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ABSTRACT
Introduction Chronic bronchitis (CB), a phenotype 
of chronic obstructive pulmonary disease (COPD) 
characterised by persistent cough and mucus 
hypersecretion, is associated with poor outcomes 
despite guideline- based treatment. Bronchial 
rheoplasty (BR) with the RheOx system delivers 
non- thermal pulsed electric fields to the lower 
airway epithelium and submucosa to reduce mucus 
producing cells. Early phase clinical trials including 
1- year follow- up have demonstrated reduction in 
airway goblet cell hyperplasia and improvement in CB 
symptoms.
Methods The current multicentre observational BR 
study enrolled 21 patients with CB at six centres in 
the USA, with bilateral treatment and 2- year follow- 
up. Entry criteria included elevated cough and sputum 
scores from COPD Assessment Test (CAT) and forced 
expiratory volume in one second<80% predicted. 
Safety was assessed by serious adverse event (SAE) 
incidence through 24 months. Clinical utility was 
evaluated using changes in the CAT, the St. George’s 
Respiratory Questionnaire (SGRQ) and by comparing 
exacerbation rates before and following intervention.
Results No procedure- related or device- related SAEs 
occurred. Mean (SD) changes from baseline in CAT at 
12 and 24 months were −9.0 (6.7) (p<0.0001) and 
−5.6 (7.1) (p<0.0047) and in SGRQ were −16.6 (13.2) 
(p<0.0001) and −11.8 (19.2) (p<0.0227), respectively. 
There was a 34% reduction in moderate and a 
64% reduction in severe COPD exacerbation events 
compared with the year prior to treatment.
Conclusions This study extends the findings from 
previous feasibility studies, demonstrating that BR can 
be performed safely and may significantly improve 
symptoms and health- related quality of life for 
patients with CB through 24 months.
Trail registration number NCT03631472.

INTRODUCTION
Chronic bronchitis (CB) is a phenotype 
of chronic obstructive pulmonary disease 
(COPD) associated with the persistent 
cough and sputum production.1 The pres-
ence of CB in patients with COPD is associ-
ated with poor outcomes including reduced 
quality of life, greater rate of lung function 

decline, more frequent exacerbations and 
increased mortality compared with patients 
with COPD without CB.2 3 The prevalence of 
CB has been reported from 3.4% to 22.0% in 
the general population and up to 74.1% in 
patients with COPD.4–6 CB is associated with 
pathologic presence of airway inflammation, 
goblet cell and mucosal gland metaplasia and 
hyperplasia and altered mucous composition 
leading to mucous accumulation in large 
airways and mucous plugging of peripheral 
airways.7–10 The clinical symptoms and patho-
logic findings of CB may occur independent 
of spirometric airflow obstruction severity.11

While existing maintenance therapies for 
patients with COPD with or without CB have 
demonstrated improvements in lung func-
tion and reductions in exacerbation rate, 
the impact of these therapies is poor with 
respect to cough and sputum symptoms.12 
Because of its heterogeneity, COPD aetiology 
is challenging to define and precision- based 
therapies are needed.13 To this point, while 
CB is defined by patient- reported symptoms, 
few clinical trials have focused on these.14 15 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Chronic bronchitis (CB) in chronic obstructive pul-
monary disease is associated with poor outcomes 
including increased risk of death despite guideline- 
based treatment.

WHAT THIS STUDY ADDS
 ⇒ This study demonstrates that bronchial rheoplasty 
(BR) can be performed safely and may significantly 
improve symptoms and quality of life for patients 
with CB.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
PRACTICE OR POLICY

 ⇒ A randomised controlled trial confirming safety 
and effectiveness of BR may provide an addition-
al and more effective treatment to add to existing 
guidelines.
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Thus, despite guideline- directed medical therapy, many 
patients with CB remain significantly symptomatic.

Bronchial rheoplasty (BR) is a bronchoscopic proce-
dure, intended for patients with a CB phenotype of COPD, 
which uses the RheOx system to deliver a non- thermal 
pulsed electric field (PEF) to the airway epithelium and 
submucosa via an endobronchial catheter electrode. PEF 
induces cell death by disrupting cellular homeostasis, 
leading to processes such as osmotic swelling and apop-
tosis while leaving extracellular matrix components and 
collagenous structures within the treatment zone unaf-
fected.16 17 A proof of concept clinical trial demonstrated 
safety and symptomatic improvement at 1 year.17 Airway 
biopsy studies in this trial supported preclinical studies 
demonstrating regeneration of a normalised epithelium 
with a reduction in goblet cell hyperplasia.17 The current 
multicentre, prospective single- arm observational study 
evaluates the safety and clinical utility of BR in a US 
cohort of CB patients with follow- up through 2 years.

METHODS
Study design
The study is a prospective, multicentre, single- arm clinical 
study conducted in the USA (NCT03631472) in patients 
with moderate- to- severe CB (figure 1). All patients 
provided written informed consent prior to undergoing 
study specific screening (figure 1).

Patients were recruited between November 2018 and 
December 2019 at six study sites. Eligible patients were 
at least 40 years of age, had a smoking history of at least 
10 pack- years and were diagnosed with CB. Key inclusion 
criteria included sum of COPD Assessment Test (CAT) 
question 1 (cough) and question 2 (phlegm) score of ≥7, 

(each question range 0–5), postbronchodilator forced 
expiratory volume in one second (FEV1) from ≥30% to ≤ 
80% predicted and a history of at least one exacerbation 
of any severity in the prior year. To establish a predom-
inantly bronchitic phenotype, baseline high- resolution 
CT (HRCT) scans were performed. Key exclusion criteria 
were emphysema≥20% on HRCT scan, need for daily 
oral steroid use (>10 mg/day), active respiratory infec-
tion at time of procedure, a history of arrhythmia within 
the past 2 years, presence of implanted cardiac devices, 
prior lung surgery, a history of asthma before age 30 years 
and current smoking (within 6 months of treatment). A 
full list of inclusion and exclusion criteria can be found 
in the online supplemental file.

Neither patients nor the public were involved in the 
design, or conduct, or reporting, or dissemination plans 
of this research.

Procedure description
The BR procedure was performed under general anaes-
thesia using a therapeutic bronchoscope with at least 
2.8 mm working channel under direct visualisation. 
The bronchoscope was navigated to the desired treat-
ment area, a catheter with a distal self- expanding basket 
electrode with shape memory was advanced through 
the bronchoscope into the target location, expanded 
to circumferentially contact the airway wall (figure 2) 
and activated via a foot pedal to deliver pulsed electric 
current in synchronisation with the patient’s cardiac 
cycle over 5 s. This process was repeated until all acces-
sible bronchial segments and subsegments of the target 
lung were treated. Both lungs were treated in separate 
sessions, approximately one month apart.

Patients continued to receive standard- of- care pharma-
cologic treatment per institution and society guidelines 
throughout the study. Study follow- up visits are at 1 week 
following each treatment and at 1 month, 3 months, 
6 months, 12 months and annually at years 2–5 following 
the completion of the second BR procedure (online 
supplemental table S–1).

Outcomes
The primary outcome of the study was safety, as assessed 
by the incidence of serious adverse events (SAEs) through 
12 months. Adverse events of interest were death, COPD 
exacerbation requiring hospitalisation, pneumothorax 
within 2 days of procedure, pneumonia within 7 days of 
procedure, respiratory failure or arrhythmia requiring 
intervention. Non- SAEs were also assessed. Events were 
defined as occurring during the treatment recovery 
period if they occurred within 30 days after either treat-
ment. Events thereafter were defined as occurring during 
the 3- month, 6- month, 12- month or 2- year periods which 
were calculated from the second treatment. COPD exac-
erbation rates (excluding the treatment recovery period) 
were also calculated and assessed by severity as defined by 
the 2020 Global Initiative for Obstructive Lung Disease 

Figure 1 Consolidated Standards of Reporting Trials 
diagram. COPD, chronic obstructive pulmonary disease; 
FEV1, forced expiratory volume in one second; HRCT, high- 
resolution CT scan.
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(GOLD) guidelines.15 Preprocedure and postprocedure 
spirometry (FEV1 and forced vital capacity (FVC)) was 
incorporated as an additional safety measure.

The secondary outcome of the study was clinical utility 
as determined by the CAT and the St. George’s Respira-
tory Questionnaire (SGRQ) total scores. Outcome data 
were collected at baseline and at 3, 6, 12 and 24 months 
after the second procedure. Responder rates were 
calculated by using the established minimally clinically 
important difference (MCID) thresholds, a reduction of 
4 points for the SGRQ and 2 points for the CAT.18 19

Other and exploratory outcomes included frequency 
of moderate (outpatient treated) and severe (hospital-
ised) exacerbations and the Cough and Sputum Ques-
tionnaire (CASA- Q). The CASA- Q is specifically designed 
and validated to measure cough and sputum symptoms 
and their impact on patients with CB. The instrument has 
four domains assessing cough symptoms, cough impacts, 

sputum symptoms and sputum impacts. Each domain is 
scored using a 0–100 scale, with lower scores indicating 
worse quality of life.

Statistical methods
Since this is an early feasibility study, sample size was 
targeted for 30 patients based on clinical judgement 
prior to limitations imposed by the pandemic. Descrip-
tive statistics and graphical representations were used to 
summarise the data. For categorical variables including 
adverse events, counts and percentages were calculated. 
For continuous variables, means, SDs and, when appro-
priate, 95% CI for the mean, assuming a normal distri-
bution, were calculated. All calculations were based on 
available data; no imputations or extrapolations were 
made to replace missing values. P values for longitu-
dinal secondary outcome measures (CAT and SGRQ) 
were calculated from a Sign test corresponding to non- 
parametric approach to test whether the median differs 
from zero and CIs are reported. The creation of analysis 
datasets and all statistical analyses were performed using 
SAS V.9.4 (SAS Institute).

RESULTS
Though the sample size was originally set at up to 30 
patients, due to limitations during the pandemic, only 
65 were screened, yielding a total of 21 eligible patients 
who were enrolled (online supplemental table S–2) and 
received treatment (figure 1). Follow- up to 12 and 24 
months after the second study treatment was completed 
for 21 and 20 patients, respectively (figure 1). In total, 
1 patient withdrew prior to completing a 24- month visit 
and 3 patients were unable to complete the 24- month 
follow- up testing due to COVID- 19- related restrictions.

Treated patients had a mean (SD) age of 66.1 (5.2) 
years, a smoking history of 53.6 (39.0) pack- years, post-
bronchodilator FEV1% predicted of 53.3 (15.8) (range 
32–78), CAT Score of 26.9 (4.9) (range 17–34) points 
and SGRQ Score of 60.1 (15.5) (range 26.6–81.0) points, 
indicating a high symptom burden despite most patients 
receiving beta2- agonist and/or long- acting muscarinic 
agonist treatment (90.5%) and/or an inhaled corticoste-
roid (80.9%). In total, 9 patients (42.9%) were GOLD 
stage II and 10 (47.6%) were in GOLD stage III and 2 
patients had preserved ratio impaired spirometry (FEV1/
FVC>0.7 despite FEV1<80% predicted) (table 1).20

All 21 enrolled patients completed both BR treatments 
for a total of 42 procedures. Patients tolerated the proce-
dure well with a mean (SD) of 64.6 (25.0) activations 
applied to each lung (online supplemental table S–3). 
Most patients (15 of the 21 patients; 30 of the 42 proce-
dures; 71%) were discharged from the hospital the same 
day as the procedure. All 12 procedures (6 patients) in 
which patients were held overnight occurred at a single 
centre, reflecting that institution’s standard of care.

Figure 2 Procedural images taken from the bronchoscope 
during a right lung procedure show the RheOx catheter 
during an activation in a subsegment of the right lover lobe 
(A) and then right bronchus intermedius (B).
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Safety assessment
A total of 6 SAEs were reported in 3 patients through 
12 months which included pneumonia,2 COPD exac-
erbation,1 hyponatremia,1 stress cardiomyopathy1 and 
hip fracture.1 An additional 4 SAEs were reported in 
two patients between 12 and 24 months which included 
COPD exacerbation,2 acute pulmonary embolism1 
and worsening dyspnoea1 (table 2). None of the SAEs 
reported were judged by the investigator to be related 
to the investigational device or procedure. No unantici-
pated adverse events were reported.

The most frequently reported non- SAEs through 
12 months (online supplemental table S–4) were COPD 
exacerbation (25 events in 11 patients), cough (15 events 

in 9 patients), wheezing (6 events in 5 patients), sore 
throat (5 events in 5 patients) and headache (6 events in 
4 patients). Of the 25 non- serious COPD exacerbations 
reported through 12 months, 7 were considered mild 
(treated with short acting medication only) and 18 were 
considered moderate (patient was prescribed oral corti-
costeroid, antibiotics or both).

Pulmonary function remained stable throughout the 
follow- up period and there were no significant changes 
from baseline to months 6, 12 and 24 in FEV1 or FEV1/
FVC ratio (online supplemental table S–5).

Clinical utility
Statistically significant changes in patient symptoms 
and health- related quality of life were observed at all 
timepoints. Mean (SD) changes in CAT from baseline 
to months 6 and 12 were −7.6 (5.1) points (p<0.0001) 
and −9.0 (6.7) points (p<0.0001), respectively (figure 3). 
Mean (SD) change in CAT from baseline to month 24 
for the 17 patients who completed a questionnaire at 
the 24- month visit was −5.6 (7.1) points (p=0.005). Mean 
(SD) change in SGRQ from baseline to 12 months was 
−16.6 (13.2) points (p<0.0001) depicted in figure 3. 
Mean (SD) change in SGRQ from baseline to month 24 
for the 17 patients who completed the 24- month visit was 
−11.8 (19.2) points (p=0.0227). Responder rates for the 
CAT and SGRQ at 12 months were each 85.7% (18 of 
the 21). At 24 months responder rates for the 17 patients 
who completed the visit were 64.7% (11/17) and 58.8% 
(10/17) for CAT and SGRQ, respectively.

For the CASA- Q, at 12 months, cough impacts improved 
by a mean (SD) 31.7 (23.1) points (p<0.0001), cough 
symptoms improved 29.3 (20.3) points (p<0.0001), 
sputum impacts improved 28.8 (22.2) points (p<0.0001) 
and sputum symptoms improved 25.0 (21.2) points 
(p<0.0001) (online supplemental table S–6). At 24 
months, cough impacts improved by a mean (SD) 25.5 
(26.5) points (p=0.0011), cough symptoms improved 
23.5 (24.9) points (p=0.0013), sputum impacts improved 
23.1 (28.6) points (p=0.0042) and sputum symptoms 
improved 14.0 (22.0) points (p=0.0223) (online supple-
mental table S–6).

Exacerbation rates are provided in table 3. At base-
line, moderate and severe COPD exacerbation rates, 
defined as the number of events per patient per year of 
follow- up, were 1.05 (SD 1.66) and 0.14 (0.36), respec-
tively, in the 12 months prior to the treatment. Through 
12 months following treatment, COPD exacerbation 
rates were 0.69 (1.33) and 0.05 (0.25), respectively, 
excluding the treatment recovery period, representing 
a relative reduction of 34% for the moderate COPD 
exacerbation rate and a relative reduction of 64% for 
the severe COPD exacerbation rate. Event rates in the 
12- month to 2- year period also demonstrated reduc-
tions in moderate and severe COPD exacerbation rates 
from baseline.

Table 1 Baseline demographics, clinical characteristics 
and medications

Variable Value (n=21 patients)

Age (years) 66.1 (5.2)

Male, n (%) 12 (57.1)

BMI (kg/m2) 31.7 (4.5)

Smoking history (pack- years) 53.6 (39.0)

FEV1% predicted* 53.3 (15.8)

FEV1/FVC* 51.2 (14.3)

Airflow obstruction†, n (%)

  GOLD II 9 (42.85)

  GOLD III 10 (47.6)

RV% predicted* 137.2 (44.3)

RV/TLC* 48.9 (8.2)

% emphysema (−950 HU) 4.8 (5.2)

6MWT (m) 298.8 (83.5)

CAT total score 26.9 (4.9)

CAT phlegm score 3.8 (0.7)

CAT cough score 3.9 (0.9)

SGRQ total score 60.1 (15.5)

COPD medications, n (%)

LABA and/or LAMA 19 (90.5)

  Inhaled corticosteroid 17 (80.9)

COPD exacerbation history‡

  Moderate 1.05 (1.67)

  Severe 0.14 (0.36)

Values are mean (SD) unless otherwise noted.
*Lung function parameters are post bronchodilator.
†2 patients had FEV1/FVC>0.70 despite FEV1<80%.
‡Exacerbation data presented as event rate per patient per year in 
the 12 months prior to the first RheOx treatment.
BMI, body mass index; CAT, COPD Assessment Test; COPD, 
chronic obstructive pulmonary disease; FEV1, forced expiratory 
volume in one second; FVC, forced vital capacity; GOLD, Global 
Initiative for Obstructive Lung Disease; LABA, Long- acting beta 
agonist; LAMA, Long- acting beta anti- muscarinic (LAMA); 6MWT, 
6- minute walk test; RV, residual volume; SGRQ, St. George’s 
Respiratory Questionnaire; TLC, total lung capacity.
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DISCUSSION
In a multicentre observational study of BR in patients 
with COPD and CB, the procedure was shown to be 
safe with no procedure- related SAEs. Clinically signifi-
cant improvements in CAT symptom and SGRQ, which 
exceeded the minimal clinically important difference for 
each instrument, persisted through 24 months.

This study addresses a group of patients with varying 
levels of airflow obstruction, selected for moderate- to- 
severe CB symptoms of cough and sputum, as determined 
by the first two items of the CAT instrument, persisting 

despite guideline- based therapy and excluded patients 
with a significant emphysema phenotype. The absence 
of serious device- related or procedure- related adverse 
events through 24 months confirms the feasibility of BR 
in this CB population in which there remains a signifi-
cant unmet therapeutic need to relieve their persistent 
symptom burden. Non- SAEs reported were consistent 
with expectations for patients with COPD undergoing 
bronchoscopy alone. Our study confirms the safety find-
ings observed in a previously published 12- month clinical 
trial and extends these finding through 24 months.17

Table 2 Serious adverse events

MedDRA lower- level term
(n events)

Treatment recovery period*
(n=21)

3 months†
(n=21)

6 months‡
(n=21)

12 months§
(n=21)

24 months¶
(n=20)

Worsening dyspnoea 0 0 0 0 1

COPD exacerbation 0 0 0 1 2

Hyponatremia 1 0 0 0 0

Hip fracture 0 0 1 0 0

Pneumonia 0 1 1 0 0

Pulmonary embolism 0 0 0 0 1

Stress cardiomyopathy 0 1 0 0 0

Total One event in
one patient

Two events in
two patients

Two events in
two patients

One event in
one patient

Four events in
two patients

None were related to investigational device or procedure.
*Defined as the 30 days following either RheOx procedure.
†Defined as the follow- up period through 3 months post treatment 2, excluding the treatment recovery period.
‡Defined as the follow- up period between 3 months and 6 months after treatment 2.
§Defined as the follow- up period between 6 months and 12 months after treatment 2.
¶ Defined as the follow- up period between 12 months and 24 months after treatment 2.
COPD, chronic obstructive pulmonary disease.

Figure 3 Change from baseline in patient- reported CAT and SGRQ total sores (A) for all 21 subjects through 12 months 
and (B) through 24 months for those 17 subjects that completed 2- year follow- up. Data are presented as mean change from 
baseline±95% CI. Visits are measured from the second treatment. *P value<0.001. **P value<0.01. ***P value<0.05. CAT, 
Chronic Obstructive Pulmonary Disease Assessment Test; SGRQ, St. George’s Respiratory Questionnaire.
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Notably, this population exhibited a high symptom-
atic burden as assessed by the CAT and SGRQ despite 
moderate levels of airflow obstruction. Baseline charac-
teristics were similar to the prior study, except for lower 
FEV1, lower six- minute walk test distance and higher 
body mass index in this US cohort. In total, 2 of the 21 
patients with CB enrolled had preserved FEV1/FVC ratio 
but reduced FEV1%. This preserved ratio impaired spiro-
metric phenotype has been linked to an airway dominant 
disease pattern and has been observed to be a precursor 
to traditional reduced ratio COPD. Further, the risk for 
exacerbations and limitation in activity is greater in this 
group with lack of any effective evidence- based thera-
peutic options.21 22

Symptom and quality of life improvements in treated 
patients were both statistically significant and clinically 
meaningful at the 6- month, 12- month and 24- month 
follow- up. Importantly, the mean improvement in both 
CAT and SGRQ persisted at greater than twice the mini-
mally important differences at 24 months with 64.7% of 
the 17 patients who completed a 24- month visit exceeding 
the MCID for CAT and 58.8% for SGRQ.19 23 These 
improvements corresponded with significant improve-
ments in the CASA- Q cough and sputum symptom and 
impact scores. While there was a small drop in responder 
rates between 12 months and 2 years, this is potentially 
attributable to disease progression and may be an oppor-
tunity for retreatment for certain patients in the future. 
These findings are particularly notable given the consis-
tent absence of clinically meaningful improvement in 
symptoms and quality of life found in pharmacologic 
trials in patients with COPD.12 24 25 Thus, the clinically 
significant improvements in symptoms and quality of 
life following BR experienced by a significant majority of 
treated patients and maintained through 2 years in most 
patients have the potential to address a significant unmet 
need in the treatment of patients with the chronic bron-
chitic phenotype.

BR is an endoscopic device- based therapy that uses 
the RheOx system to directly target the cells responsible 
for mucus hypersecretion and therefore CB symptoms. 
Initial mechanistic studies demonstrated a 39% histologic 
reduction in goblet cell hyperplasia with 84% of patients 

demonstrating improvement.17 This sparing of extra-
cellular matrix components and collagenous structures 
within the treatment zone can be attributed to the nature 
of PEF energy. Further, spirometric and HRCT scan 
assessments have shown that BR does not trigger airway 
stenosis or negatively impact lung function. Impacts 
on non- goblet cell epithelial function, airway micro-
biome and mucus composition, known to be important 
in CB pathogenesis, have not yet been described. This 
technology contrasts with other bronchoscopic systems 
which deliver thermal energy (heat or cold) to induce 
cell death and modify the airway pathology. Bronchial 
thermoplasty (BT) is US Food and Drug Administration 
approved for the treatment of asthma and uses radiofre-
quency heat energy to reduce airway smooth muscle mass 
through bronchoscopy and is not targeted at epithelial 
remodelling or to impact goblet cell hyperplasia. SAEs 
occurred more frequently in BT- treated patients than 
in patients receiving a sham bronchoscopic procedure 
and/or standard care during the 12- week treatment 
period.26 This procedure, however, has not been studied 
in COPD. Recently, metered cryospray has been tested 
in patients with CB. The system delivers liquid nitrogen 
to the airways to ablate abnormal epithelium and facil-
itates healthy mucosal regeneration. In total, 5 out of 
the 11 patients scheduled to undergo surgery for lung 
cancer underwent this endoscopic approach, followed by 
lung resection and assessments of airway histology at 2 
weeks.25 Like previous results of BR,17 re- epithelialisation 
at the treatment site was observed in that report.

The prespecified secondary outcome of moderate 
and severe COPD exacerbations resulting in hospitalisa-
tion was compared in the 12 and 24 months following 
BR treatment to rates from the year prior to treatment. 
The rates of moderate and severe COPD exacerbations 
in the current study were, respectively, 0.69 and 0.05 
events per patient per year in the 12 months following 
treatment compared with 1.05 and 0.14 in the 12 months 
prior to treatment. Reducing exacerbation frequency 
and subsequent healthcare utilisation is an important 
outcome target in the treatment of COPD.27 28 While the 
interpretation of the results are limited due to the lack 
of a control group and ongoing pandemic during the 

Table 3 Moderate and severe COPD exacerbation rates

COPD exacerbation rate
(events/patient/year)

Baseline*
(n=21)

12 months post 
treatment†
(n=21)

12 months post treatment (excluding 
the treatment recovery period)‡
(n=21)

Post 12 months through 
24 months§
(n=20)

All (moderate+severe) 1.19±1.60 0.99±1.46 0.75±1.32 0.88±1.91

Moderate 1.05±1.66 0.94±1.48 0.69±1.33 0.79±1.74

Severe 0.14±0.36 0.05±0.21 0.05±0.25 0.10±0.44

Values are mean±SD (number of events).
*Defined as the 12 months prior to treatment 1.
†Defined as the follow- up period from treatment 1 through 12 months after treatment 2.
‡Defined as the follow- up period from treatment 1 through 12 months after treatment 2 excluding the 30 days following either RheOx procedure.
§Defined as the follow- up period post 12 months through 24 months after treatment 2.
COPD, chronic obstructive pulmonary disease.
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follow- up period (14 of the 21 patients completed the 
6- month visit prior to March 2020), this is a promising 
early signal that should be assessed in future randomised 
trials.

The strengths of this paper include the duration of 
follow- up, the consistent and durable magnitude of 
symptom, quality of life improvement that exceeds the 
signal found in the treatment group of any previous 
drug or device study in COPD and the excellent safety 
signal.24 29 30The primary limitations to this study are 
the small sample size, incomplete follow- up data for a 
few subjects due to the COVID- 19 pandemic and lack of 
sham control group preventing exclusion of a placebo 
effect on patient- reported outcomes. Notably, response 
rates within control groups of other bronchoscopic 
device studies in COPD do not demonstrate meaningful 
changes in symptom or quality of life scales.31 32Further, it 
is difficult to assess the impact that follow- up of patients 
during the unique conditions of the COVID- 19 pandemic 
may have had on COPD exacerbation rates.

In summary, this study extends the evidence of the 
feasibility, safety and clinical outcomes of BR in symp-
tomatic patients with COPD and CB. We identified clin-
ically meaningful reduction in CB symptom burden 
and improved quality of life following treatment that is 
maintained through 24 months, demonstrating promise 
for a CB population with persistent symptoms despite 
current guideline- based treatment. Further study in a 
randomised setting is currently underway to confirm 
these findings.
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1.2.6 Subject has bullous disease as defined by bullae exceeding 3 cm in diameter on HRCT. 

1.2.7 Subject has a pulmonary nodule or cavity that in the judgement of the investigator may 

require intervention during the course of the study. 

1.2.8 Subject has prior lung surgery, such as lung transplant, LVRS, lung implant/prosthesis, 

metal stent, valves, coils or bullectomy.  Prior pneumothorax without lung resection is 

acceptable. Pleural procedures without surgery are acceptable.  

1.2.9 Subject has emphysema of greater than or equal to 20% as quantified on baseline HRCT 

scan (low attenuation area less than -950HU). 

1.2.10 Subject has clinically significant cardiomyopathy. 

1.2.11 Subject has a change in FEV1 >12% (or, for subjects with pre-bronchodilator FEV1 below 

1 L, a change of >200 mL) post-bronchodilator unless investigator can confirm by other 

means that subject does not have asthma. 

1.2.12 Subject has severe bronchiectasis as outlined in the report of the CT scan of the chest by 

the interpreting radiologist or in the view of the PI, those findings bronchiectasis or any 

other significant second lung disease, are the main drivers of the patient’s clinical 

symptoms. 

1.2.13 Subject actively smoked (including tobacco, marijuana, e-cigarettes, vaping, etc.) within 

the last 6 months. 

1.2.14 Subject has the inability to walk over 100 meters in 6 minutes. 

1.2.15 Subject has clinically significant serious medical conditions, such as: congestive heart 

failure, angina or myocardial infarction in the past year, renal failure, liver disease 

cerebrovascular accident within the past 6 months, uncontrolled diabetes, uncontrolled 

hypertension or autoimmune disease. 

1.2.16 Subject has uncontrolled GERD.   

1.2.17 Subject has severe pulmonary hypertension. 

1.2.18  Subject has a known sensitivity to medication required to perform bronchoscopy (such 

as lidocaine, atropine, and benzodiazepines). 

1.2.19 Subject is pregnant, nursing, or planning to get pregnant during study duration. 

1.2.20 Subject has received chemotherapy within the past 6 months or is expected to receive 

chemotherapy during participation in this study. 

1.2.21 Subject receive treatment in another clinical study within 6 weeks of baseline. 

1.2.22 Subject is on anticoagulation for cardiovascular indications and, at the discretion of the 

investigator, is unable to have anticoagulants (i.e., Aspirin, Plavix, Coumadin) withheld 

for the bronchoscopy procedure per institution’s standard of care. 

1.2.23 Subject has known airway colonization with resistant organisms, such as pseudomonas, 

methicillin-resistant Staphylococcus aureus (MRSA), Burkholderia cepacia complex, 

Mycobacterium Tuberculosis (MTB), Mycobacterium abscessus mucor or significant 

fungus. 
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Table S-1: Schedule of Events 
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Window   ± 3 days -3 to +6 weeks ± 3 days ± 7 days ± 2 weeks ± 4 weeks ± 2 weeks ± 4 weeks 

Informed Consent X          

Inclusion/Exclusion Criteria X          

Medical History X          

Exacerbations History X X X X X X X X X X 

Concomitant Meds X X X X X X X X X X 

Adverse Events  X X X X X X X X X 

Physical Exam X X1 X X1 X X X X  X 

CBC & Blood Panel X X1  X1   X X  X 

Cotinine Test X          

EKG X X4  X4   X X  X 

Spirometry X   X1   X X  X 

DLCO/Body Pleth X   X1   X X  X 

Six Minute Walk Test X          

CT Scan X   X1    X   

Bronchoscopy  X  X       

Bronchoalveolar lavage  X  X       

RheOx Bronchial Rheoplasty  X  X       

Induced Sputum Sample X      X X  X 

SGRQ X   X1   X X  X 

CAT Score X   X1   X X  X 

CASA-Q X   X1   X X  X 

ISI5 X   X1   X X  X 

Cough Counting Monitor6 X      X X  X7 

EXACT-PRO8 X DAIL

Y 

 

Note 1: Noted activities are completed prior to bronchoscopy. 

Note 2: Adverse Events are noted before and after bronchscopy. 

Note 3: Overnight Hospital Stay at discretion of PI 

Note 4: An EKG is recorded prior to the initiation of RheOx procedure and during at least one energy delivery; 

anesthesia EKG may be used. 

Note 5: Subjects with clinically significant insomnia at baseline as defined by a ISI score of > 8 points21, may be asked to 

complete optional polysomnography testing at baseline and 3-months follow-up. 

Note 6: In this study, VitaloJAK cough monitor is an exploratory outcome measure. Patients willing to participate are 

encouraged to wear the 24 hour cough monitor at the 4 visits specified, but it is not 

mandatory. 

Note 7: 12-month visit only 

Note 8: In this study, EXACT-PRO is an exploratory outcome measure to quantify and measure exacerbations of 

COPD. Patients are encouraged to complete the questionnaire daily during the first year (up to Visit #10), but it 

is not mandatory. Daily patient compliance will not be a reason for removal from the study. 
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Table S-2: Enrollment by Site 

Site 

Number 
Site Name Principle Investigator 

Patients 

Enrolled 

101 University of Pittsburgh Medical Center Frank Sciurba, M.D. 6 

102 University of Alabama, Birmingham Mark Dransfield, M.D. 3 

103 Temple Lung Center Nathaniel Marchetti, D.O. 

Victor Kim, M.D. 

5 

104 University of Iowa Alejandro Comellas, M.D. 4 

105 University of Chicago Kyle Hogarth, M.D. 1 

106 Mayo Clinic - Florida Sebastian Fernandez-Bussy, M.D. 0 

107 Beth Israel Deaconess Adnan Majid, M.D. 2 

109 MedStar Health Research Institute Saiyad Sarkar, M.D. 0 

                        Total                      a 21 

 

Table S-3: Procedure Results 

Baseline Measure 

Treatment 1 

(Right Lung) 

(N=21) 

Treatment 2 

(Left Lung) 

(N=21) 

All Procedures 

(N=42) 

Procedure Time (min) 
65.5 (19.1) 67.8 (22.4) 66.7 (20.6) 

Device Time (min) 
52.6 (17.1) 53.0 (18.3) 52.8 (17.5) 

Device Activations 
61.8 (23.41) 67.5 (26.7) 64.6 (25.0) 

Post-Procedure 

Hospital Stay (Days) 0.3 (0.5) 0.3 (0.5) 0.3 (0.5) 

 

 

Table S-4: Non-Serious Adverse Events 

MedDRA Lower-Level Term 

(LLT) 

Treatment 

Recovery 

Period* 

3 

Months† 

6 

Months‡ 

12 

Months§ 

24 

Months^ 

(n events) (N=21) (N=21) (N=21) (N=21) (N=20) 

Abdominal pain 1 0 0 0 0 

Acute bronchitis 0 0 0 1 2 

Acute cystitis 1 0 0 0 0 

Acute frontal sinusitis 0 0 0 0 1 
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MedDRA Lower-Level Term 

(LLT) 

Treatment 

Recovery 

Period* 

3 

Months† 

6 

Months‡ 

12 

Months§ 

24 

Months^ 

Allergic rhinitis 0 0 0 2 0 

Ankle sprain 0 0 0 0 0 

Anxiety 0 0 0 0 0 

Avascular necrosis 0 0 1 0 0 

Back pain 0 0 0 0 1 

Benign prostatic hypertrophy 0 1 0 0 0 

Benign thyroid nodule 1 0 0 0 0 

Bradycardia 1 0 0 0 0 

COPD exacerbation 10 5 5 5 14 

CT scan abnormal 2 0 0 0 0 

Candida of mouth 0 0 0 0 1 

Chest X-ray abnormal 1 0 0 0 0 

Chest discomfort 1 0 0 0 0 

Chest pain 3 0 0 0 0 

Chest tightness 1 0 0 0 0 

Chronic back pain 0 0 0 0 1 

Constipation 1 0 0 0 0 

Coronavirus infection 0 0 0 0 0 

Cough 13 0 1 1 0 

Diarrhea 1 0 0 0 0 

Drug side effect 1 0 0 0 0 

Dyspnea 1 0 0 0 0 

Ear feels clogged 1 0 0 0 0 

Edema lower limb 0 1 0 0 0 

Fatigue 0 1 0 0 0 

Fibula fracture 0 1 0 0 0 

GERD 0 0 0 0 1 

Gastroenteritis 2 0 0 0 0 

Head cold 1 0 0 0 0 

Headache 6 0 0 0 0 

Hematuria 0 0 0 0 1 

Hemoptysis 3 0 0 0 0 

Hydrocele 0 0 1 0 0 

Hypokalemia 0 0 1 0 0 

Hypoxemia 0 0 0 1 0 

Incontinence fecal 0 0 1 0 0 

Insomnia 0 1 0 0 0 

Laceration of arm 0 1 0 0 0 

Low blood pressure 1 0 0 0 0 

Lung nodule 3 0 0 2 0 
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MedDRA Lower-Level Term 

(LLT) 

Treatment 

Recovery 

Period* 

3 

Months† 

6 

Months‡ 

12 

Months§ 

24 

Months^ 

Moraxella catarrhalis test positive 1 0 0 0 0 

Musculoskeletal pain 2 0 0 0 0 

Mycobacterium avium complex 

infection 

1 0 0 1 0 

Nausea 1 0 0 0 0 

Osteoarthritis 0 0 0 1 0 

Pain right upper quadrant 0 0 0 0 1 

Pasteurella multocida test positive 1 0 0 0 0 

Pericardial effusion 1 0 0 0 0 

Poison ivy rash 0 0 0 1 0 

Pseudomonas aeruginosa test 

positive 

1 0 0 0 0 

Rash 0 0 0 0 0 

Shortness of breath 0 0 0 1 0 

Sinus bradycardia 0 0 0 0 1 

Sinus infection 0 1 1 0 1 

Sore throat 5 0 0 0 0 

Sputum increased 1 0 0 0 0 

Superior labral tear anterior to 

posterior 

0 0 0 0 0 

Swallowing difficult 1 0 0 0 0 

Swelling of legs 0 0 0 1 0 

Tremor 1 0 0 0 0 

Upper respiratory tract infection 1 0 0 0 0 

Urinary retention 2 0 0 0 0 

Urinary tract infection 1 0 0 0 0 

Vaginal yeast infection 2 0 0 0 0 

Wheezing 6 0 0 0 0 

*Defined as the 30 days following either RheOx procedure. 

†Defined as the follow-up period through 3 months post treatment 2, excluding the treatment recovery period. 

‡Defined as the follow-up period between 3 months and 6 months after treatment 2. 

§ Defined as the follow-up period between 6 months and 12 months after treatment 2. 

^ Defined as the follow-up period between 12 months and 24 months after treatment 2. 
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Table S-5: Pulmonary Function Tests  

Measure Statistic 

Baseline 

(N=21) 

6 Months 

(N=20) 

Change 

from 

Baseline 

to 6 

Months 

(N=20) 

12 

Months 

(N=21) 

Change 

from 

Baseline 

to 12 

Months 

(N=21) 

24 

Months 

(N=17) 

Change 

from 

Baseline 

to 24 

Months 

(N=17) 

F
E

V
1

 (L
it

e
rs

) n 21 20 20 17 17 15 15 

Mean(SD) 1.5 (0.5) 1.5 (0.5) 0 (0.3) 1.5 (0.5) 0 (0.3) 1.5 (0.5) -0.1 (0.2) 

95% CI  1.3, 1.8 1.3, 1.8 -0.1, 0.2 1.3, 1.8 -0.2, 0.1 1.2, 1.8 -0.2, 0 

F
E

1
/F

V
C

- 
%

 n 21 20 20 17 17 15 15 

Mean(SD) 51.2 (14.3) 49.9 (14.1) -0.9 (5.3) 50.4 (14.5) -0.8 (3.2) 47.1 (13.2) -2.4 (2.9) 

95% CI  44.7, 57.8 43.3, 56.5 -3.4, 1.5 43, 57.9 -2.4, 0.9 39.8, 54.4 -4, -0.8 

 

 

Table S-6: Patient Reported Outcomes 

Measure Statistic 

Baseline 

(N=21) 

6 Months 

(N=20) 

Change 

from 

Baseline to 

6 Months 

(N=20) 

12 

Months 

(N=21) 

Change 

from 

Baseline to 

12 Months 

(N=21) 

24 

Months 

(N=17) 

Change 

from 

Baseline to 

24 Months 

(N=17) 

C
A

T
 T

o
ta

l 

S
co

re
 

n 21 20 20 21 21 17 17 

Mean(SD) 26.9 (4.94) 19.8 (6.3) -7.6 (5.1) 17.9 (7.8) -9 (6.7) 21.6 (7.9) -5.6 (7.1) 

95% CI  24.7, 29.2 16.8, 22.8 -10, -5.2 14.3, 21.4 -12.1, -6 17.5, 25.6 -9.3, -2 

S
G

R
Q

 T
o

ta
l 

S
co

re
 

n 21 20 20 21 21 17 17 

Mean(SD) 60.1 (15.5) 48.3 (14) -13.5 (11.8) 
43.6 

(18.9) 
-16.5 (13.2) 49 (19) -11.8 (19.2) 

95% CI  53.1, 67.2 41.8, 54.9 -19, -7.9 35, 52.2 -22.5, -10.5 39.3, 58.8 -21.7, -1.9 

C
A

S
A

-Q
- 

S
p

u
tu

m
 

Im
p

a
ct

 

n 21 20 20 21 21 17 17 

Mean(SD) 49.7 (22.1) 79.7 (24.2) 29.7 (23.3) 
78.5 

(25.2) 
28.8 (22.2) 

72.9 

(27.9) 
23.1 (28.6) 

95% CI  39.6, 59.7 68.4, 91 18.7, 40.6 67, 90 18.7, 38.9 58.6, 87.3 8.4, 37.8 
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Measure Statistic 

Baseline 

(N=21) 

6 Months 

(N=20) 

Change 

from 

Baseline to 

6 Months 

(N=20) 

12 

Months 

(N=21) 

Change 

from 

Baseline to 

12 Months 

(N=21) 

24 

Months 

(N=17) 

Change 

from 

Baseline to 

24 Months 

(N=17) 

C
A

S
A

-Q
- 

S
p

u
tu

m
 

S
y

m
p

to
m

s  n 20 20 19 21 20 17 16 

Mean(SD) 42.6 (15.5) 67.5 (23.9) 23.6 (20.2) 67 (24.6) 25 (21.2) 
58.8 

(20.5) 
14 (22) 

95% CI  35.3, 49.8 56.3, 78.7 13.9, 33.4 55.9, 78.2 15, 34.9 48.2, 69.3 2.3, 25.7 

C
A

S
A

-Q
- 

C
o

u
g

h
 

Im
p

a
ct

s  

n 21 20 20 21 21 17 17 

Mean(SD) 44.7 (19.1) 76.2 (24.9) 31 (19) 
76.4 

(26.6) 
31.7 (23.1) 

71.2 

(25.7) 
25.5 (26.5) 

95% CI  36, 53.4 64.5, 87.8 22.1, 39.8 64.3, 88.5 21.2, 42.2 58, 84.4 11.9, 39.2 

C
A

S
A

-Q
- 

C
o

u
g

h
 

S
y

m
p

to
m

s  n 20 19 18 21 20 17 17 

Mean(SD) 34.6 (19.3) 61.4 (22.6) 24.6 (16.7) 62 (30.9) 29.3 (20.3) 59.2 (25) 23.5 (24.9) 

95% CI  25.5, 43.6 50.5, 72.2 16.2, 32.9 47.9, 76.1 19.8, 38.8 46.3, 72 10.7, 36.3 
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