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Abstract

Prolonged ventilation remains the most common cause of tracheal stenosis. Tracheal reconstruction is the gold standard
treatment in these cases. The success of surgery is based on results of the pulmonary function test (PFT) which relies on
patients’ performance and their cooperation. The objective of the study was to investigate the impact of tracheal reconstruc-
tion in cases of tracheal stenosis on blood gas indices as well as airflow indices and whether arterial blood gas (ABG) can
be a better surrogate of adequacy of tracheal reconstruction. This was a retrospective observational study of 61 patients
with tracheal stenosis between the ages of 21 and 65 years who underwent tracheal reconstruction. The preoperative and
postoperative values of various blood gas indices like partial pressure of oxygen (pO,), partial pressure of carbon dioxide
(pCO,), and potential of hydrogen (pH) and airflow indices like forced expiratory volume in 1 s (FEV1) and peak expiratory
flow (PEF) were evaluated and found that all the parameters showed significant improvement after tracheal reconstruction
with P <0.0001. Tracheal reconstruction resulted in improvement of oxygenation and airflow parameters which led to relief
of symptoms. Hence, ABG can be used as a surrogate marker for denoting the success of the surgery.
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Introduction

Prolonged intubation remains the most common cause of
tracheal stenosis in adult population with an incidence of 6
to 21%. Other common etiological factors are malignancy,
extra-tracheal compression, congenital, and traumatic
[1-3]. The patients usually present with breathlessness,
stridor, apnea, and cyanosis [4]. Confirmation is done with
chest X-ray (postero-anterior, lateral views), 3-dimensional
multi-planar reconstruction computerized tomography (CT),
pulmonary function test (PFT), and bronchoscopy [5]. The
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Myer-Cotton grading of tracheal stenosis is based on the
percentage of tracheal stenosis that is detectable in the CT.
The medical management of tracheal stenosis involves the
use of anti-inflammatory agents, prophylactic antibiotics,
mucolytic agents, and chest physiotherapy. The less inva-
sive management approaches which are generally opted
for those patients who refuse an extensive surgery include
bronchoscopy-guided endotracheal dilatation, tracheal stent-
ing, laser surgery, and spray cryotherapy. These modalities
help in avoiding emergency admissions, decreasing the rate
of development of severe tracheal stenosis, and also in opti-
mizing the patients for the surgical feasibility of tracheal
reconstruction [6, 7]. If all the above modalities of treatment
fail, tracheal resection with reconstruction is contemplated,
which is the gold standard operation [8].

The success of airway patency translates into sympto-
matic relief of the patients with improvement in the PFT. But
the results of PFT are based on patients’ understanding, per-
formance, and their cooperation. Some of the studies show a
good correlation of the spirometric measurements with the
length of the stenosis and the grade of the stenosis (percent-
age of tracheal diameter stenosed) [9, 10]. Arterial blood
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gas (ABG) analysis shows the adequacy of oxygenation at
the cellular level, which is not affected by patients’ perfor-
mance. The present study investigated the impact of tracheal
reconstruction on spirometric as well as ABG indices and
whether ABG can be used as a surrogate for the adequacy
of tracheal reconstruction.

Materials and methods

After obtaining institutional ethics committee permission
for data sharing, a retrospective observational study between
the years 2013 and 2021 was conducted. The study included
61 patients with isolated tracheal stenosis who underwent
tracheal reconstruction with preoperative and postopera-
tive potential of hydrogen (pH), partial pressure of oxygen
(pO,), partial pressure of carbon dioxide (pCO,), forced
expiratory volume in 1 s (FEV1), and peak expiratory flow
(PEF) data available in the institutional database. All the
cases were referred from the Department of Otolaryngology
after 6 months of conservative and semi-invasive manage-
ment yielded no permanent symptomatic relief. The tracheal
reconstruction surgery was planned 3 weeks after the last
dilation procedure to ensure that inflammation had subsided.
Other modalities like laser therapy were not available in our
institute and tracheal stenting was reserved only for patients
with tracheal stenosis having external compression of the
trachea by tumor mass, so those were not included in this
study. Twenty-three patients were excluded (multi-level
airway stenosis—1, pediatric patients—2, unable to per-
form spirometry—9, non-availability of data—35, bronchial
asthma—1, smokers and chronic obstructive pulmonary
disease (COPD), chronic obstructive airway disease—7)
from the study. Bronchial asthma, COPD, and smokers who
underwent tracheal reconstruction were excluded as the
pO,, pCO,, and pH levels by disease pathology would have
confounded the relative improvement in ABG indices after
tracheal reconstruction, complicating the aim of the study.

Tracheal reconstruction was achieved by proper planning,
the right selection of endotracheal tube (ET), and the pre-
cise location of the involved segment preoperatively with the
help of a CT scan and direct visualization with a fiber optic
bronchoscope. The average ET size that was placed was 6.0
in males and 5.5 in females with stenosis > 50%. The surgi-
cal approach was cervical in upper or middle tracheal lesions
and for lower tracheal lesions a sternal split was undertaken.
In tracheostomized patients, the tracheal stoma along with
the stenotic part was excised. A guardian suture was placed
to keep the anastomosis tension-free and immobilized.

The success of the tracheal reconstruction was defined
in terms of improvement in FEV1, PEF, pO,, pCO,, and
pH giving symptomatic relief with a respiratory rate < 18
per minute and minimal work of breathing. Preoperative

parameters were taken 1 day before the surgery and post-
operative spirometric parameters were taken on the 3rd day
after surgery as the patients were pain-free and non-sedated
to carry out spirometric commands. The normal spirometry
is done in comfortable sitting posture without neck flexion,
but in these study subjects as there was guardian stitch, the
spirometry tests were performed with the flexion of the neck.
The first 2 attempts were difficult for most of the patients
and were suboptimal, but were performed successfully by
all the study subjects as the mouth piece of the spirometer
was hand-held. All the ABG data was collected on room air
just before performing spirometry on the 3rd postoperative
day. FEV1 and PEF less than 80% of the predicted were
considered abnormal.

Statistics

The data were analyzed using the Statistical Package for
the Social Sciences (SPSS) (Armonk, NY) software, version
21. Demographic profile; the preoperative indices FEV1-1,
PEF-1, pH-1, pO,-1, and pCO,-1; and postoperative indices
FEV1-2, PEF-2, pH-2, pO,-2, and pCO,-2 were tested with
a paired sample #-test. The level of significance was set at a
P value <0.05.

Results

There were 37 males (60.66%) and 24 females (39.34%)
in the study population. The number of days of intubation
ranged from 12 to 56 days with a mean of 28 days for tid-
ing over the crisis of the primary disease which culminated
into tracheal stenosis. The mean tracheal stenotic length
was 37 mm and the mean excised tracheal length measured
42 mm. The mean age of presentation was 41.84 years. The
percentage of stenosis ranged from 52 to 94% with a mean
of 70.67% (Table 1).

On-table extubation was possible in 60 patients (98.36%)
and 1 patient (1.64%) had delayed extubation due to prior

Table 1 Descriptive statistics of numerical variables

Mean +SD
Age 41.84+12.57
Weight (kg) 60.21+8.48
Height (cm) 155.30+7.53
Body mass index (kg/m?) 24.92+2.72
No. of days of intubation 28.10+9.64
Stenotic percentage 70.67+10.32
Stenotic length (mm) 37.18+10.53
ETS length (mm) 42.02+10.84

SD standard deviation, ETS excised tracheal stenosis
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history of traumatic bilateral recurrent laryngeal nerve palsy.
There was 1 mortality (1.64%) in this study on the Sth post-
operative day, which occurred due to sudden aspiration.
Wound infection occurred in 2 patients (3.28%) and glottic
dysfunction was reported in 2 patients (3.28%). The etiology
of 58 cases (95.08%) in this case series of tracheal stenosis
was prolonged intubation due to medical causes and 3 cases
(4.92%) were polytrauma patients who needed prolonged
ventilation. Sixteen patients (26.23%) with tracheal steno-
sis had a history of prior tracheostomy. Fifty-four patients
(88.52%) were treated surgically by resection of the sten-
otic part followed by end-to-end anastomosis of the trachea,
while 7 patients (11.47%) required an extensive tracheal
resection by the same team of thoracic surgeons. The cervi-
cal approach was undertaken in most of the patients with an
extension of incision as per the requirement for adequate
laryngeal release, and one patient had a cervicomediastinal
approach.

The preoperative and postoperative values of the study
variables (pH, pO,, pCO,, PEF, FEV1) were compared and
found that all the study variables showed improvement in
the postoperative period, which was statistically significant
(P value <0.001) (Table 2).

Discussion

Tracheal reconstruction is one of the most challenging
surgeries in thoracic surgery. The success of the surgery
was assessed by symptomatic relief by the patient, which
was subjective, or by a spirometric assessment, which
again was dependent on many patient-related factors like

Table 2 Preoperative and postoperative comparison of outcome vari-
ables

Mean +SD P
pO,-1 mmHg 80.00+7.15 <0.0001
pO,-2 mmHg 96.7+2.24
pCO,-1 mmHg 55.3+7.70 <0.0001
pCO,-2 mmHg 34.7+6.04
pH-1 7.3+0.07 <0.0001
pH-2 7.4+0.08
FEV1-1 (I/s) 1.7+0.46 <0.0001
FEV1-2 (I/s) 3.4+045
PEF-1 (I/s) 2.3+0.69 <0.0001
PEF-2 (I/s) 4.6+0.92

FEVI-1, preoperative forced expiratory volume; PEF-1, preopera-
tive peak expiratory flow; pH-1, preoperative pH; pO,-1, preoperative
pO,; pCO,-1, preoperative pCO,; and postoperative indices: FEVI-2,
postoperative forced expiratory volume; PEF-2, postoperative peak
expiratory flow; pH-2, postoperative pH; pO,-2, postoperative pO,;
pCO,-2, postoperative pCO,

consciousness, understanding of the procedure, and the
feasibility of performing the procedure. The authors have
therefore selected to measure preoperative and postopera-
tive ABG indices along with the spirometric data and veri-
fied whether the improvement in spirometric data was being
translated in an improvement in ABG and employed ABG
as a surrogate marker for the assessment of surgical suc-
cess. Improvement in oxygenation and metabolic indices,
as reflected in pO,, pCO,, and pH, indicated reduced work
of breathing and therefore symptomatic relief.

Both ABG and PFT showed improvement post-recon-
struction in this study. Improvement in the PFTs post dilata-
tion [11] and following stent placement [12] have been docu-
mented in the literature. Kandaswamy et al. showed that the
ABG values were lower in the patients with tracheomalacia
before establishing a patent airway with that of age-matched
controls [13]. The present study also showed that the ABG
and other indices were lower in the patients of tracheal ste-
nosis before establishing a patent airway by surgery.

There are a few studies where airflow dynamics have been
used for predicting the need for operative intervention and
also for the management of idiopathic subglottic stenosis,
which showed a good correlation of the spirometric data
in stenotic cases [14, 15]. The present study also showed
a good correlation between spirometric data and the blood
gas indices data which adds strength to the fact that adequate
resection and re-anastomosis give better results in cases
of established tracheal stenosis refractory to conservative
therapies. Hence, ABG can be used as a surrogate marker to
check the adequacy of tracheal reconstruction irrespective
of spirometric performance.

Limitations

The limitation of the study included patients’ variability
in understanding and executing spirometric commands to
perfection in spite of best and repeated explanations and
demonstrations. This limitation could somewhat be mini-
mized as ABG also showed improvement in these patients
accompanied by relief of symptoms. In spite of the authors’
best efforts, long-term follow-up data could not be retrieved
from the available medical records.

Conclusion

Symptomatic relief after tracheal reconstruction is a subjec-
tive phenomenon, whereas objective measurement of airflow
is done by spirometry. Spirometric performance depends on
varied patient-related factors, which limit its credibility as a
stand-alone parameter. Irrespective of patients’ performance
on spirometry, ABG can predict the success of the operation
and can be used as a surrogate marker.
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