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Objective: Herein, we will summarize the most recent adult tracheobronchoplasty outcome data available. 
We hope this review will encourage others to report their outcome data and allow clinicians to design 
studies that capture previously reported outcome measures, so that novel and established therapies can be 
appropriately evaluated. 
Background: Excessive central airway collapse (ECAC) consists of excessive dynamic airway collapse 
(EDAC) and severe tracheobronchomalacia (TBM), two aberrant pulmonary physiologies that refer to 
the inappropriate movement of the central airway. Typically, EDAC involves the abnormal movement of 
the posterior membrane, while TBM relates to changes in the cartilaginous portion of the trachea. All can 
cause debilitating respiratory symptoms. In general, these symptoms can mimic or overlap with common 
pulmonary diseases such as asthma and chronic obstructive pulmonary disease likely making diagnosis of 
ECAC underreported. Although screening protocols for ECAC are non-existent, once diagnosed, surgical 
intervention or tracheobronchoplasty can be offered to highly selected patients at centers with complex 
airway disease expertise. The preoperative evaluation of patients requires a multi-disciplinary approach. 
Comorbid conditions are then optimized, and patients with persistent symptoms that are surgical candidates 
often undergo a temporary stent trial over the course of 1–2 weeks to assess improvement of subjective 
and objective parameters. This process can help determine if a tracheobronchoplasty is likely to offer 
symptomatic relief. The scope of this review is to compile the recent data in severe adult TBM. 
Methods: A narrative review through the PubMed (MEDLINE) database was performed using the 
keyword tracheobronchoplasty. Non-pediatric studies pertaining to perioperative, subjective, and objective 
outcomes after tracheobronchoplasty for severe symptomatic TBM in adults published between 2010–2020 
were retained. Single patient case reports were excluded. Six publications from two institutions met inclusion 
criteria.
Conclusions: Almost half of the patients that undergo tracheobronchoplasty for severe symptomatic 
TBM will experience a perioperative complication (minor or major) regardless of operative approach. With 
appropriate patient selection, authors have demonstrated improvement of patient reported, objective, and 
functional outcomes. Current literature is limited to single center retrospective reviews from two institutions. 
More data can refine the current treatment paradigms and establish improved outcome metrics. 
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Introduction

Excessive central airway collapse (ECAC) can cause a 
plethora of symptoms including a barking cough, shortness 
of breath, inability to clear secretions, and recurrent 
respiratory tract infections. Except in rare cases of extreme 
pulmonary collapse where patients are left gasping for air, 
ECAC typically represents a non-life-threatening quality 
of life (QOL) problem. Associated symptoms can mimic or 
overlap with commonly recognized diseases such as asthma 
and chronic obstructive pulmonary disease (COPD). The 
true prevalence of symptomatic ECAC (TBM) remains 
unknown, but it is almost certainly under-diagnosed as 
screening data is non-existent (1). The cause remains 
elusive, although it is associated with gastroesophageal 
reflux disease (GERD) (2,3) and high dose inhaled 
corticosteroids (4). Over the past decade, interest in this 
disease has grown and is reflected in the increased number 
of publications available in recent literature. We aim to 
review the available literature regarding the outcomes of 
tracheobronchoplasty (TBP) for severe symptomatic TBM 
during the perioperative period and beyond.

Reviewing the available data is a challenge due to highly 
variable follow-up intervals and a broad array of metrics. 
In addition, patients that are lost to follow up, undoubtedly 
impedes long-term outcome reporting. Furthermore, 
there are no validated QOL measurement scales specific 
to TBM. Authors have reported QOL data using existing 
measurement scales that were designed and validated in 
common respiratory diseases such as asthma and COPD 
and served as a QOL surrogate in this population. Despite 
the similarities in clinical presentation, it is unclear if this is 
an accurate way to report QOL data for patients with TBM. 
We present the following article in accordance with the 
Narrative Review reporting checklist (available at https://
jovs.amegroups.com/article/view/10.21037/jovs-21-10/rc).

Methods

A narrative review through the PubMed (MEDLINE) 
d a t a b a s e  w a s  p e r f o r m e d  u s i n g  t h e  k e y w o r d 
tracheobronchoplasty. Non-pediatric studies pertaining 
to perioperative, subjective, and/or objective outcomes 
after tracheobronchoplasty for severe symptomatic TBM 
in adults published from 2010–2020 were retained. Single 
patient case reports were excluded. Six publications from 2 
institutions met inclusion criteria. These publications are 
limited to single center retrospective reviews from Lenox 

Hill Hospital in New York, New York (1 publication) 
and Beth Israel Deaconess Medical Center in Boston, 
Massachusetts (5 publications).

Results

Perioperative outcomes

Tracheobronchoplasty is a complex and laborious procedure 
that requires appropriate patient selection, in-hospital 
resources, and a multidisciplinary care team approach. 
Generally speaking, post-operative outcomes are impacted 
by patient comorbidities and operative modalities. We 
will discuss the 2 most recent TBP perioperative outcome 
manuscripts in detail (5,6) (Table 1). Both institutions 
stratified perioperative complications based on the Clavien-
Dindo classification system (5). This classification grades the 
severity of complications in an objective and reproducible 
manner and delineates outcomes from I to V based on 
divergence from a normal postoperative course. Clavien-
Dindo grade I describes any deviation from a normal post-
operative course without the need of pharmacological 
treatment or surgical/endoscopic/radiologic interventions. 
A class IIIa complication is any problem that requires 
surgical/endoscopic/radiologic interventions that do not 
require anesthesia (7). Thirty- and 90-day outcomes have 
been reported by only 2 institutions over the past decade 
(3,5,6). Both institutions report a significant incidence of 
perioperative complications (45–47%) (Table 1). However, 
Lazzaro et al. reported outcomes on 42 patients that 
underwent a robotic TBP (rTBP) from 2016–2017 while 
Buitrago et al. reported outcomes of 161 patients that 
underwent an open TBP from 2002–2016 (5). Both authors 
further classified their complications as major (Clavien-
Dindo ≥ IIIa) or minor (Clavien-Dindo < IIIa). The most 
common complications reported by these institutions 
were pulmonary in nature and included respiratory failure, 
respiratory infections, pneumothorax, and subcutaneous 
emphysema. To follow, we will discuss perioperative 
complications after TBP in more detail.

The largest series published resulted in a single center 
retrospective analysis of 161 patients that underwent 
TBP f rom October  2002  to  September  2016  a t  
BIDMC (5). The authors found that several preoperative 
factors were associated with an increased risk of post-
operative complications in particular, age (P<0.001), 
coronary artery disease (P=0.003), COPD (P<0001), 
congestive heart failure (P=0.0003), diabetes mellitus 

https://jovs.amegroups.com/article/view/10.21037/jovs-21-10/rc
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(P=0.011), continuous home oxygen requirement (P<0.001), 
and recent treatment (<90) of pneumonia (P=0.014). 
Baseline functional factors that contributed to postoperative 
complications were impaired pulmonary function tests 
(FEV1, FVC; P<0.0001), and diffusion capacity (DLCO; 
P<0.001). The study results showed that 47% of patients 
(75 of 161) experienced a post-operative complication 
while approximately 50% of patients with complications 
were classified as severe (Clavien-Dindo > IIIa). The non-
severe (< IIIa) complications (23%) included postoperative 
respiratory infections, acute kidney injury, recurrent pleural 
effusion, pneumothorax, atrial arrhythmias, urinary tract 
infections, and wound infections. The severe complications 
identified were postoperative bleeding, mesh erosion, 
acute chest wall hernia, rhabdomyolysis, acute kidney 
injury requiring HD, and sepsis. The 30-day mortality in 
this series was 1.2%, with most patients (69%) abled to be 
discharged home or home with VNA by day 8. Although 
limited to 30 days, this study provides a safety assessment 
that can help improve perioperative management in future 
studies.

In addition, Lazzaro et al. at Lenox Hill were able 
to provide compelling data on the benefits of robotic 
tracheobronchoplasty as well create a risk profile using 
the Clavien-Dindo classification (6). They presented 
data from a cohort of 42 patients that underwent robotic 
tracheobronchoplasty with comorbidities similar to the 
BIDMC group. Many patients had asthma (88%), COPD 
(52%), GERD (85%), hypertension (52%), diabetes 
mellitus (26%), and cardiovascular disease (14%). Using the 
Clavien-Dindo classification, Lazzaro et al. had a total of 19 
postoperative complications, with 8 patients having severe 
complications (19%). The minor complications were an 
asymptomatic pneumothorax, self-resolving subcutaneous 
emphysema, pneumonia, and bronchitis. Their Clavien-
Dindo classification IIIa and above complications included 
hemothorax evacuation, pneumothorax and subcutaneous 
emphysema requiring decompression, a return to ICU 
for bronchoscopy and arrhythmia, and a takeback for 

revision at postoperative day 125. This group evaluated 
these complications at a 90-day benchmark and had no 
reintubations, tracheostomies or mortalities. 

In summary, almost half of patients undergoing TBP 
experience a complication in the perioperative period. 
The top 3 complications observed in the open cohort 
from BIDMC were respiratory failure (17%), respiratory 
infection requiring antibiotics (18%), and acute renal failure 
(11%) (5). The top 3 complications in the rTBP cohort 
from Lenox Hill were respiratory infection requiring 
antibiotics (16.7%), pneumothorax or subcutaneous 
emphysema requiring no intervention (9.5%), and 
pneumothorax or subcutaneous emphysema requiring 
intervention (9.5%) (6). Future technological advancements 
and improvement in operative performance may bridge the 
gap between a complex surgery and good outcomes.

Patient-reported outcomes

How do we define ‘success’ when we are treating a 
QOL problem with no validated QOL measurement 
tool?
While TBM remains a non-life-threatening airway 
disease that impacts QOL, existing QOL measurement 
scales have never been validated in patients with TBM. 
This remains an area of interest and ongoing research at 
BIDMC. As evident in Table 2, different QOL scales have 
been employed in this population including the Modified 
Medical Research Council Dyspnea Scale (mMRC), Cough 
Specific Quality of Life Scale (CSQOL), St. George’s 
Respiratory Questionnaire (SGRQ), American Thoracic 
Society (ATS) dyspnea scale (3,6,8-10). In addition, the 
Karnofsky Performance Scale has been used as a self-
reported functional impairment metric. 

Short term self-reported outcomes
Lazzaro et al. reported improvement in SGRQ over a 
median of 2 months (IQR 1-4 months) of follow up in 
15 patients (6). Majid et al. showed an improvement in 

Table 1 Perioperative outcomes after tracheobronchoplasty

First author Institution
Operative 
approach

Inclusion 
years

# patients
Overall perioperative 

complications
Minor 

complications†

Major 
complications†

Buitrago (5) BIDMC Thoracotomy 2002–2016 161 75/161 (47%) 37/161 (23%) 38/161 (24%)

Lazzarro (6) LHH Robotic 2016–2017 42 19/42 (45%) 11/42 (26%) 8/42 (19%)
†, minor complications classified as Clavien-Dindo < IIIa and major complications classified as Clavien-Dindo ≥ IIIa. BIDMC, Beth Israel 
Deaconess Medical Center (Boston, Massachusetts); LHH, Lenox Hill Hospital (New York, New York). 
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the mMRC and CSQOL scales at a mean 3 months of 
follow up in 13 patients (10). In addition, 11/13 (77%) 
reported improved dyspnea and 11/13 reported improved 
cough, 5/6 (83.3%) reported improved ability to clear  
secretions (10). Gangadharan et al. showed an improvement 
in the Karnofsky performance scale, ATS dyspnea score, 
and SGRQ quality of life questionnaire (all P>0.001) (3).

Intermediate and longer-term self-reported outcomes 
Lazzaro et al. noted improvement in self-reported 
symptoms over a median follow up of 13 months  
(IQR 8–15.5 months) including cough (24/33, 72%), 
shortness of breath (19/33, 57%), ability to manage 
respiratory infections (17/25, 68%), ability to “move air” 
while breathing (25/35, 71%), and overall satisfaction with 
the results (29/35, 82%) (6). Bezuidenhout et al. reported 
the intermediate outcomes of 17 patients followed for a 
mean of 1.5 years and showed that 14/17 (82.3%) had self-
reported improvement of symptoms (8). This improvement 
decreased to 11/17 (64.7%) at a longer term follow up of  
6 years (8). 

Objective outcomes

While ECAC (TBM) mainly affects the quality of life, 
finding objective measures to collect that can track the 
success, failure, durability, and other desired outcome 
metrics have proven challenging. Several authors have 
noted that TBM and TBP do not correlate with changes 
in pulmonary function testing and therefore we will not 
review these outcomes in this review. We have summarized 
the most recent literature available in Table 3. Interestingly, 
Lazzaro et al. demonstrated statistically significant 
improvement in median predicted FEV1 (62.5% to 76%; 
P=0.01), median predicted FVC (69.5% to 84%; P<0.0001), 
and median predicted peak expiratory flow (60% to 81%; 
P<0.001) after rTBP. It is unclear if the primary driver is 
the robotic approach or patient selection, however, finding 
objective improvement is applauded (6). 

The 6-minute walk test (6MWT)

Pulmonary function tests are obvious test measures for 
respiratory diseases, however the forced expiratory volume 

Table 2 Patient reported outcomes after tracheobronchoplasty

First author Institution
Inclusion 
years

# patients
Average or median 
follow up (range)

Improvement of symptoms
Patient-reported 
scale demonstrating 
improvement

Bezuidenhout (8) BIDMC 2003–2016 18 1.5 years Overall: 14/17 (82%) –

6 years Overall: 11/17 (65%) –

Ernst (9) BIDMC 2002–2009 21 – – SGRQ, ATS 
dyspnea scale, KPS

Gangadharan (3) BIDMC 2002–2009 33 – – SGRQ, ATS 
dyspnea scale, KPS 

Lazzaro (6) LHH 2016–2017 33 13 months (8 to 15.5) Improved: cough 24/33 (72%), 
SOB 19/33 (57%), respiratory 
infections 17/25 (68%), ability 
to ‘move air’ 25/35 (71%); 
satisfaction with the overall results 
of the procedure: 29/35 (82%)

–

15 2 months (1 to 4) – SGRQ 

Majid (10) BIDMC 2013–2015 13 3 months Improved: dyspnea 10/13 (77%), 
cough 11/13 (85%), secretions 
5/6 (83%)

mMRC and CQLQ

BIDMC, Beth Israel Deaconess Medical Center (Boston, Massachusetts); LHH, Lenox Hill Hospital (New York, New York). HRQOL, health 
related quality of life; SOB, shortness of breath; SGRQ, St. George Respiratory Questionnaire; mMRC, modified Medical Research Council; 
CQLQ, Cough Quality of Life Questionnaire; ATS, American Thoracic Society; KPS, Karnofsky Performance Scale.
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in 1 second (FEV1) does not correlate with the extent of 
TBM or TBP outcomes (3,11). However, using the 6MWT 
as a functional surrogate to document improvement in 
the distance walked after surgery has been described. 
Bezuidenhout et al. showed an increase in the distance 
walked by an average of 50 meters in the intermediate term 
(1.5 years) in 11 patients (8). This improvement decreased 
to 20 meters over a 6-year follow up in the same patient 
cohort (8). Gangadharan et al. reported an increase of  
60 meters on average in a series of 63 patients (3). Lazzaro 
reported an increase in the distance walked by 1.83 meters 
over a median follow up of 5 months in 11 patients after 
rTBP (6). The reason for significant difference in the 
change in 6MWT between operative approaches remains 
unclear. 

Dynamic airway CT and bronchoscopy findings

TBM can be defined with dynamic expiratory CT imaging 
or dynamic bronchoscopy when there is a >70% reduction 
in the tracheal luminal cross-sectional area. However, an 
intervention is typically only considered if the reduction 
reaches ≥80–90% (3,6,8). A helical CT performed in 
the craniocaudal dimension can be used to analyze and 
document this change in the central airway infrastructure. 
To calculate the percentage of luminal collapse, the cross-
sectional area of the airway lumen is measured on end-
inspiratory and dynamic expiratory scans by tracing the 
inner wall of the airway with an electronic tracing tool at 
standard levels (8,12,13). Although dynamic airway CT 
is highly sensitive in evaluating severe airway collapse at 
centers that perform frequent dynamic airway CT scans, 
deficient coaching or suboptimal respiratory effort during 

the exam can produce inaccurate results (14). 
Monitoring the durability of TBP postoperatively 

with serial dynamic airway CT scans and/or dynamic 
bronchoscopy has also been described (8). Bezuidenhout 
et al. were the first to report intermediate (1.5 years) and 
long term (6 years) clinical and radiographic outcomes in 
patients that underwent TBP at BIDMC (8). The authors 
showed that post-operative clinical outcomes correlated 
with CT findings and degree of recurrent collapsibility after 
TBP. Over time, patients symptoms remained improved 
over baseline, but decreased in the long term with reported 
improvement going from 82% to 65%. In addition, 11 of 
the patients had serial 6MWTs performed and this showed 
an increase in the distance walked at 1.5 years of an average 
of 50 meters (±99 m). This decreased to 20 meters (±131 m) 
in the long term. These findings suggest that radiographic 
dynamic airway collapse does correlate with symptom 
recurrence. 

Limitations

This review is limited by the paucity of existing and 
retrospective data that reflect the experience of 2 single 
centers. Therefore, outcomes are subject to selection bias 
and outcomes may not be generalizable. 

Conclusions

TBP remains an arduous procedure that is associated 
with a significant rate of perioperative complications. It 
is clear that subjective and objective outcome measures 
improve after TBP in highly selected patients at centers 
with expertise in TBM. However, outcome reporting after 

Table 3 Objective outcomes after tracheobronchoplasty

First author Institution
Operative 
approach

Inclusion 
years

# patients
Mean 
follow up

6MWT 
improvement

Mean anatomic improvement in 
percentage collapse on surveillance 
dynamic airway CT

Bezuidenhout (8) BIDMC Thoracotomy 2003–2016 18 1.5 years 50 meters (±98)† Upper trachea: 35% (±21)

Lower trachea: 33% (±19)

6 years 20 meters 
(±131)†

Upper trachea: 21% (±20)

Lower trachea: 21% (±17)

Lazzaro (6) LHH Robotic 2016–2017 17 5 months 1.8 meters –
†, this outcome was reported for 11 patients. BIDMC, Beth Israel Deaconess Medical Center (Boston, Massachusetts); LHH, Lenox Hill 
Hospital (New York, New York); CT, computed tomography; 6MWT, 6-minute walk test. 
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TBP remains a challenge for several reasons. First, very 
few centers routinely treat patients with ECAC and are 
able to follow patients longitudinally. Second, physiological 
and anatomic assessments provide significant, but limited 
information of the impact of the disease process on a 
patient’s life and sequalae of central airway stabilization. 
Specifically, there are no current QOL measurement tools 
that have been specifically validated in patients with TBM 
and therefore it is unclear if the scales that have been 
employed are the best way to capture meaningful patient 
reported outcome data. 

Furthermore, until recently, TBP related outcomes have 
been published by only 1 center (BIDMC). We are very 
excited that the team at Lenox Hill Hospital has contributed 
to the literature and we would invite those performing TBP 
nationally to also collect and report their data so that we 
no longer reside in an academic echo chamber. It is unclear 
how many surgeons or centers in the United States are 
treating patients with TBM. The paucity of literature from 
only 2 centers greatly limits our ability to collectively learn 
and improve patient care. 

All of this taken together demonstrates a tremendous 
opportunity for improvement. Now is a perfect time to 
review current outcome metrics for TBP so that centers 
relatively new to treating TBM can track and report their 
results with the common aim of improving patient care. In 
order to improve upon the treatment of TBM, it is important 
that centers collect and track subjective and objective 
outcome measures so that patient care can be optimized in 
the future and newer developing treatment modalities can 
be compared to surgical TBP as the Gold standard. In the 
future, standardizing follow up protocols and outcome data 
reporting across institutions could facilitate meaningful 
advancements in the field. 
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