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Congenital tracheal stenosis (CTS) is a rare condition 
that often presents in infancy with respiratory failure and 
requires surgical intervention. Pulmonary artery (PA) 
sling is commonly associated with tracheal stenosis (1). 
Tracheal surgery has previously been associated with a 
high rate of mortality and morbidity (2). Over the past  
30 years, numerous surgical techniques have been proposed 
to correct this condition (3,4). In the recent decade, slide 
tracheoplasty has demonstrated widespread improvement 
in outcomes and has emerged as the technique of choice for 
CTS (5-10). 

This technique provides a vascularised graft with native 
respiratory epithelium and allows immediate tracheal 
stability (5). Slide tracheoplasty appears to reduce post-
operative ventilation time, granulation tissue formation and 
mortality (7,11). In large single-centre experiences, survival 
after slide tracheoplasty is excellent (7,12). Butler et al. (12) 
have reported an operative mortality rate of 6% in 101 
patients undergoing slide tracheoplasty. Similarly, Manning 
et al. (7) have reported a low operative mortality rate of 2.5% 
in 80 patients undergoing slide tracheoplasty. At the Royal 
Children’s Hospital, we have reported an improvement in 
early outcomes since the adoption of the slide tracheoplasty 
technique for CTS and a multi-disciplinary approach (13). 
Whilst much work has been done in understanding the 
outcomes after tracheal surgery, little has been reported on 

the anatomical abnormalities of CTS and the morphological 
changes after slide tracheoplasty. This is a key component 
in better understanding the disease process and the effects 
of surgery.

In this context, we read with interest a recent paper by 
Chen et al. (14) published in the Annals of Thoracic Surgery, 
which provides an analysis on the morphological changes 
after tracheal surgery. This study is unique as it is the first 
to thoroughly examine these anatomical changes after slide 
tracheoplasty with the use of computerized tomography 
(CT). Between 2003 and 2018, 23 children (mean age  
3.6 months) underwent slide tracheoplasty. These patients 
underwent CT scans before and after surgery. There was a 
control group comprising of 36 patients with normal airway 
and cardiovascular anatomy on CT scans.

The authors measured the intra-thoracic tracheal length 
and carinal angle from CT scans. The intra-thoracic 
tracheal length was divided by the length of the thorax 
to obtain an indexed ratio that accounted for patient size. 
There were two groups comprising of patients with upper 
(n=2) and lower tracheal stenosis (n=21). In the later group, 
the indexed trachea-thoracic ratio was approximately one-
third larger than control subjects, implying a longer trachea. 
After surgery, the trachea-thoracic ratio became similar 
to control subjects. The carina angle was also wider when 
compared to the control subjects (121 versus 86 degrees, 
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respectively). After slide tracheoplasty, this was restored 
close to an anatomically normal angle. 

There are several limitations of the study. Due to the 
rarity of this condition, the sample size was small and this 
therefore limited a detailed statistical analysis. The CT 
scans did not examine the extra-thoracic portion of the 
trachea. Hence, the entire length of the trachea is unknown 
in each patient. The impact of the size of the left atrium 
and timing of the respiration cycle on the carina were not 
accounted for. Finally, the follow-up period was short with 
the CT scans performed at a mean of 1 year after surgery. It 
is unknown if there is a corresponding increase in the length 
and size of the trachea with somatic growth of the patient.

Nevertheless, this is an important study as it provides 
insight into the anatomical abnormalities associated 
with CTS and the changes after slide tracheoplasty. The 
mechanism for the longer trachea in patients with CTS 
affecting the lower trachea has not yet been defined. 
The authors speculate that there is a mismatch in the 
longitudinal growth of the trachea compared to the patient, 
hence, as the trachea elongates, the lumen narrows (14). 
As the trachea elongates, it may displace the primitive 
bronchial buds more distally, hence, widening the carinal 
angle (14). When performing a tracheoplasty over a 
long segment of CTS, the concern is excessive tension 
on a shortened trachea that may result in anastomotic 
breakdown, recurrent granulation tissue and subsequent 
tracheal narrowing. An interesting finding of this study (14) 
is that in patients with CTS, the excessive tracheal length 
could compensate for the reduction in tracheal length after 
slide tracheoplasty. Chen et al. (14) suggested that slide 
tracheoplasty can be performed for up to approximately 
two-thirds of the intrathoracic trachea, beyond this, tension 
relieving manoeuvres may be required. These findings 
provide a guide for surgeons when planning the extent of 
tracheal resection and reconstruction. 

The normalisation of the carinal angle after slide 
tracheoplasty is an interesting finding. The clinical 
implications are unclear but the angle acuity may have 
impact on airflow mechanics, in particular, airflow resistance 
(14,15). As the number of patients surviving into childhood 
and adulthood increases, the focus has shifted towards 
understanding the functional implications of tracheal 
surgery. A recent paper from our group examined the 
outcomes of PA sling and tracheal surgery in children (16). 
Pulmonary function testing was performed in 9 of the 11 
eligible patients after tracheal surgery. The median age at 
pulmonary function testing was 10.4 years. All patients had 

been operated on during infancy. Compared to matched 
predicted values (based on age, gender, height), the median 
forced expiratory volume in one second (FEV1) was reduced 
at 48%, the median forced vital capacity (FVC) was reduced 
at 74% and the median FEV1/FVC ratio was 0.69 (16). 
These findings indicated a pattern of airflow obstruction. 
Though the patients in the study were asymptomatic, 
the long-term consequences remain undetermined. The 
observation of airflow obstruction may be due to intrinsic 
abnormalities of the trachea or a limitation in growth after 
surgery. Unfortunately, our study did not have anatomical 
imaging at long-term follow-up. Though Chen et al. (14) 
suggest that slide tracheoplasty restores tracheobronchial 
morphology (length and carina angle) to an anatomically 
normal state, these results are only limited in the short-
term and do not guarantee ongoing tracheal growth. 
Speggiorin et al. (17) demonstrated growth of the trachea 
after tracheoplasty up to 2 years after surgery. However, 
the long-term growth and status of the trachea as patients 
approach late childhood and adulthood is unknown. Hence, 
it is important that future large-scale multi-centre studies 
are conducted to assess the morphology and growth of the 
trachea in the long-term and to correlate it with functional 
testing.
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