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ABSTRACT 

Question of the Study: The need for a procedure less invasive than surgical lung volume 

reduction that can produce consistent improvements with reduced morbidity remains a medical 

goal in patients with emphysema. We sought to determine the effect of Bronchoscopic Thermal 

Vapor Ablation (BTVA) on lung volumes and outcomes in patients with emphysema.   

Methods: Forty-four patients with upper lobe predominant emphysema were treated unilaterally 

with BTVA. Entry criteria included: age 40-75 years, FEV1 15%-45% predicted, previous 

pulmonary rehabilitation and a Heterogeneity Index (tissue/air ratio of lower lobe/upper lobe) 

from HRCT>1.2.  Changes in FEV1, St. George’s Respiratory Questionnaire(SGRQ), six-minute 

walk distance(6MWD), mMRC dyspnea, and hyperinflation were measured at baseline, 3 and 6 

months post-BTVA. 

Results:. At 6 months, mean+SE FEV1 improved by 141+26 ml(p<0.001), RV was reduced by 

406+113 ml(p<0.0001). SGRQ total score improved by 14.0+2.4 units(p<0.001) with 73% 

improving by >4 units. Improvements were observed in 6MWD (46.5+10.6 m) and mMRC 

(0.9+0.2), (p<0.001 for both).  Lower respiratory events (n=11) were the most common adverse 

event and occurred most often during the initial 30 days. 

Answer to the Question: BTVA therapy results in clinically relevant improvements in lung 

function, quality of life and exercise tolerance in upper lobe predominant emphysema.   
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INTRODUCTION 

In lung volume reduction surgery (LVRS), approximately 20-25% of the lung is excised in order 

to improve the configuration of the thoracic cavity, improve elastic recoil, reduce 

neuromechanical dissociation and allow for improved lung inflation of the remaining and 

presumably better preserved tissue.1-4 In a randomized controlled trial of medical management 

compared to LVRS (National Emphysema Treatment Trial (NETT), LVRS treated patients 

obtained improvements in lung function, symptoms, exercise tolerance, and quality of life 

relative to the medically treated group.4  While long-term survival was improved, there was  

significant morbidity and mortality associated with surgery.4,5  The NETT study is considered as 

substantial evidence that benefits can be achieved with lung volume reduction in patients with 

emphysema, particularly those with heterogeneous emphysema and upper lobe predominance.6,7  

An effective alternative treatment to LVRS that is associated with an improved safety profile is 

an unmet medical need in the treatment of COPD patients with emphysema. Various minimally 

invasive bronchoscopic approaches are being investigated as a means to induce sustained LVR.8-

14     

Bronchoscopic Thermal Vapor Ablation (BTVA) uses heated water vapor to produce a thermal 

reaction leading to an initial localized inflammatory response followed by permanent fibrosis and 

atelectasis.  The remodeling results in reductions in tissue and air volume of the targeted regions 

of the hyperinflated lung. An early pre-clinical animal study including higher doses than studied 

in humans showed dose-dependent volume reduction.  Minimal evidence of serious risk was 

observed. Of 20 animals studied, 19 survived (1 death due to pneumothorax).15  A preliminary 

study in 11 patients using a lower dose than the current protocol confirmed feasibility of 

unilateral BTVA with an acceptable safety profile; however, efficacy was modest and suggested 



 

that a higher dose would be justifiable..16 The objective of the current study was to determine the 

efficacy and safety profile of BTVA at a higher dose in a larger cohort of COPD patients with 

emphysema. 

 

MATERIALS AND METHODS 

Study Population 

Patients were required to be between 40 and 75 years old with an FEV1 between 15 and 45% 

predicted and have a diagnosis of heterogeneous emphysema with upper lobe predominance 

based on HRCT. Using PW2 software (Vida Diagnostics, Inc.) a heterogeneity index was 

calculated based on the lower lobe to upper lobe tissue to air ratio.  Heterogeneity was 

considered when the heterogeneity index exceeded 1.2.  Other eligibility criteria are displayed in 

Table 1.  

 

The protocol was approved by respective institutional review boards or ethics committees and all 

patients provided written informed consent prior to participation. 

 

Study Design: 

The study consists of two virtually identical open label, single arm safety and efficacy clinical 

trials that evaluated unilateral BTVA.  Trial 0519 (NCT 01041586) was conduct in the United 

States (4 sites, 10 patients) and trial 0519 (NCT 01102712) was conducted in Europe (7 sites, 18 

patients) and Australia (2 sites, 16 patients).  The  main differences between the two protocols 

were the following additional measures in trial 0519: (a) high resolution computed tomography 



 

(HRCT) scan and arterial blood gases at the 4 week clinic visit, (b) clinic visits at 3 weeks and 2 

months.  Results are presented as pooled data. 

Vapor dosing for each subject was calculated using a pre-defined algorithm based on 

quantification of tissue mass from the baseline HRCT, with an intended vapor dose of 10 calories 

per gram (cal/g) of lung tissue unilateral treatment.  Subjects were treated with BTVA in a single 

procedural setting.   

After treatment, subjects were required to be followed for six months for the primary endpoints 

with post-procedure visits occurring weekly for weeks 1 and 2, and months 1, 3 and 6.  An 

additional visit has been scheduled for month 12, but is not part of the current report. At three 

and six months following BTVA, subjects underwent pulmonary function testing, arterial blood 

gas measurement, questionnaires and 6 minute walk (6MW) testing.17  During the six-month 

visit, a follow-up bronchoscopy and HRCT were performed. 

The primary endpoint of this study was stated differently in each of the two protocols with the 

occurrence of adverse events (serious and non-serious) being the primary outcome for the 

smaller 10 patient trial and forced expiratory volume in 1 second (FEV1) and the St. George’s 

Respiratory Questionnaire (SGRQ)18 as co-primary endpoints for the 34 patient trial.  Both 

protocols pre-specified that the primary endpoints were to be tested from initiation of treatment 

through completion of the 6-month follow-up period.  The secondary endpoints  included post-

procedure lobar volume, (spirometry, body plethysmography, diffusion capacity (DLCO)), 6MW 

distance, health-related quality of life as measured by the SGRQ (at visits other than 6 months), 

and dyspnea as assessed by the modified Medical Research Council (mMRC) score.19 

 



 

Procedure. The bronchoscopic thermal vapor ablation (BTVA) system is comprised of a vapor 

generator and a vapor catheter and has been previously described.16  In brief, the vapor generator 

is an electronically controlled pressure vessel that generates and delivers precise amounts of 

energy (heated vapor) through the vapor catheter and into a targeted lung segment. The vapor 

catheter is composed of a flexible shaft and occlusion balloon located at the distal end.  The 

BTVA procedure was performed in an operating room or bronchoscopy suite under general 

anesthesia.  During the procedure, the vapor catheter is introduced through the bronchoscope into 

the airway of the lung segment selected for treatment, where an occlusion balloon is then inflated 

and the predetermined vapor dose (10 cal/g tissue) is delivered to the targeted lung segments. 

Either the right upper lobe or left upper lobe (excluding the lingula) was treated. 

Efficacy Assessment. HRCT scans performed at full inspiration were obtained pre-treatment, 3 

and 6 months post-treatment.  The total air volume of the target lobe was calculated at each time 

point, and the change in air volume relative to pre-treatment (lobar volume reduction; LoVR) 

was expressed as a percent of pre-treatment volume.  In addition to the efficacy endpoints 

described in the Study Design section, the BODE index was calculated.20 

Safety Assessments.  Subjects were monitored in the hospital for a minimum of 24 hours 

following BTVA.  After discharge, subjects returned to the study site for follow-up visits at 

weeks 1, 2 and 4 weeks, and then at 3 and 6 months.  Serious adverse events (SAE) were defined 

as those that were either fatal, life threatening, requires or prolongs hospitalization, or results in 

persistent or significant disability or incapacity. An independent physician adjudicated all 

adverse events.  Laboratory tests during follow-up visits included CBC, biochemistry, and non-

specific inflammatory markers (ESR, CRP).  Vital signs were recorded during each visit. 

Analysis 



 

The sample size was not a priori determined through a formal power calculation.  Continuous 

variables were summarized over time in terms of mean, standard deviation, minimum, and 

maximum. Categorical variables are summarized by frequencies and percentages.  Changes from 

baseline were summarized with descriptive statistics (mean, median, range, standard deviation, 

standard error and 95% confidence intervals).  Nominal p-values were determined from paired t-

tests.  No statistical correction was performed for multiple testing.   As there are relatively few 

missing visits and a limited sample size, no imputation was used for missing data.   

 

RESULTS 

Unilateral BTVA treatment was administered to the right upper lobe (RUL) in 24 patients and to 

the left upper lobe (LUL) in 20 patients in a single procedure.  Four patients did not complete 6 

months of follow-up (1 death 67 days post-BTVA, 1 withdrawn consent, 2 missed visits).   

Demographics: 

The mean+SD age of the population was 63.1+5.6 years with 50% being men (Table 2).  

Mean+SD FEV1 was 861+253 ml (31.4+7.5% predicted) and RV was 237.0+50.1% predicted 

(Table 2).  Maintenance pulmonary medication use was consistent with a population with severe 

disease (Table 2).   

Procedure: 

Treated unilateral lung volumes ranged from 805 to 2842 mL and heterogeneity index ranged 

from 1.19 to 2.93 (mean 1.74). A total of 72 and 58 segments were treated in the RUL and LUL 

respectively.  The mean procedure time was 29 minutes (range 12–58 minutes).  The procedure 

was well-tolerated by all subjects with all subjects discharged from hospital.  No patients 

required mechanical ventilation beyond the procedure time. 



 

Efficacy: 

The average lobe volume loss from baseline in the treated lobe was 717.6+78.8 ml at 3 months 

and 715.5+99.4 ml at 6 months (p<0.001), which represented a 48% reduction in lobar volume. 

HRCT scans were missing in 2 and 5 patients at 3 and 6 months.  Differences in volumes from 

baseline to 3 and 6 months are shown in Table 3.  Volume differences at 6 months were similar 

to those determined at 3 months.   The ipsilateral lower lobes increased in volume by 279+303 

ml (24+27%) by 6 months.  Two representative CT scans are shown in Figure 1.  Compensatory 

hyperinflation of the contralateral lung was not observed (Table 3). 

Pulmonary function changes are illustrated in Figure 2.  The mean+SE improvement in FEV1 

was 139.1+27.2 ml (17%) at 3 months and 140.8+26.3 ml (17%) at 6 months (p<0.001).  Fifty-

five percent of subjects had an FEV1 improvement ≥ 12% at 6 months and 58% of subjects had 

an improvement in FEV1 of > 100 ml.  The average improvement in FVC at 6 months was 

271.0+71.9 ml and RV was reduced by 406.0+112.9 ml at 6 months (p<0.001). 

The mean+SE improvement in SGRQ total score was 11.0+2.3 and 14.0+2.4 units at 3 and 6 

months respectively (p<0.001, Figure 3).   A total of 57% and 73% of subjects had a clinically 

meaningful improvement (decrease) in the SGRQ total score of > 4 units at 3 and 6 months 

respectively.  The largest difference was observed in the activity domain (14.7+2.8 units).  

Differences from baseline at 3 and 6 months in 6MW distance and mMRC dyspnea are shown in 

Table 4.  Dyspnea (mMRC) improved by a mean of 0.9+0.2 units at 6 months (p<0.001) and by 

at least 1 unit in 63% of subjects.  The average change in 6MWD score was 23.5+10.4 (p=0.029) 

and 46.5+15.0 meters (p<0.001) at 3 and 6 months respectively.  The BODE score declined by 

1.36+0.27 and 1.4+0.27 units at 3 and 6 months respectively (p<0.001 for both). 



 

For the primary efficacy endpoints of FEV1 and SGRQ total score, patients were analyzed 

according to GOLD Stage.  FEV1 improved by 120.4+30.7 ml in GOLD Stage III (p<0.001) and 

171.3+47.1 ml in GOLD Stage IV (p=0.002) patients.  Corresponding improvements in the 

SGRQ total score were 12.4+2.7 units (p<0.001) and 16.3+4.5 (p=0.002) units. 

Safety 

No adverse events were reported during the procedure.  A total of 29 serious adverse events were 

reported in 19 subjects (Table 5).  Twenty-five of 29 events were respiratory in origin 

(exacerbation 9, pneumonia 6, lower respiratory tract infection 4, hemoptysis 3, end-stage COPD 

1, inflammatory reaction 1, and pseudomonas in sputum 1).  One patient was reported to have a 

serious adverse event occurring within the first week, 10 patients had events with onset between 

9 and 30 days, 9 patients between 31 and 90 days and 8 patients had events beyond 90 days.   

The event of end-stage COPD was fatal (67 days after BTVA following a re-admission for an 

exacerbation of COPD).  Other than one patient, all respiratory events resolved with standard 

medical management.  A total of 18 lower respiratory adverse events (other than hemoptysis), 

including both serious and non-serious events, occurred in 16 patients within the first 30 days.  

Of the events, 9, 4 and 5 were treated with antibiotics, steroids, or steroids + antibiotics 

respectively.  The patients with these events had, on average, a higher degree of lobar volume 

reduction (HRCT available for 16/18 patients) compared to the group average (69% vs. 48%).   

The inflammatory response in the targeted area was associated with varying reports of clinical 

symptoms ranging from no symptoms or any combination of fatigue, fever, cough, sputum, 

dyspnea and hemoptysis.  The reaction appeared to peak within the first 2 to 4 weeks and 

gradually resolved within 8 to 12 weeks following BTVA.  Vital signs measured at clinic visits 

showed no overall change from baseline.  Inflammatory markers were elevated during the first 4 



 

weeks (Table 6).  No relevant changes in electrolytes, renal function or liver enzymes were 

observed. 

 

DISCUSSION 

Bronchoscopic thermal ablation therapy at a vapor dose of 10 cal/g was administered unilaterally 

to one upper lobe in 44 patients with heterogeneous emphysema in a single-arm trial.  The 

procedure was completed in all patients without procedure-related adverse events.  After 6 

months, HRCT measurement of lobar volume was reduced by  48%.  Physiologic changes 

included improvements in airflow and reductions with hyperinflation.  These improvements were 

clinically relevant as demonstrated by patient-reported outcomes of quality of life (reductions in 

the SGRQ  mMRC dyspnea scores).  Reduced symptoms were supported by more functional 

outcomes such as improvements in exercise tolerance.    

The short-term morbidity and associated costs of LVR surgery have led to investigations of 

minimally invasive approaches to achieve clinically relevant changes with reduced morbidity, 

which may also benefit a broader population of emphysema patients.1-5,21  Several bronchoscopic 

approaches to LVR have been evaluated over the last several years.  Implantation of multiple 

one-way endobronchial valves (EBV) has been explored in single-center and  larger multicenter 

studies.8-14  Results  indicate that endobronchial valves offer modest improvements in pulmonary 

function (increase in FEV1=6.8%) and health-related quality of life (improvement in SGRQ total 

score=3.4 units).13  The lower improvement relative to studies of LVR surgery is most likely 

attributable to inter-lobar collateral ventilation, a common finding, that will limit lobar collapse 

despite occlusion of the major airways.13  Exploration of techniques that provide high levels of 

improvement despite the presence of inter-lobar collateral ventilation would represent an 



 

advance relative to valve techniques.   Nevertheless, it appears that bronchoscopic approaches 

are able to reduce lung volumes and produce symptomatic benefit.14  

BTVA produces a thermal reaction within targeted regions of diseased hyperinflated lung and is 

not anticipated to be affected by collateral ventilation.15 The system consists of a reusable vapor 

generator with a disposable vapor catheter, which deliver heated water vapor through a 

bronchoscope channel to targeted upper lobe emphysematous lung regions. A localized 

inflammatory reaction (LIR) within the treated lobe is expected following BTVA.  

Radiographically the treated area will typically show infiltrates, which could be indistinguishable 

from pneumonia. The response may be asymptomatic or accompanied by any of the symptoms 

of fatigue, fever, cough, sputum, dyspnea and hemoptysis.  The reaction appears to peak within 

the first 2 to 4 weeks and gradually resolves within 8 to 12 weeks of BTVA.  Improvements in 

the group mean FEV1 relative to baseline were observed at 1 month.  The need for treatment (i.e. 

antibiotics and/or steroids) has not been established but has been prescribed based on individual 

investigator clinical decisions.   

The LIR appears to be responsible for the early reporting of exacerbations and “pneumonia” 

given the similarity or symptoms and radiographic findings.   Future studies will need to explore 

whether early intervention with standard medical therapy with the onset of symptoms may 

reduce the need for hospitalization for those patients who have a higher degree of symptoms.  

Additionally, it may be possible to stage the procedure such that an overall lower amount of 

thermal energy is applied each time.  Nevertheless, all patients who had an LIR were discharged 

from hospital.  One of the 44 treated patients, one patient died 67 days post-procedure of end-

stage COPD.  The safety observations must be put into context with the anticipated efficacy (i.e. 



 

benefit-risk balance) and with the expected natural course of COPD patients with lung function 

averaging 31% of predicted normal.4,13,22,23   

The LIR in the affected areas is followed by a healing period.  The healing and repair process is 

characterized by fibrosis of the airways and parenchyma (i.e. remodeling of the architecture of 

the lung).15  Lung volume reduction from BTVA treatment is accomplished via the fibrosis along 

with atelectasis that occurs distally in the treated region. The lung volume reduction of diseased 

hyperinflated lung regions after BTVA treatment is expected to increase elastic recoil by 

reducing the most compliant areas of lung, decompress areas of healthy lung allowing for 

alveolar recruitment, and improve the mechanical positioning of the respiratory muscles. The 

aforementioned changes are most likely responsible for the positive clinical outcomes. 

It is recognized that conclusions must be tempered by the relatively small sample size and single-

arm, open trial design.  Future studies will need to consider incorporation of a control arm.  

Optimally, the control arm should include a sham procedure.  Nevertheless, the changes from 

baseline in the current study showed consistent efficacy across multiple endpoints that 

demonstrated improvements in physiology, symptoms, exercise tolerance and health-related 

quality of life with nominal p values being less than 0.05.    It must be recognized that this 

patient population with GOLD Stage III and IV disease remained symptomatic at study entry 

with significant impairments in health-related quality of life despite previous participation in 

pulmonary rehabilitation and prescription of pharmacotherapy.   

Another potential limitation is the wider spread applicability given that only patients with upper 

lobe predominant emphysema were studied.  Additional studies should therefore be directed to 

those patients with lower lobe disease to evaluate the overall benefit-risk. The NETT data 

suggests that improvements in the BODE score may be associated with improved survival.25 



 

Whether this observation can be extended to BTVA (decrease of 1.4 units over 6 months) will 

require longer term follow-up. 

In summary, patients with heterogeneous emphysema with upper lobe predominance may 

achieve clinically important improvements in physiology, quality of life and exercise tolerance 

following a single session of unilateral BTVA.  The procedure is well tolerated with all patients 

being discharged from hospital.  An expected inflammatory response can be managed with 

standard care with the reasonable expectation of resolution over a few weeks and continued 

improvement.  Given the efficacy data demonstrated to date, BTVA has a favorable benefit-risk 

in COPD patients with heterogeneous emphysema.  Future studies are needed to corroborate the 

findings with larger sample sizes and a control arm. 
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Table 1:  Summary of key inclusion and exclusion criteria 

 

Inclusion Criteria 

Age > 40 years 

FEV1 >15% and <45% predicted 

total lung capacity (TLC) > 100% predicted 

residual volume (RV) > 150% predicted 

mMRC dyspnea score > 2 

PaCO2 < 55 mm Hg, PaO2 > 45 mm Hg while 
breathing room air 

non-smoking for at least 4 months 

recent completion of pulmonary rehabilitation 

body mass index (BMI) > 15 kg/m2 or < 35 
kg/m2.   

 

Exclusion criteria 

known α-1-antitrypsin deficiency 

evidence of either clinically significant asthma, 
chronic bronchitis, or bronchiectasis 

diffusing capacity for carbon monoxide 
(DLCO) < 20% predicted 

post-rehabilitation 6-minute walk test < 140 
meters 

pneumothorax within previous 18 months 

procedures involving thoracotomy 

large bullae (>1/3 volume of lobe) 

left ventricular ejection fraction < 40% 

stroke, unstable myocardial ischemia or ICD 

coagulopathy 

pulmonary hypertension (peak systolic PAP 
>45 mmHg or mean PAP >35 mmHg 

previous bronchoscopic lung volume reduction 

 



 

Table 2.   Baseline demographics and lung function of 44 patients treated with BTVA. 

 
Age (year) 63.1+5.6 

Men (%) 50% 

Body Mass Index (BMI) 25.3+4.2 

Duration of COPD Diagnosis (years) 7.3+4.4 

Smoking History (pack-years) 56.2+34.5 

BODE Score 5.7+1.5 

mMRC Score 2.9+0.7 

6MW distance (m) 299.9+77.0 

SGRQ Total Score 58.9+14.0 

Pulmonary Function  

     FEV1 (ml) 861+253 

     FEV1 (% predicted) 31.4+7.5 

     FVC (% predicted) 72.6+12.9 

     TLC (% predicted) 138.9+16.1 

     RV  (% predicted) 237.0+50.1 

     DLCO (% predicted) 34.8+12.5 

     PaO2 (mmHg) 68.9+12.1 

     PaCO2 (mmHg) 39.4+7.2 

     pH 7.43 

Maintenance Respiratory 
Medications 

 

     Tiotropium 95% 

     Long-acting beta-agonists 21% 

     Inhaled steroids 6% 

     Long-acting beta-agonist + 

     inhaled steroid  
70% 

     Theophyllines 23% 

     Oral steroids 16% 

     Supplemental oxygen 16% 

  

Values displayed as mean+SD unless otherwise specified 



 

Table 3.  Difference in volume from baseline to 3 and 6 months following BTVA. 
 

 
Combined  Treated RUL  Treated LUL 

3 months 
(n=42) 

6 months 
(n=39) 

3 months 
(n=22) 

6 months 
(n=20) 

3 months 
(n=20) 

6 months 
(n=19) 

Treated Upper Lobe      

        ml -722 ± 607 -713 ± 618 
-705 ± 

617 
-715 ± 

653 
-740 ± 

611 
-711 ± 

597 
        % -48 ± 32 -48 ± 33 -46 ± 34 -46 ± 36 -51 ± 30 -49 ± 30 

Ipsilateral RML or 
Lingula 

     

       ml 28 ± 101 57 ± 84 38 ± 97 59 ± 87 16 ± 107 55 ± 84 

       % 9 ± 29 16 ± 25 11 ± 21 16 ± 24 7 ± 36 17 ± 27 

Ipsilateral Lower Lobe      

      ml 275 ± 239 279 ± 303 286 ± 235 299 ± 287 263 ± 250 258 ± 326 

      % 23 ± 22 24 ± 27 24 ± 23 25 ± 26 22 ± 23 22 ± 29 

Contralateral Upper Lobe      

     ml 42 ± 129 6 ± 140  65 ± 135  19 ± 152 17 ± 119 -7 ± 128 

     % 3 ± 8 0 ± 11  4 ± 8  0 ± 13 1 ± 8 -1 ± 9 
Contralateral RML or 

Lingula 
     

     ml 6 ± 57 -12 ± 52 7 ± 65 -2 ± 34 4 ± 48 -21 ± 65 

    % 4 ± 17 -2 ± 17 3 ± 12 0 ± 10 5 ± 21 -4 ± 22 

Contralateral Lower Lobe      

     ml 79 ± 150 -3 ± 174 85 ± 165 -21 ± 162 72 ± 133 16 ± 187 

     % 5 ± 11 -1 ± 13 7 ± 13 1 ± 13 4 ± 10 0 ± 13 
 LUL = left upper lobe, RUL = right upper lobe, RML = right middle lobe 
Values displayed as mean+SD 
 



 

 
Table 4.  Differences from baseline to 3 and 6 months in 6 minute walk distance and modified 
Medical Research Council dyspnea scores in 44 patients receiving BTVA. 
 6MW Distance (meters) mMRC Score (units) 
 3 months 6 months 3 months 6 months 
absolute 332.7+16.0 352.7+17.4 2.07+0.14 1.93+0.16 
∆ baseline 23.5+10.4 46.5+10.6 -0.79+0.16 -0.90+0.17 
p-value 0.029 <0.001 <0.001 <0.001 

Values displayed as mean+SE 

 
 
 



 

Table 5: Number of serious adverse events and occurrence relative to BTVA treatment within 6 

months of treatment 

Event 
Total 
Observed 

≤ 48 
hours 

> 48 hrs 
≤ 30 days 

> 30 days ≤ 
90 days 

> 90 days ≤ 
180 days 

COPD End Stage 1 0 0 1 0 
COPD Exacerbation 9 0 2 5 2 
Gastroesophageal Reflux 1 0 0 1 0 
Hemoptysis 3 0 1 1 1 
Pneumonia 6 0 4 1 1 
Post Treatment 
Inflammation Reaction 

1 0 1 0 0 

Respiratory Tract Infection 5 0 3 0 2 
Right Upper Quadrant 
Abdominal Pain 

1 0 0 0 1 

Urinary Retention 1 0 0 0 1 
Ventricular Fibrillation 1 0 0 1 0 
Total Events 29 0 11 10 8 
 

Table 6:  Change in non-specific inflammatory markers following BTVA. 

Parameter 
Baseline 
(BL) 

Week 1 Week 2 Week 4 Month 3 Month 6 
∆ from BL ∆ from BL ∆ from BL ∆ from BL  ∆ from BL 

WBCs 
(109/L) 

 8.10 ± 2.30 1.51 ± 2.56 3.53 ± 3.42 2.60 ± 4.0 1.28 ± 2.86 0.62 ± 2.47 

Neutrophils 
(109/L)  

5.30 ± 2.14 1.42 ± 2.14 3.36 ± 3.26 2.35 ± 3.86 1.05 ± 2.23 0.42 ± 2.66 

ESR(mm/hr) 13.5±12.1 15.3±11.3 22.8±23.9 27.0±28.7 7.11±14.36 4.50 ±14.6 
CRP (mg/L) 0.62 ± 0.67 1.70 ± 4.78 8.10 ± 21.2 9.71 ± 38.4 1.11 ± 5.07 0.67 ± 2.78 

mean + SD



 

 

Legend To Figures 

Figure 1: Two representative coronal computed tomograms of lungs from patients before and 

after (3 and 6 months) BTVA illustrating changes in lung volumes. 

 

 

 

Figure 2:  Difference from baseline (mean+SE) in pulmonary function expressed as ml (a) and 

percent (b) at 3 and 6 months following BTVA in 44 patients.  



 

 

 

 

Figure 3:  Differences from baseline to 3 and 6 months (mean+SE) in the SGRQ total score and 

the activity, symptoms and impact domains following BTVA in 44 patients. 

 


