several limitations. First, this was a retrospective case series study with a small
sample size. Second, biases could have been caused by the diagnostic decision and surgical judgment
during this study period. Accordingly, large, prospective, and multicenter studies are needed to validate
our findings in the future. Despite these limitations, we believe that our technique is simple and
reproducible, and could be one of the best options for grade II or IIT SGS in children.

Conclusion

We report high rates of decannulation for congenital and acquired SGS in children using APC split and

long-term T-tube stenting. APC split with T-tube stenting is a simple and reproducible procedure, and it
could be one of the optimal procedures for SGS in children. Further research is needed to better identify
the characteristics of the ideal candidates for APC split with T-tube stenting.
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Figure Legends

Fig. 1APC split procedure: (a) the anterior midline incision; (b)the posterior cricoid plate is divided
vertically in the midline; (c) stenting the subglottic lesion using silastic T-tube; and (d) overview of the
larynx after surgery

Fig. 2 Endoscopic results of APC split for grade III subglottic stenosis in case 4. (a) Preoperative view:
the grade III subglottic stenosis. (b) Postoperative view at 4 months after removal of stent: large, round-
shaped subglottic lumen





















Table 1 Patient characteristics

Cas Se Severity of  Birth Congenita Anomaly Preoperative Age at Size of Bloo Operation
e X stenosis weight 1 tracheostomy  surgery  T-tube dloss time
(month) (mm) (g) (min)

1 M Grade III 3740 Yes Esophageal Yes 66 8 2 138
atresia

2 M Grade III 592 No None Yes 94 8 3 92

3 M  Grade Il 550 No None Yes 88 8 9 138

4 F  Grade Il 440 No None Yes 72 8 0 124

5 F  GradeIII 518 No None Yes 81 8 6 108

6 M Grade III 2780 Yes None Yes 45 8 8 173

7 F Grade 111 3280 No None Yes 114 9 28 140




Table 2 Postoperative outcomes

Case Postoperative Hospital stay Duration  Successful Respiratory

complication at surgery of decannulation distress
(day) stenting after removal
(month) of stent

1 Oozing 15 13 Yes None
from wound

2 N 15 11 Yes None

3 N 26 7 Yes None

4 N 26 12 Yes None

5 N 10 11 Yes None

6 N 16 13 Yes None

7 N 24 5 Yes None






