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Abstract 

OBJECTIVES: Tracheobronchoplasty is an operation to treat excessive central airway collapse by stabilizing the posterior tracheal mem
brane. In 2020, our institution transitioned from the traditional open approach to the robotic-assisted tracheobronchoplasty in select 
patients. This retrospective cohort study compares postoperative complications and short-term outcomes for patients undergoing open 
versus robotic tracheobronchoplasty at a high-volume complex airway centre.
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METHODS: A retrospective review of all patients who underwent open tracheobronchoplasty (2018–2020) and robotic tracheobronchoplasty 
(2020–2023) was conducted.

RESULTS: During the study period, 43 and 69 patients underwent robotic and open tracheobronchoplasty, respectively. Robotic trache
obronchoplasty had longer median operative times than open (8.4 vs 6.2 h; P ≤ 0.01). Both median intensive care unit (ICU) length of 
stay (1.0 vs 3.0 days, P ≤ 0.01) and hospital length of stay (5.0 vs 7.0 days, P ≤ 0.01) were shorter after robotic tracheobronchoplasty. 
There were no significant differences in major or minor complications, total Clavien–Dindo Score, estimated blood loss, discharge to 
home, and 30-day readmission. The robotic group had two reoperations during the index hospitalization and three conversions to open. 
There were no mortalities in either group. Short-term (3-month) functional and quality-of-life outcomes were equivalent be
tween groups.

CONCLUSIONS: In selected patients with severe and symptomatic excessive central airway collapse, robotic tracheobronchoplasty is a 
safe and feasible alternative to the traditional open approach. Patients undergoing robotic tracheobronchoplasty have shorter ICU and 
total hospital stays with equivalent complication rates. As the robotic approach becomes more prevalent, further comparative outcomes 
are necessary with longer follow-up to ensure durability of the robotic-assisted repair.

Keywords: Robotic-assisted thoracoscopic surgery • Airway surgery • Tracheobronchoplasty • Excessive central airway collapse • 
Tracheobronchomalacia • Excessive dynamic airway collapse

ABBREVIATIONS   

6MWT 6-minute walk test  
BMI Body mass index  
CD Clavien–Dindo score  
COPD Chronic obstructive pulmonary disease  
CQLQ Cough-Specific Quality-of-Life Questionnaire  
CT Computed tomography  
EBL Estimated blood loss  
ECAC Excessive central airway collapse  
EDAC Excessive dynamic airway collapse  
FEV1 Forced expiratory volume in 1 second  
GERD Gastroesophageal reflux disease  
ICU Intensive care unit  
LMSB Left mainstem bronchus  
LOS Length of stay  
mMRC Modified Medical Research Council Dyspnoea 

scale  
OSA Obstructive sleep apnoea  
oTBP Open tracheobronchoplasty  
PFT Pulmonary function testing  
rTBP Robotic tracheobronchoplasty  
SGRQ St George Respiratory Questionnaire  
TBM Tracheobronchomalacia  
TBP Tracheobronchoplasty 

INTRODUCTION

Excessive central airway collapse (ECAC) encompasses a spectrum 
of central airway pathology, including tracheobronchomalacia 
(TBM) and excessive dynamic airway collapse (EDAC). Both TBM 
and EDAC are characterized by excessive collapse of the central air
ways during expiration. While TBM exhibits weakening and subse
quent loss of curvature of the anterior airway cartilage, EDAC 
primarily involves increased laxity of the posterior tracheal mem
brane [1]. Patients with ECAC can experience significant respiratory 
symptoms affecting quality of life (QOL), such as barking cough, 
dyspnoea, recurrent respiratory infections, and/or inability to clear 
secretions [2]. The epidemiology of ECAC remains incompletely 
understood and is believed to be an underrecognized driver of 
breathing symptoms, which are often attributed to other more rec
ognized diagnoses such as asthma and chronic obstructive 

pulmonary disease (COPD) [3]. The prevalence may be as high as 
3.1% in the general population [4]. The aetiology of ECAC is likely 
multifactorial. It can present secondary to underlying congenital 
conditions or acquired due to an acute injury as seen in prolonged 
tracheostomy or chronic damage to the central airways seen in 
COPD [5–7]. Diagnosis is established using dynamic CT and dynam
ic bronchoscopy. The degree of collapse determines the severity: 
collapse of 70–80% is considered mild, 81–90% is moderate, and 
>90% is severe [8]. At our institution, we only consider further 
workup for operative repair with severe disease.

Tracheobronchoplasty (TBP) is the only definitive surgical 
treatment for severe diffuse ECAC (>90% collapse of central air
ways). Traditionally performed open via right thoracotomy, TBP 
involves remodelling the airway using a permanent polypropyl
ene mesh. The mesh is affixed to the posterior aspect of the air
way using partial-thickness permanent sutures [9]. There is 
increasing evidence that minimally invasive thoracic surgery, 
including robotic-assisted techniques, decreased mortality, 
length of stay (LOS), and overall complication rates [10]. In 2015, 
Lazar et al. described the technique for the first robotically 
assisted bilateral bronchoplasty [11]. In 2019, Lazzaro et al. pub
lished the first series of patients undergoing robotic TBP (rTBP) 
and found the approach to be both safe and effective [12]. Our 
institution implemented rTBP in 2020 in select patients, and a 
review of the first 43 patients demonstrated safety of the robotic 
repair with no 90-day mortalities and an acceptable rate of re
spiratory complications. This study aims to compare the postop
erative complications and short-term outcomes between open 
and robotic TBP in patients with severe ECAC.

PATIENTS AND METHODS

Ethical statement

This study was approved by the Beth Israel Deaconess Medical 
Center Institutional Review Board (Protocol 2023P000957, approval 
11/14/2023).

Patients and selection

A retrospective review was conducted of a prospectively main
tained database to identify all patients who underwent open 
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TBP (oTBP) from 2018 to 2020 and rTBP from 2020 to 2023 for 
severe ECAC. In selecting our two groups, we examined patients 
undergoing open TBP before the introduction of the robotic ap
proach at our institution (pre-2020) to reduce surgeon-specific 
selection bias. Inclusion criteria included all patients who under
went open (2018–2020) and robotic TBP (2020–2023) during the 
study period. Exclusion criteria included patients undergoing 
reoperation after a previous TBP and cases of cervical tracheo
plasty, an operation involving resection and reconstruction of 
only the cervical trachea.

Severe ECAC is defined as complete or near-complete col
lapse (>90%) of the trachea and bilateral bronchi. Patients 
underwent an extensive workup after their diagnosis to deter
mine their eligibility for operative repair [13–15]. Our clinical 
flowsheet outlining our algorithm for selection of patients for 
TBP can be seen in Fig. 1. After optimization of comorbid condi
tions, patients undergo a short-term airway stent trial to assess 
improvement in their symptoms after endoscopic stabilization. 
Patients who have subjective and objective improvement with 
the stent trial are considered for definitive repair with TBP.

Outcomes of interest

The primary outcomes were postoperative complications strati
fied into major and minor by the Clavien–Dindo (CD) score. 
Secondary outcomes included operative time, estimated blood 
loss (EBL), hospital and intensive care unit (ICU) LOS, reoperation 
rate, discharge disposition, 30-day readmission, and change in 
subjective QOL scores and 6-minute walk test (6MWT) 
at 3 months.

Considerations for approach

The surgical approach, robotic or open, was determined inde
pendently by the two experienced airway surgeons. The criteria 
currently employed to determine candidacy for a robotic ap
proach are evolving. Currently, both surgeons offer the rTBP 
only to patients with EDAC because this pathology requires less 
posterior airway tension and downsizing to remodel the airway. 
The TBM pathology, in contrast, requires additional tension to 
plicate the cartilage edge to the mesh during suturing because 
of the weakened tracheobronchial cartilage. This is achieved by 
placing the rows of suture closer together and under greater ten
sion. For these reasons, for our initial patient cohort, we fav
oured the open approach for patients with TBM and the robotic 
approach for patients with EDAC.

Functional and quality-of-life testing

Patients were evaluated with both physiologic assessment and 
scored with standardized QOL questionnaires before the pro
cedure, during the stent trial, and at follow-up outpatient clinic 
visits. Physiologic assessments included pulmonary function tests 
(PFTs) and the 6MWT [16]. Standardized validated questionnaires 
were used to evaluate functional impairment due to dyspnoea 
from respiratory disease [Modified Medical Research Council 
(mMRC) Dyspnoea Scale], respiratory-impacted QOL [St George 
Respiratory Questionnaire (SGRQ)], and cough-specific QOL 
[Cough Quality-of-Life Questionnaire (CQLQ)] [17–19]. For the 
study, preoperative and 3-month postoperative assessments 
were examined.

Figure 1: Clinical flowsheet outlining our algorithm for selection of patients for tracheobronchoplasty.
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Surgical techniques

The goal of TBP is to stabilize the posterior trachea and bronchi 
by affixing a polypropylene mesh to the posterior membrane 
and cartilage edges at the tracheobronchial angle. By reducing 
the posterior width of the airway, the mesh can plicate the re
dundant membrane for EDAC and splint open the weak, collaps
ible cartilage for TBM. The mesh is secured with interrupted 
partial thickness 4-0 permanent sutures (Prolene®, Ethicon, 
Raritan, NJ, USA) for oTBP and Ethibon® (Ethicon, Raritan, NJ) 
for rTBP. These sutures are placed in rows of four across the tra
chea and three in the bronchi in increments of 5–7 mm. The 
rows are continued proximally to the thoracic inlet and distally 
to the distal bronchus intermedius and distal left mainstem 
bronchus (LMSB). The goal is to cover the entire intrathoracic 
airway up to the inlet and down to the secondary carina on 
each side.

While the robotic approach is generally similar to the open 
approach, there are several fundamental differences. The tech
nique for the traditional oTBP approach via right thoracotomy 
has been previously described [9]. The Intuitive Surgical Da Vinci 
Xi

TM 

(Intuitive Surgical Inc., Sunnyvale, CA, USA) system was used 
for all cases. In contrast to the open approach where one ‘Y’- 
shaped piece of mesh is cut from direct measurement after ex
posure, three pieces of polypropylene mesh are cut based on 
transverse dimension measured on coronal CT for the robotic. 
The surgeon decides if any downsizing is needed, and the mesh 
is cut 4 mm wider to provide a small buffer during suture place
ment. Four 8-ml robotic ports and one 12 mm AirSeal® 

(ConMed, Utica, NY, USA) assistant port are used (Fig. 2). 
Overview and operative key points are available in Video 1.

Statistics

Continuous data are presented as median and interquartile 
range. Nonparametric continuous data were compared using 
the Wilcoxon signed-rank test. Categorical data are presented as 
n (%). Categorical data were compared using Fischer’s exact test. 
Threshold for statistical significance was set at <0.05. All analy
ses were conducted, and graphs were created in R (R version 
4.4.3, http://www.r-project.org). The ggplot package was used 
for creation of figures [20].

RESULTS

All patients who underwent open TBP (2018–2020) and robotic 
TBP (2020–2023) were reviewed. During the study period, 70 
and 43 patients underwent open TBP and rTBP, respectively. Of 
these, one patient in the open TBP group was a reoperation and 
excluded from the study. There were no reoperations in the ro
botic group.

Baseline demographics were compared between the open 
TBP and robotic TBP groups. The median age (58 vs 61 years), fe
male sex (74% vs 60%), white race (91% vs 98%), and BMI (32.0 
vs 32.5 kg/m2) were similar between the two groups. All patient 
demographics and selected comorbidities appear in Table 1. 
Notably, there were fewer patients in the open group with ASA 
≥4 (3% open vs 16% robotic, P¼ 0.03), although there was no 

statistical difference in the Charlson Comorbidities Index (3.0 
open vs 4.0 robotic, P¼ 0.34). The most common comorbidities 
in both groups were gastroesophageal reflux disease, obstructive 
sleep apnoea, and asthma.

Patients undergoing robotic TBP had approximately 2 h lon
ger median operative times than open TBP (6.2 vs 8.4 h; P ≤ 
0.01). ICU LOS was 2 days shorter (3.0 vs 1.0 days, P ≤ 0.01), and 
hospital LOS was 2 days shorter (7.0 vs 5.0 days, P< 0.01) after 
rTBP compared to open. There were no significant differences in 
EBL (150 vs 150 ml, P¼ 0.4), discharge to home (84% vs 88%, 
P¼ 0.59), and 30-day readmission (19% vs 19%, P¼ 1.0). There 
were two reoperations during the index hospitalization in the 
robotic group: one for haemothorax requiring washout and the 

Figure 2: Port site schematic for robotic tracheobronchoplasty. Four 8-mm ro
botic ports and one 12-mm assistant port are placed in a ‘J’-shaped 
configuration.

Video 1: Video overview of operative techniques and key points during robot
ic tracheobronchoplasty.
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second for severe subcutaneous emphysema requiring blow
hole. There were no mortalities in either group.

Four patients (9%) in the robotic group had significant intrao
perative events, with three (7%) requiring conversion to open. 
All patients requiring conversion to open were analysed in the 
robotic group. One patient had a cardiac arrest intraoperatively 
requiring cardiopulmonary resuscitation with return of spontan
eous circulation. The operation was completed successfully with
out conversion to open. The reasons for the three conversions 
are as follows:

1. There was an iatrogenic injury to the LMSB. Conversion was 
necessary due to the location on the posterior wall of the dis
tal LMSB. 

2. There was a witnessed iatrogenic LMSB airway perforation 
caused by overinflation of the bronchial cuff after readvance
ment of the endotracheal tube. The bronchial cuff perforated 
the LMSB, causing separation of the membrane along the en
tire length of the LMSB. 

3. Patient had persistent hypercarbia despite multiple periods of 
bilateral lung ventilation requiring conversion to open to pro
ceed with the operation safely. 

Amongst the 21 examined postoperative complications, there 
was no statistical difference in any (Table 2). Specifically, there 
were no differences between the incidences of respiratory com
plications such as respiratory infection (pneumonia/bronchitis), 

need for postoperative bronchoscopy, intubation >48 h, or 
need for reintubation postoperatively. There were no differences 
in the overall CD score (12.0 open vs 8.7 robotic, P¼ 0.74) and 
after stratification of complications into minor (CD ≤2) (54% vs 
56%, P¼ 0.85) and major (CD ≥3) (19% vs 21%, P¼ 0.81) com
plications between the two groups.

At follow-up in 3 months, both patients who underwent open 
and rTBP had improvements in their 6MWT and all three QOL 
scores (Fig. 3). Decreased score of SGRQ, CQLQ, and mMRC, as 
denoted by a negative change, indicates improvement in symp
toms, while improved distance on 6MWT suggests improved 
physiologic reserve. PFTs have previously not been shown to be 
well correlated with symptomatic improvement, with over one- 
fifth of patients displaying normal spirometry testing despite se
vere symptoms on diagnosis [21]. Again, we see an equivocal 
change in forced expiratory volume in 1 second at the 3-month 
follow-up. The two groups did not have statistically different 
outcomes to each other in terms of improvements in their QOL 
scores or 6MWT (Table 3).

DISCUSSION

This study shows that in highly selected patients with severe and 
symptomatic EDAC, robotic TBP is a safe and feasible alternative 
to the traditional open approach. Patients undergoing rTBP have 
shorter ICU and hospital stays, with equivalent complication 
rates and reported short-term QOL improvements as the trad
itional open approach.

Currently, we see that the first series of robotic cases require 
longer operative times than the open approach, an already long 
and complex surgery. However, as we have become more adept 
at the rTBP approach, our efficiency has improved, and opera
tive time continues to improve (unpublished data).

The technical benefits of robotic platforms are multifold. 
Appropriate retraction and magnified views provide the surgeon 
with improved visualization and exposure critical for this oper
ation. The enhanced range of motion with the robotic instru
ments can facilitate precise suture placement with scaled 
motion. Furthermore, the ergonomic benefit of robotic ap
proach for the surgeon during multi-hour cases such as TBP can
not be understated [22].

The shorter ICU and hospital stay seen in the robotic group is 
an important factor to examine when exploring the surgical out
comes of the financial burden on both the patient and the facil
ity [23]. In our study, we see that patients are able to leave the 
ICU 2 days and the hospital 2 days earlier than the open group. 
With the implementation of enhanced recovery pathways after 
TBP, we anticipate that ICU and hospital stays will fur
ther shorten.

During the hospital stay, our study found that patients under
going rTBP have equivalent rates of complications as the open 
group. There were no differences in the overall CD score or after 
stratification of complications into minor and major complica
tions between the two groups. However, we do expect that with 
experience, we will see a lower rate of complications in the ro
botic group.

One other institution has completed a case series exploring 
early robotic TBP outcomes. Lazzaro et al. published a case ser
ies of the first 42 patients undergoing rTBP, in which they 

Table 1: Demographic profile and procedure-specific outcomes

Variable Open 
group 

(n¼ 69)

Robotic 
group 

(n¼ 43)

P-value

Age, years 58 (15) 61 (19) 0.47
Female sex, n (%) 51 (74%) 26 (60%) 0.15
White race, n (%) 63 (91%) 42 (98%) 0.25
BMI, kg/m2 32 (9) 32.5 (7.8) 0.98
ASA ≥4, n (%) 2 (3%) 7 (16%) 0.03�

Comorbidities
Smoking history, n (%) 26 (38%) 22 (51%) 0.24
COPD, n (%) 15 (22%) 14 (33%) 0.27
Asthma, n (%) 46 (67%) 33 (77%) 0.29
OSA, n (%) 43 (62%) 33 (77%) 0.15
GERD, n (%) 56 (81%) 41 (95%) 0.04�

Steroids at time of surgery, n (%) 16 (23%) 12 (28%) 0.66
Charlson Comorbidities Index 3 (2) 4 (3) 0.34

Intraoperative
Operative time, hours 6.2 (1.2) 8.4 (2.4) <0.01�

EBL, ml 150 (150) 150 (225) 0.40
IVF, ml 2200 (800) 2800 (1450) 0.02�

Conversion to open, n (%) 3 (7%)
ICU LOS, days 3 (2) 1 (2.5) <0.01�

Hospital LOS, days 7 (3) 5 (4) <0.01�

Discharge disposition, home, n (%) 58 (84%) 38 (88%) 0.59
30-day readmission, n (%) 13 (19%) 8 (19%) 1

Presented as median (IQR) or n (%).
�P < 0.05
ASA: American Society of Anesthesiologists Score; BMI: body mass index; 
COPD: chronic obstructive pulmonary disease; EBL: estimated blood loss; 
GERD: gastroesophageal reflux disease; ICU: intensive care unit; IVF: intra
venous fluid; IQR: interquartile range; LOS: length of stay; OSA: obstructive 
sleep apnoea.
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Table 2: All complications and aggregate and stratified CD score

All complications Open group (n¼ 69) Robotic group (n¼ 43) P-value

Delirium, n (%) 5 (7%) 4 (9%) 0.73
Mechanical ventilation >24 h, n (%) 7 (10%) 4 (9%) 1
Bronchoscopy postoperative, n (%) 10 (14%) 5 (12%) 0.78
Reintubation, n (%) 2 (3%) 2 (5%) 0.64
Pneumonia/bronchitis, n (%) 4 (6%) 6 (14%) 0.18
Recurrent laryngeal nerve injury, n (%) 2 (3%) 4 (9%) 0.2
Air leak >2 days, n (%) 1 (1%) 1 (2%) 1
Chylothorax, n (%) 0 (0%) 0 (0%) 1
Postoperative bleeding requiring takeback, n (%) 0 (0%) 1 (2%) 0.38
Empyema, n (%) 0 (0%) 0 (0%) 1
Airway abscess, n (%) 0 (0%) 0 (0%) 1
Exposed mesh, n (%) 0 (0%) 0 (0%) 1
UTI, n (%) 7 (10%) 1 (2%) 0.15
AKI, n (%) 5 (7%) 4 (9%) 0.73
Atrial fibrillation, n (%) 11 (16%) 6 (14%) 1
Cardiac arrest, n (%) 0 (0%) 1 (2%) 0.38
Effusion requiring drainage, n (%) 1 (1%) 2 (5%) 0.56
VTE/PE, n (%) 1 (1%) 1 (2%) 1
Sepsis, n (%) 0 (0%) 1 (2%) 0.38
C. Diff, n (%) 1 (1%) 1 (2%) 1
Brachial plexus injury, n (%) 0 (0%) 1 (2%) 0.38
In-hospital mortality, n (%) 0 (0%) 0 (0%) 1
Mortality at 30 days, n (%) 0 (0%) 0 (0%) 1
Mortality at 90 days, n (%) 0 (0%) 0 (0%) 1
Reoperation within 30 days, n (%) 0 (0%) 2 (5%) 0.15
Minor complication (CD ≤2), n (%) 37 (54%) 24 (56%) 0.85
Major complication (CD ≥3), n (%) 13 (19%) 9 (21%) 0.81
CD score 12.0 (26.0) 8.7 (29.6) 0.74

Presented as median (IQR) or n (%).
AKI: acute kidney injury; C. Diff: Clostridium difficile; CD: Clavien–Dindo score; IQR: interquartile range; PE: pulmonary embolism; UTI: urinary tract infection; 
VTE: venous thromboembolism.

Figure 3: Patient outcome measures at baseline and 3 months. Decreased score of SGRQ, CQLQ, and mMRC denotes improvement in symptoms, while improved 
distance on 6MWT denotes improved physiologic reserve. CQLQ: Cough-Specific Quality-of-Life Questionnaire; FEV1: forced expiratory volume; L/min: litres per mi
nute; mMRC: modified Medical Research Council; SGRQ: St George Respiratory Questionnaire; 6MWT: 6-minute walk test.
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reported a minor complication rate of 26% and a major complica
tion rate of 19%, as compared to our reported minor complication 
rate of 56% and major complication rate of 21% [12]. It is unclear 
what accounts for this difference, but certainly, selection criteria and 
the evaluation process for TBP differ across institutions, which makes 
direct comparisons and a multi-institutional study challenging. 
Additionally, the relatively high rate of major complications of this 
complex procedure at our institutions serves as a reminder that the 
procedures should be completed by experienced surgeons in speci
alized centres. Similarly, to our study, they found improvements in 
the SGRQ from baseline at 3 months, although other QOL measures 
such as mMRC and CQLQ were not used.

This study has important limitations to consider. First is the retro
spective nature of the study. Currently, we enrol patients undergoing 
TBP for ECAC prospectively, and no randomization is applied as all 
qualified patients undergo operative fixation. In addition, patients 
who underwent rTBP were highly selected by the surgeons, which 
can introduce selection bias. To mitigate this bias in the open group 
after 2020, we only included open TBPs occurring before the intro
duction of rTBPs. However, one selection criterion for undergoing 
robotic TBPs was diagnosis of EDAC, rather than TBM. Currently, 
there are no data that explore the impact of the anatomic differen
ces between these pathologies on surgical outcomes. Furthermore, 
the small sample size limited conducting analyses adjusted for po
tential confounders, and there are likely clinically relevant differences 
that were not statistically significant. As we continue patient recruit
ment, the next steps include an analysis of the larger patient cohort 
with longer follow-up.

CONCLUSION

As diagnostic technology improves, ECAC is an increasingly 
identified pathology causing severe functional impairment for 

patients. The true prevalence of ECAC is unknown but is current
ly likely underdiagnosed and undertreated [4]. There are many 
challenges remaining in the treatment of ECAC. Patient selection 
is a key part of identifying patients who may benefit from TBP 
and determining the appropriate operative approach. 
Additionally, the minimally invasive robotic approach may fur
ther provide an option for patients who were previously ineli
gible for oTBP. As the robotic approach becomes more 
prevalent, further studies on comparative outcomes are critical 
at longer-term follow-up to ensure the fidelity of the repair is 
durable. Looking forward, robotic TBP appears to be a promising 
technical improvement in the management of ECAC.
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Table 3: Patient outcome measures at baseline and 3 months

Outcomes  
(n ¼ baseline, 3 months)

Baseline  
(SD)

3-month  
change (SD)

P-value

SGRQ
Open (n¼ 56, 23) 69 (15.1) −18.6 (24.8) 0.33
Robotic (n¼ 38, 15) 65.7 (15.8) −11.6 (16.9)

CQLQ
Open (n¼ 55, 22) 68 (12.6) −9.7 (14.3) 0.59
Robotic (n¼ 38, 15) 68.8 (14.5) −7.9 (13.3)

mMRC
Open (n¼ 66, 29) 2 (1.0) −0.54 (1.1) 0.63
Robotic (n¼ 41, 18) 2.4 (1.0) −0.78 (1.0)

6MWT, feet
Open (n¼ 67, 38) 1253 (377.9) þ148.6 (259.0) 0.30
Robotic (n¼ 38, 16) 1178 (420) þ119.3 (404.1)

FEV1, L/min
Open (n¼ 69, 38) 2 (0.56) −0.09 (0.29) 0.18
Robotic (n¼ 41, 16) 2.1 (0.86) −0.01 (0.51)

Decreased score of SGRQ, CQLQ, and mMRC denotes improvement in 
symptoms, while improved distance on 6MWT denotes improved physio
logic reserve.
CQLQ: Cough-Specific Quality-of-Life Questionnaire; FEV1: forced expira
tory volume; L/min: litres per minute; mMRC: modified Medical Research 
Council; SD: standard deviation; SGRQ: St George Respiratory 
Questionnaire; 6MWT: 6-minute walk test.
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