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Introduction

Benign airway stenosis is a multifactorial and heterogeneous 

disease often deriving from prolonged tracheal intubation. 

The reported incidence of tracheal stenosis following 

tracheostomy and laryngotracheal intubation varies from 

0.6% to 21% (1-4). The local factors contributing for the 

occurrence of airway stenosis include local airway trauma 
produced by the contact between the tracheal wall and 
the endotracheal tube, inefficient management of the cuff 
pressures, technical inadequacies of tracheostomy, local 
endoluminal bacterial proliferation. Systemic factors such 
as unstable cardiovascular disease, presence of metabolic 
diseases and infections also contribute to the tracheal wall 
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injury and subsequently to stenosis. Other less common 
causes are penetrating tracheal trauma, autoimmune diseases 
(e.g., Wegener’s granulomatosis, relapsing polychondritis, 
sarcoidosis, amyloidosis), congenital, primary, secondary 
neoplastic diseases, and idiopathic (2,5). 

Gastroesophageal reflux (GER) has been associated to 
laryngeal and pulmonary diseases (6,7). The participation 
of GER in benign tracheal stenosis has also been described, 
although the cause-and-effect relationship is not always 
clearly established. Furthermore, the diagnosis of GER 
itself is underestimated in the general population. A national 
inquiry enrolling 14,000 adult subjects found a prevalence 
of heartburn once a week of 11.9% in the Brazilian urban 
population (8), and 19.8% in the American population (9). 
Given the prevalence of GER in the general population 
and considering the possibility of the development or the 
aggravation of the airway stenosis in patients with GER, 
it became increasingly important to consider GER as an 
adjuvant factor in selected patients with central airway 
stenosis (10). However, the character of GER in these 
patients does not always follow the well-known clinical 
features of GER disease (GERD). Therefore, the accurate 
diagnosis of GER and its effective treatment in patients 
with central airway stenosis requires objective investigation.  

This chapter is focused on the role of GER in airway 
stenosis, with emphasis on the pathophysiology, clinical and 
diagnostic features as well as the potential impact of GER 
both in the treatment strategy and in the outcome of benign 
airway stenosis.

Correlation between GER and upper airway 
stenosis

The coexistence of GER and respiratory disease has been 
subclassified into the extraesophageal syndromes (6,11). 
As opposed to the correlation between GER and distal 
airway and lung diseases, such as asthma (12,13), pulmonary 
fibrosis (14), bronchiolitis obliterans (15-17) and airway 
hyperresponsiveness (18), there are few studies on upper 
airway diseases. The majority are concentrated on laryngeal 
disorders, such as laryngospasm, contact granulomas and 
vocal cord dysfunction (19-21), and few are focused on 
central airway stenosis. The idiopathic subglottic stenosis 
is an exception where the association with GER has been 
described initially by Brandenburg in 1972 (22) who was the 
first to point out to laryngopharyngeal reflux as an adjuvant 
in the development of subglottic stenosis, and ever since 
there have been frequent reports of this association (23).

Bain et al. (24) described the first case of successful 
improvement of laryngotracheal stenosis after surgical 
treatment for GERD. Little et al. (25), reported a case of a 
12-year-old girl with no improvement of post-intubation 
subglottic stenosis despite several previous treatment 
strategies including an open airway repair with cartilage 
interposition where severe reflux to the proximal airway 
was observed. This observation led them to start treatment 
with H2 blockers that ultimately yielded to the resolution 
of the stenosis. The case led the same authors to the design 
of a canine model of subglottic stenosis to examine whether 
or not the gastric acid was a contributing factor to the 
development of subglottic stenosis after the production of 
a mucosal lesion. In control animals, the mucosal lesions 
produced in the trachea healed without the development of 
stenosis. On the other hand, the animals where the mucosal 
lesion was exposed to gastric acid developed subglottic 
stenosis. 

Koufman et al. in 1991 (20) published a seminal 
clinical study where 78% of the patients with tracheal and 
subglottic stenosis had GER as verified by an abnormal 24-
hour esophageal. Such a high prevalence of abnormal acid 
reflux occurred in the absence of typical upper digestive 
symptoms. Toohill et al. in 1998 (26) also described a 
higher incidence of pharyngeal acid reflux events in the 
24-hour esophageal pH monitoring of laryngotracheal 
stenosis patients. The treatment of GER in this series led 
to an improvement in the treatment results. A case-control 
study found that 59% of the biopsies of subglottic stenosis 
tested positive in a pepsin essay (27). Unfortunately, the 
widespread use of the pepsin essay remains limited because 
the cutoff values have not been established yet (28).

Laryngotracheal stenosis has been associated with an 
abnormal 24-hour esophageal pH study in more than half 
the patients (29), whereas laryngeal acid exposure is present 
in up to 86% (30). 

Recent studies on benign tracheal stenosis described the 
presence of GERD in 42% to 69% (10,31,32). Therefore, 
the correlation between GER and upper airway stenosis is 
probably not just coincidental. The next question is whether 
GER plays a role in the outcome of tracheal stenosis. In this 
context, GER has a different character when compared to 
the usual findings in GERD. The very concept of GERD 
encompasses well-defined criteria that includes the presence 
of typical reflux symptoms and the endoscopic finding of 
esophagitis. Conversely, the patients with extraesophageal 
syndromes such as airway stenosis often lack the presence of 
typical reflux symptoms as well as endoscopic abnormalities 
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in the esophagus. Therefore, it requires an objective 
investigation of GER utilizing esophageal function tests to 
accurately diagnose and characterize reflux.

In a cohort of 175 patients with benign tracheal stenosis 
studied at our center, only 21% presented with typical 
reflux symptoms (heartburn and acid regurgitation), 42% 
had an abnormal ambulatory esophageal pH study, and 
endoscopic abnormalities associated with reflux were found 
in 18.5% of the patients (31). The reflux pattern showed 
a predominance of supine and laryngopharyngeal reflux, 
which parallels the GER pattern we described previously in 
other respiratory diseases such as pulmonary fibrosis (14), 
asthma (12,13), and also in lung transplant candidates (16).  
Decannulation failure has also been related to the presence 
of GERD. Tawfik et al. (33) showed in a cohort of 95 
patients submitted to laryngotracheal reconstruction that 
the factors associated with decannulation failure 1 year after 
surgery were GERD, Cotton-Myer grade 4 stenosis and 
diabetes. 

Pathophysiology of tracheal stenosis in patients 
with GER 

The cause and effect relationship between central airway 
obstruction and GER has been mostly based on descriptions 
of clinical reports and in small clinical series. 

Ventilatory dynamics

A plausible explanation for the finding of GER in tracheal 
stenosis patients is the altered ventilatory dynamics caused 
by an increased thoracoabdominal pressure gradient. The 
available clinical data on the effects of laryngotracheal 
stenosis on upper airway aerodynamics showed an increased 
resistance and a decreased airflow that are not compensated 
by mouth breathing (34). The increase in airflow velocity 
in the stenotic area is associated with higher resistance to 
airflow creating a turbulent flow and resulting dyspnea. 

The thoracoabdominal pressure gradient

The mechanism involving variation in thoracoabdominal 
and transpulmonary pressures reflected in the airway 
dynamics includes altered flow in tracheal stenosis. The 
increased thoracoabdominal pressure gradient acts as a 
facilitator of GER in this scenario. A recent clinical study 
focused on the effects of laryngotracheal stenosis on upper 
airway aerodynamics demonstrated both an increased 

resistance and a decreased airflow not compensated by oral 
breathing (34). Experimentally, such mechanism was tested 
in rats and dogs creating a thoracoabdominal pressure 
gradient by means of partial central airway obstruction 
caused by placing progressively narrower tracheostomy 
cannulas. These studies showed that GER was produced 
by overcoming of the gastroesophageal antireflux barrier 
(35,36). 

Another experimental study carried out in a canine 
model used telemetry for the measurement of the 
intrapleural and intrabdominal pressure in order to obtain 
transdiaphragmatic pressures, along with 24-hour intra-
esophageal pH recordings to obtain a reflux index in dogs 
submitted to banding of the intrathoracic trachea above the 
carina to reduce more than 50% of the tracheal diameter. 
The results in this complex model failed to demonstrate the 
presence of GER as shown by the pH recordings and reflux 
index after the creation of the thoracoabdominal pressure 
gradient. The major limitations were the number of animals 
and the method for producing of tracheal obstruction (37).

The role of the thoracoabdominal pressure gradient 
in patients with end-stage lung disease provides an 
interesting analogy to the mechanism causing GER 
found in central airway obstruction. Masuda et al. (38) 
measured the thoracoabdominal pressure gradient 
(intra-abdominal pressure minus intrathoracic pressure 
during inspiration) using esophageal manometry in lung 
transplant candidates with end-stage pulmonary disease. 
The adjusted thoracoabdominal pressure gradient was also 
calculated (thoracoabdominal pressure gradient minus the 
resting lower esophageal sphincter pressure). They found 
that patients with restrictive lung disease had a higher 
thoracoabdominal pressure gradient and higher incidence 
of pathologic GER on the 24-hour pH study compared to 
patients with obstructive lung disease. 

Despite the existing clinical and experimental evidence 
on the role of thoracoabdominal pressure gradient in 
GER, the question that remains unanswered is whether 
such mechanism can also be applied to patients wearing a 
tracheostomy. Since the cannula bypasses both the stenosis 
and the glottis, it reduces the local resistance to airflow 
during spontaneous breathing and might not affect the 
thoracoabdominal pressure gradient. 

Inflammation and tissue remodeling 

The common denominator of  the a irway related 
problems in patients with GER is the inflammatory 
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component associated with the presence of neutrophilic, 
neuroendocrine, inflammatory cells and cytokines causing 
airway inflammation and increased local oxidative stress (39). 

The pathophysiology of benign tracheal stenosis has been 
extensively studied in subglottic stenosis which is considered 
as a local fibroproliferative disorder associated with the 
damage to the tracheal epithelium followed by edema and 
inflammation. This is followed by a local tissue remodeling 
as a result of the migration of fibroblasts into the injured 
site, local deposition of extracellular matrix and subsequent 
fibroproliferation that will ultimately result in the airway 
stenosis itself (40). Dillard et al. (41) produced subglottic 
injury in rats and found an expression of transforming 
growth factor-beta 1 (TGF-beta1), which is also involved in 
the pathogenesis of other fibrotic diseases. The TGF-beta1 
was found into the submucosal fibrotic matrix below the 
injured airway epithelium. The elevations in fibronectin and 
procollagen were also described in this study.

Jarmuz et al. (42) designed an in vitro experiment based 
on this assumption that TGF-beta1 can stimulate the 
transformation of tracheal fibroblasts into myofibroblasts 
thus enabling the formation of increased production of 
matrix and scar. Rat tracheal fibroblasts exposed to TGF-
beta1 or gastric juice increased the expression of alpha-
smooth muscle actin and contraction of collagen gels. These 
findings suggested the presence of other adjuvant factors in 
the gastric juice acting in tissue remodeling of the tracheal 
injury through the stimulation of the differentiation of 
fibroblasts into myofibroblasts. 

Some components of the duodenal juice such as enzymes 
and bile acids are often found in the gastric refluxate in the 
lower and upper esophagus. The potential role of bile acids in 
acquired laryngotracheal stenosis was evaluated in vitro using 
the supernatant of cell cultures exposed to different bile acids 
(i.e., cholic, chenodeoxycholic, deoxycholic, and lithocholic) 
and greater concentration of TGF-beta1 and matrix 
metalloproteinase-9 were measured. Lithocholic acid and 
deoxycholic acid induced a significantly higher expression of 
procollagen protein along with an upregulation of fibronectin 
and downregulation of E-cadherin observed with all bile 
acids tested, except for the deoxycholic acid. Therefore, in 
the event of a tracheal injured site being exposed to gastric 
and biliary refluxate, it increases the potential risk for the 
development of stenosis (43). 

The local microbiome

The role of the local tracheal microbiome in the outcome 

of the stenosis is unclear. Recently, the role of microbiota as 
we know it has changed from being considered as a simple 
eventual colonization from the environment to a constitutive 
component of the human organism. Acting as a genetic 
characterization of the entire microbiota in a specific tissue, 
the microbiome has the ability to dialogue with the immune 
system, thus regulating and modulating the immune response 
against the host both locally and systemically, potentially 
interfering in other organs and systems (44). An example is 
the association of periodontal bacteria with cardiovascular 
disease has been reported recently (45,46). Another recent 
study in children showed that the tracheal microbiota differs 
in the presence or absence of concomitant respiratory 
infection, particularly in regards to the frequencies of 
Haemophilus, Pseudomonas, Corynebacterium and Acinetobacter, 
regardless of the season (47). 

Theoretically, the changes in the tracheal endoluminal 
microbiome can also be triggered by the local milieu as a 
result of microaspiration of the gastric acid refluxate into 
the airway. In order for the refluxate to reach the proximal 
trachea, it has to pass through the pharynx and larynx 
where it is exposed to the oral microbiota. Other important 
variable is the presence of a tracheostomy or stenting of 
the stenosis either by a silicone or a covered metallic used 
to maintain airway patency. Furthermore, the tracheal 
appliances harbor a biofilm over its surface containing a 
microbiota that changes depending on the local conditions 
such as local humidity, temperature and pH. The presence 
of certain metabolic and autoimmune diseases such as 
diabetes mellitus also have the ability to change the 
microbiota (Figure 1). 

The constant exposure of the silicone stent to the 
aerodigestive secretions creates a local microbial challenge 
that may damage the already diseased tracheal wall at the 
stenosis site thus interfering in the resolution of the stenosis 
itself (48). The formation of granulation tissue at the ends 
of the stent and underneath its surface have been described 
as a result of both mechanical contact and the colonization 
by Staphylococcus aureus and Pseudomonas aeruginosa (49). 
The repeated local tissue aggression carries the potential 
to perpetuate the process which thereby increases both 
the extent and the severity of the stenosis. This may delay 
and impair the definitive treatment, either by surgical 
resection or decannulation (50). A preliminary study of the 
microbial contents of silicone T-tube stents using standard 
cultures in patients with benign tracheal stenosis, we 
found a predominance of bacteria, particularly Pseudomonas 
aeruginosa, followed by polymicrobial population and 
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Serratia marcescens, and fungi (Candida sp.) (unpublished 
data) (Figure 2).

Currently, the best way to study the microbiome is by 
mapping the microbiota directly from the stenosis site 
or from the silicone prosthesis through 16S rRNA gene 
sequencing. The DNA of the biofilm samples is extracted, 
and the microbial diversity of the stent biofilm is determined 
by sequencing the V3–V4 region of the bacterial 16S rRNA 
gene. The taxonomic classification is performed using the 
Human Oral Microbiome Database (HOMD) (http://www.
homd.org). The microbial composition is analyzed for the 
indices of richness, alpha and beta-diversity and relative 
abundance at different taxonomic levels (51). We performed 
a microbiome analysis of the different parts of a tracheal 
silicone T-tube removed during change of the prosthesis in 
a patient without GERD. Samples were collected from 5 
different regions and DNA was extracted (Figure 3). 

Figure 1 Biofilm in the silicone T-tube. Left: a new and clear 
silicone T-tube (above), compared with an used T-tube (below) 
removed from a patient after 6 months of use showing an 
extensive and adherent biofilm; right—proximal end of a T-tube 
removed from a patient with type 1 diabetes and subglottic 
stenosis showing extensive colonization of the biofilm by bacteria 
and fungi (Candida sp.). 

Figure 2 Frequency of the microbial contents of the distal extremity of silicone T-tube stents obtained in aerobe standard culture medium 
of the distal extremity of the stent (n=27) (Cardoso PF, Bibas BJ, and Minamoto H, unpublished data). 
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The frequency of the global microbiological findings is 
described in a taxonomy summary provided by the software 
after total DNA sequencing (Macrogen, Korea) (Figure 4).

A study is now underway at our institution to evaluate 
the differences in the microbiome of the silicone stents 
between tracheal stenosis patients with and without GER. 
The analysis of the microbiome of the saliva and the biofilm 
of these prostheses will provide data to the understanding 
of the outcome of tracheal stenosis in patients subjected 
to stenting. The comparison between patients with and 
without gastro-esophageal reflux disease will help us 
determine whether the acidification of the medium has 
an impact in the local microbiome. This will open the 
possibility of the future use of silicone surface modified 
stents using bacteriostatic nanocomposites, antibiotics 
and anti-proliferative drugs. The relationship between 
the microbiome of the oral cavity and the T-tube will also 
enable an investigation on the possibility of co-colonization 
of oral bacteria in the presence of fungi.

Diagnosis of tracheal stenosis associated with 
GER

The diagnosis of tracheal stenosis relies on the presence of 

airway narrowing to become clinically apparent. Dyspnea 
is the clinical hallmark of the disease, followed by other 
features such as stridor, wheezing, cough and exercise 
limitation. The presence of typical digestive symptoms, 
such as heartburn and acid regurgitation often associated 
with GER, is seldom found in tracheal stenosis and in 
laryngeal disorders (20). A study on tracheal stenosis found 
GERD in 47% of the patients, although only 18% of them 
actually had post-intubation stenosis (10). On the other 
hand, extraesophageal manifestations can be found in many 
patients with heartburn who lack laryngeal symptoms (52). 
In a cohort of 175 patients with tracheal stenosis studied at 
our center, the presence of typical GER symptoms (weekly 
combination of heartburn and acid regurgitation) was found 
in 21% of the whole cohort, and in 12.6% patients with 
tracheal stenosis with an abnormal 24-hour esophageal pH 
study. Nevertheless, patients with typical GER symptoms 
showed a higher chance of having an abnormal 24-hour 
esophageal pH study (31). 

Unlike GERD, the lack of typical symptoms and 
the absence of esophagitis in the upper gastrointestinal 
e n d o s c o p y  i n  p a t i e n t s  w i t h  e x t r a e s o p h a g e a l 
manifestations of GER makes the clinical diagnosis 
a lot more difficult to establish without objective 

Figure 3 Five sample collection sites from the T-tube.
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test ing.  In our cohort,  the abnormality found in 
upper gastrointestinal endoscopy occurred in only 
18.5% of the patients with tracheal stenosis (31).  
Therefore, the detection of GER using esophageal function 
testing provides a reliable and accurate assessment that 
enables detection and characterization of reflux. It can be 
carried out either by conventional stationary manometry 
and dual probe 24-hour esophageal pH testing, or high-
resolution manometry and esophageal impedance pH 
testing depending on the availability. The indication for 
esophageal function testing was initially established by the 
otolaryngologists in laryngeal disease based on objective 
laryngoscopy findings, such as posterior laryngitis, Reinke’s 

edema, vocal cord dysfunction and pachydermia. On the 
other hand, the correlation between GER and tracheal 
stenosis was established based upon the prevalence of GER 
in this patient population. In our cohort of 175 patients 
with tracheal stenosis, 42% tested positive for pathologic 
GER on esophageal pH study (31) that is similar to another 
series (10). Clinically, we have employed the following 
criteria to perform esophageal function testing in patients 
with tracheal stenosis:
	 Presence of Cotton-Myer grade 4 (“blind end”) 

tracheal stenosis (Figure 5);
	 Late recurrence of the stenosis after tracheal 

resection (>5 years);

Figure 4 Example of a taxonomy summary obtained from the analysis of region C1 (luminal surface of the upper limb of a silicone T-tube).
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	 Persistent mucosal inflammation at the stenosis site;
	 Subglottic or laryngotracheal stenosis refractory to 

dilatation, requiring 3 or more dilatation sessions.
We use the dual-probe esophageal pH testing that 

enables concomitant pH measurements between the lower 
and upper esophagus. The standard distance between probes 
in commercial catheters varies from 15 to 18 cm. The 

standard DeMeester scoring system uses normal pH values 
according to Jamieson et al. (53) based on the measurements 
obtained in the distal esophageal probe (Figure 6). For the 
proximal probe we consider the detection of any reflux 
episode (pH <4) as an abnormal finding. The esophageal 
manometry is performed routinely before the pH study 
in order to assess esophageal motility and to ascertain an 
accurate positioning of the distal pH probe 5 cm above the 
upper end of the lower esophageal sphincter. 

The findings in the esophageal motility and in the pH 
study of patients with tracheal stenosis follow the same 
pattern found in other respiratory manifestations of GER 
are somewhat different. As opposed to GERD, patients 
with tracheal stenosis present a lesser percentage of motility 
disorders (37% in our cohort) and the hypotonic lower 
esophageal sphincter remains the dominant feature (Table 1).  
Another interesting finding is the high incidence of 
abnormal pH studies (42% in our cohort) with a prevalence 
of supine and supraesophageal reflux (31) (Table 2) which 
has also been described in the past (26).

Despite the incidence of abnormal esophageal pH studies 
in our cohort, the upper gastrointestinal endoscopy had 
abnormal findings in only 18% (31). On the other hand, 
airway endoscopy often detects several abnormalities at 
the stenosis site, such as inflammation with friable mucosa 
and blind end stenosis (Figure 7). Nevertheless, patients 

Figure 5 Sagittal reconstruction of CT scan in a patient with GER 
and a Cotton-Myer grade 4 tracheal stenosis (arrow showing the 
“blind-end” stenosis). 

Figure 6 Esophageal pH study tracing in a patient with tracheal stenosis showing a predominance of supine gastroesophageal reflux (GER) 
(arrow). 
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with abnormal GER who are considered for fundoplication 
should undergo an upper gastrointestinal contrast study and 
endoscopy routinely. 

Treatment strategy and outcome of patients 
with tracheal stenosis and GER

Patients presenting with the association tracheal stenosis 
and GER require a different management strategy. After 
the usual work up for the tracheal stenosis that includes 
CT scan of the neck/chest, airway endoscopy followed by 
the detection of GER using esophageal function testing, 
the patient is placed on proton pump inhibitors (e.g., 
omeprazole 80 mg bid). Patients with tracheal stenosis 
are considered for either a laparoscopic modified Nissen 
fundoplication or continued medical treatment with high 
dose proton pump inhibitors (e.g., 40 mg omeprazole bid) 
according to the following criteria:
	 Fundopl icat ion:  presence of  ref lux-re lated 

complications such as erosive esophagitis, esophageal 
stenosis; Barrett’s; DeMeester score ≥30; absence of 
severe comorbidities (type 1 diabetes, cardiovascular 
condition, renal failure, asthma, or chronic 
obstructive pulmonary disease); body mass index 
below 30 kg/m2; persistent mucosal inflammation at 
the tracheal stenosis site after 3 to 6 months of high 
dose proton pump inhibitors.

	 Proton pump inhibitors: patients with pathologic 
GER as detected by 24-hour ambulatory esophageal 
pH study who did not fulfill the criteria for 
fundoplication, regardless of the presence of typical 
upper gastrointestinal symptoms; patients with 
restricted mobility (bedridden or wheelchair bound).

T h e  d e c i s i o n - m a k i n g  p r o c e s s  w e n t  t h r o u g h 
multidisciplinary rounds for either laparoscopic modified 

Table 1 Results of esophageal manometry in all patients

Esophageal manometry (n=169) Measurements Normal values*

Average extension of the lower esophageal sphincter (millimeters) 35±3 –

Average lower esophageal sphincter resting pressure (mmHg) 20.0±9.4 14–34

Maximum expiratory lower esophageal sphincter pressure (mmHg) 13.7±7.9 10–35

Distal esophageal pressure (mmHg) 99.2±35.9 64–154

Upper esophageal resting pressure (mmHg) 60.3±26.8 29–69

All values expressed as mean ± standard deviation. *, normal values for esophageal motility according to the Esophageal Motility 
Laboratory, Hospital das Clinicas-HCFMUSP). Modified from Bianchi et al. (31).

Table 2 Results of ambulatory esophageal pH results in all patients

24-hour esophageal pH study (n=175) Measurements
Normal 
values*

Total number of distal esophageal 
reflux episodes

34.1±26.7 <50

Total time with pH <4 (%) 4.7±5.2 <4.5

Time orthostatic with pH <4 (%) 5.1±6.2 <8.4

Time supine with pH <4 (%) 3.6±6.2 <3.5

DeMeester score 19.7±20 <14.7

Total number of supraesophageal 
reflux episodes

1.1±2.3 0

All values expressed as mean ± standard deviation. *, normal pH 
values according to Jamieson et al. (53). Figure 7 Persistent mucosal inflammation at the stenosis site 

detected during tracheoscopy in a patient with GER (DeMeester 
score of 38, predominant supine reflux and concomitant 
supraesophageal reflux).
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Nissen fundoplication or medical treatment. This required a 
close interaction between a team composed by the thoracic 
surgeon, gastroenterologist and esophageal surgeon. 

Six months after laparoscopic modified Nissen 
fundoplication a repeat esophageal motility and dual-probe 
24-hour pH study is performed in order to ascertain that 
the reflux control has been achieved. We tend to consider 
as an ideal control of GER when a dramatic reduction of 
reflux episodes and normal DeMeester Score are obtained 
(Table 3).

The outcome of tracheal stenosis following detection 
and treatment of reflux was published recently by our 
group according to the strategy described above (31). Using 
propensity score matching, a comparison was performed 
between patients with tracheal stenosis presenting 
pathological GER on the 24-hour ambulatory esophageal 
pH study. Patients with pathological GER underwent 
fundoplication or medical treatment with omeprazole (80 
mg bid), and patients with normal pH study were followed. 
After a 2-year follow-up the outcomes of tracheal stenosis 
were considered as: Favorable (stability of the stenosis was 
achieved, not requiring further dilatation and allowing for 
definitive decannulation or tracheal resection); Unfavorable 
(none of the previous outcomes were achieved). The 
results demonstrated that fundoplication yielded to a 

favorable outcome of the tracheal stenosis compared to 
omeprazole (odds ratio 5.31; confidence interval 2.41–11.7; 
P=0.03) (Figure 8), and the outcome was similar compared 
to the patients without pathological GER (odds ratio 1; 
confidence interval 0.47–2.11; P=0.99). On the other hand, 
the comparison between patients treated with omeprazole 
versus those without pathological reflux showed that 
patients without GER had tripled the chance of a favorable 
outcome of the tracheal stenosis compared to those treated 
with omeprazole (odds ratio 3.54; confidence interval 2.02–
6.19; P=0.02).

Our study was the first to demonstrate using propensity 
score matching that patients submitted to laparoscopic 
fundoplication for the control of GER had quintupled 
the chance of a favorable outcome of the tracheal stenosis 
compared to those patients receiving high dose omeprazole, 
and had an equal chance of a favorable outcome compared 
to patients without pathological reflux. The lesser favorable 
outcome of the tracheal stenosis obtained in patients with 
pathologic GER treated with high dose omeprazole. This 
finding reinforces the hypothesis that the control of the 
acid output alone is not enough, and other contents of 
the refluxate such as enzymes may be also involved in the 
process (31). The results of the study led us to assess and 
treat GER in selected patients with refractory or complex 

Figure 8 Density graphs before and after propensity score matching. The odds ratio showing that patients with tracheal stenosis submitted 
to fundoplication had a better chance of resolution of the tracheal stenosis compared to patients treated medically with omeprazole (40 mg 
bid). Modified from Bianchi et al. (31) by permission.
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benign post-intubation tracheal stenosis.

Summary

There are many factors contributing to the onset, severity 
and persistence of benign tracheal stenosis. There is 
evidence that GER plays a local role enhancing the collagen 
proliferation and affecting the local microbiome among 
other factors. The detection and assessment of GER 
must be carried out using objective methods such as 24-
hour ambulatory esophageal pH study or impedance pH 
study in addition to motility, radiographic and esophageal 
endoscopy since the usual clinical signs and symptoms 
are often absent in many patients with tracheal stenosis. 
The 24-hour ambulatory esophageal pH study provides 
quantitative results based upon numerical data that can be 
used to ascertain either the presence and severity of GER 
or its control after treatment. The tendency of detecting 
and treating GER in such patients based on the premises 
used for GERD can be misleading because the clinical 
behavior of GER on patients with tracheal stenosis seems 
to be different from what is found in patients with GERD. 
Therefore, one must consider GER in tracheal stenosis as 
a different entity that requires further studies in order to 

clarify its mechanisms and effects. For the time being, the 
surgical control of GER in selected patients with tracheal 
stenosis is reasonable and echoes what has been suggested 
for other respiratory manifestations of GER. Our recent 
study corroborates the idea that testing for reflux should 
be used more liberal in patients with tracheal stenosis, and 
surgical treatment of GER by fundoplication is related to a 
better outcome of the stenosis rather than medical therapy 
with proton pump inhibitors.
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