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Introduction
Since described by Chevalier Jackson on the eve 
of the last century [1], the surgical technique of 
tracheostomy has not witnessed a major change for 
about ten decades. However, there has been a paradigm 
shift in the indication for the pediatric tracheostomy 
from relieving upper airway obstruction to enhancing 
safety of prolonged ventilatory support planned for 
many premature neonates and chronically ill infants 
and children [2,3]. This is obviously attributed to the 
declining frequency of serious upper respiratory tract 
infections, with development, standardization, and 
popularization of the vaccination programs against 
Haemophilus influenzae and Corynebacterium diphtheriae 
together with increased efficacy of antibiotic therapy 
and safety of endotracheal intubation. Meanwhile, the 
evolution in pediatric intensive care unit (ICU) care 
effectively improved the survival of low and extremely low 
birth weight premature infants, full-term infants born 
with congenital anomalies, and neurologically impaired 
infants [4,5]. For many patients who require mechanical 
ventilation for extended periods, tracheostomy is 
needed to reduce the incidence of subglottic and 
tracheal stenosis associated with prolonged intubation, 
to facilitate bronchial hygiene, to minimize the need for 
sedation and systemic corticosteroid exposure, and to 
allow relatively safe attempts of oral feeding or weaning 
from ventilation assistance [6,7]. Infants with congenital 
anomalies of head and neck regions would also need 
tracheostomy with or without minimal respiratory 
support. Noticeably, recent change in indication for 
pediatric tracheostomy included patients who tend to 
be tracheostomized for longer periods of time or even 
not to be decannulated at all [2].

Complications of tracheostomy include early and 
late complications [8]. Early complications may 
be intraoperative hemorrhage or injury to critical 
anatomic structures, the most important of which is 

pleural domes damage leading to pneumothorax or 
pneumomediastinum [3]. Early postoperative period 
may also witness serious events including accidental 
dislodgement, blockage of the tracheostomy tube, or 
peristomal infection and granulations [4,9]. Interstitial 
air leakage still can occur even with no pleural trauma 
because of the design of the tracheostomy techniques 
that allow direct access of air from the tracheal fenestrae 
to the facial planes confluent with parietal pleura, leading 
to pneumothorax or subcutaneous emphysema with 
positive pressure ventilation [4,10,11]. Late drawbacks 
of tracheostomy (after 7 days) may be tracheal stenosis, 
suprastomal collapse, or persistent tracheocutaneous 
fistula (TCF) after decannulation. It seems that pediatric 
population in recent tracheostomy settings may be more 
liable to certain complications. Small calibers of pediatric 
tracheostomy cannulas are associated with higher risk 
for obstruction, and more suction maneuvers are usually 
needed. Accidental displacement of tracheostomy 
cannula from a fresh track may be life threatening in 
an infant in clinical environments where caregivers 
lack the expertise to deal with such situation. With 
poor illumination, improper positioning, narrow, deep 
surgical field, and loss of anatomic differentiations in a 
fresh wound, replacement of the tube is difficult with a 
risk of passing it into a false track [4,9].

Many surgeons introduced different technical 
modifications to reduce mortality because of the most 
concerned complication of tracheostomy, accidental 
decannulation, in a child in an ICU unit. Anchoring 
the tracheal wall, on both sides of vertical tracheal 
incision, to the cervical skin with two silk stay sutures 
is the most commonly advocated technique to keep 
the tracheal incision readily open and to facilitate 
emergency replacement of the tube [12]. The same can 
be carried out with inferiorly based flap of the tracheal 
wall, with an advantage of better control of reinsertion 
of the tube in the right track [13–15]. A wide access for 
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notch, and infiltrated with 1 ml of 1% lidocaine with 
1 : 100 000 epinephrine solution. The length of the X 
arms can be increased for patients more than 1 year 
old. The incision is made through the skin and the 
subcutaneous tissue (Fig. 1).

Triangular skin flaps
Triangular skin flaps are raised with further undermining 
of the skin for about 1 cm beyond the incision. The 
flaps are then reflected and the subcutaneous fat is 
removed carefully using cold methods (Fig. 2).

Strap muscles
The strap muscles are incised in the midline and 
retracted laterally, the thyroid isthmus is incised and 
ligated if encountered, and the trachea is exposed. The 
tracheal fascia is dissected from the tracheal wall.

Plus (+) shaped incision
On the anterior tracheal wall, plus (+) shaped incision 
is made with the center opposing and the limbs nearly 
equal to that of the skin X incision lines (Fig. 3).

The skin flaps are intercalated into the tracheal wall flaps
The skin flaps are intercalated into the tracheal wall 
flaps using half mattress sutures between the apices 
of the skin flaps and the troughs of the tracheal flaps 
and between the apices of the tracheal flaps and the 
troughs of the skin flaps. Absorbable 5–0 sutures are 
used starting from the skin flap to the tracheal wall 
and then back through the skin flap (Fig. 4). This 
creates a star-shaped stoma with a continuous zigzag 
mucocutaneous junction completely isolating the 
tracheocutaneous track from the subcutaneous tissue 
of the neck (Fig. 5).

reintubation was also proposed by resecting a part of 
the tracheal cartilage to create a circular window in the 
anterior tracheal wall [16]. However, partial excision 
of the tracheal cartilage and the flap techniques have 
been suspected, with no solid evidence, to predispose 
to delayed tracheal stenosis or suprastomal collapse, 
which may lead to decannulation failure [14,17].

In this study, we are describing an alternative 
design for pediatric tracheostomy, first depicted by 
Koltai [4], based on creating an immediately mature 
TCF by constructing continuous circumferential 
mucocutaneous suture line between the cervical skin 
and the tracheal mucosa through a three-dimensional 
Z-plasty [4]. ‘Starplasty’ tracheostomy seems to be 
more fitting for recent pediatric tracheostomy settings 
by avoiding the majority of drawbacks of other 
techniques. This technique has been adopted as the 
standard of care for infants and children intended for 
tracheostomy for more than 2 months in the department 
of Otolaryngology — Head and Neck Surgery, Tanta 
University Hospitals, with initial promising results.

How I do it?
Operative settings
The procedure is performed under general anesthesia 
with endotracheal intubation. The neck is extended 
by placing a roll under the shoulders, and the head is 
stabilized using a doughnut. The cricoid cartilage and 
the sternal notch are marked.

X-shaped skin incision line
An X-shaped skin incision line is marked 
(about 1 × 1 cm), centered over a point midway 
between the cricoid cartilage and the suprasternal 

Skin incision.

Figure 1

Defatting of the skin flaps.

Figure 2
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under vision. Antibiotic-impregnated bulky dressing 
is inserted between the stoma and the flanges of the 
tracheostomy tube, which is secured by soft ribbons 
around the neck without sutures.

Evaluation of the technique
The fundamental idea of Starplasty is creating a 
mature track for the tracheostomy tube, which allows 
secure reintubation and complete separation of the 
subcutaneous tissue planes of the neck from the airflow 
and tracheal secretions. This is proposed to decrease 
tracheostomy-related morbidity and mortality in 
children and infants on prolonged ventilatory support. 
Although scarce, the currently available evidence 
suggests that, among other known techniques, 
Starplasty may be the most convenient technique for 
this category of patients. Starplasty does not require 
special expertise and takes about 30 min to complete.

‘Maturation’ of the tracheostoma has been considered 
‘an extra safety measure’ performed to facilitate 
reinsertion of inadvertently dislodged tube, which 
may be fatal [18]. Many surgeons used stay sutures 
from the tracheal cartilage to the dermis to secure 
the track and approximate the tracheal fenestrae to 
the surface of the neck [9,18,19]. Others used flap 
techniques [13–15]. Stoma maturation was found 
effective in preventing serious consequences of accidental 
decannulation [18,19]. It has also been advisable 
to reduce peristomal granulation tissue formation, 
which was considered ‘a routine finding’ after pediatric 
tracheostomy and may be a cause of recurrent bleeding, 
bronchitis, or failure of decannulation [20,21]. However, 
the persistence of TCF remains a considerable risk of 
stoma maturation.[4] In a retrospective medical chart 
review, Colman et al. found that stoma maturation in 
pediatric tracheostomy is associated with a lower rate 
of accidental decannulation with airway emergency 
and a higher rate of persistent TCF when compared 
with the traditional technique; however, these findings 
were not statistically significant [9].

In our practice, we anecdotally reported that the 
design of Starplasty provides an immediately mature 
track for the tracheostomy tube, which enhances 
the confidence and ability of ICU personnel, novice 
or trained, to reinsert or replace the tube in case of 
accidental slippage or total blockage without need 
for special instrumentation or expert call. Many 
authors, as well, found that patients who underwent 
Starplasty had lower incidence of serious hypoxemia 
with accidental decannulation [4,10,11,22], reflecting 
the safety of Starplasty as a maturation technique. 
However, it was, not surprisingly, reported to be 

Tracheal incision.

Figure 3

The star-shaped stoma.

Figure 5

Interdigitating skin flaps with tracheal wall flaps.

Figure 4

The appropriate size tracheostomy tube
An appropriate size tracheostomy tube can be easily 
inserted after pulling back the endotracheal tube 
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associated with significantly higher rate of persistent 
TCF after decannulation, which may reach up to 
100% [4,11]. As persistent TCF fistula is usually 
associated with speech, swallowing, and social and 
hygiene problems [23,24], surgical closure of the 
fistula is mandated in patients once tracheostomy is 
no longer needed [25].

‘Isolation’ of the tracheocutaneous track from the 
surroundingneck planes is proposed to lower the 
incidence of surgical emphysema, pneumothorax, 
wound infection, and granulation. The incidence of 
pneumothorax and subcutaneous emphysema after 
pediatric tracheostomy (about 3–6%) was found 
to be attributed to the surgical design rather than 
surgical trauma [2,13,14,16,17,26]. Specially, in 
infants with noncuffed tracheostomy tubes, air under 
positive pressure can dissect through the fascial planes 
that may be in continuity with the pleural cavity. 
This complication was reduced to 0% in published 
studies on Starplasty so far [4,10,22]. Isolation of the 
tracheostomy wound from the tracheal secretions was 
also found to lower the rate of wound infection from 
0–15% reported in literature [27] to 0–2.8% reported 
in Starplasty patient published cohorts [4,10,11]. 
The presence of a continuous circumferential suture 
line with no incision lines on both sides of the track 
minimizes the wound care needed but does not 
substitute it [4].

Long-term complications of tracheostomy, such as 
tracheal stenosis and suprastomal collapse of the 
anterior tracheal wall, may lead to decannulation 
difficulties and dependence on tracheostomy 
cannula even after eliminating the initial indication 
for tracheostomy [21]. Although the underlying 
mechanisms of such complications are not completely 
understood, tracheal stenosis is believed to be related 
to chondritis at the tracheostomy site when compared 
with the surgical technique [11]. Suprastomal collapse 
may also be the result of infection along with prolonged 
pressure on the anterior tracheal wall by tracheostomy 
tube [4]. These complications were not reported in 
long-term follow-up in any of the Starplasty published 
series [4,11,22]. This may be attributed to the low 
infection rate and special geometrical design, which 
protects the tracheal wall from direct compression and 
maintains tendency of the tracheal cartilage to retain 
previous anatomy after decannulation [4].

Overall tracheostomy-related mortality reported in 
literature ranges from 1 to 3% [12,14,17,26], whereas 
no incidence was reported with Starplasty [4,10,11,22]. 
Although this may reflect the safety of the technique, 
an incidence above 0% may be obtained with larger 
studies.

Conclusion
We recommend considering Starplasty design for 
pediatric tracheostomy for infants and children expected 
to remain cannulated for 2 months or more. The 
technique is easy, not technically demanding, and can be 
performed in about 30 min. On the basis of our limited 
experience and published reports, Starplasty is a safe and 
an effective technique in reducing the incidence of serious 
complications of tracheostomy in pediatric population, 
especially death due to accidental decannulation. We 
wish to solidify these recommendations with a case 
serious after accumulating a proper sample size. The 
only drawback that is apparently overweighed by many 
advantages is the persistence of TCF after decannulation, 
which dictates surgical removal.
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