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CI, 42 to 80), and SGRQ (–11 points, 95% CI,  − 17 to  − 6). Two 
patients died: 1 after 58 days due to progressive respiratory 
failure and 1 after 338 days of follow-up due to a myocar-
dial infarction. Seventeen percent of the patients under-
went valve replacement and 22% of the initially treated pa-
tients had permanent valve removal. In 22% of the patients, 
pneumothoraces occurred before 6 months, and none oc-
curred between 6 and 12 months.  Conclusions:  EBV treat-
ment results in clinically relevant benefits at 1 year of fol-
low-up. Maintenance bronchoscopies to achieve this are 
needed. This study supports the use of EBV treatment in 
carefully selected patients with severe emphysema without 
collateral ventilation.  © 2016 The Author(s)

Published by S. Karger AG, Basel 

  Introduction 

 Recently published studies  [1–3]  have shown that one-
way endobronchial valve (EBV) treatment results in clin-
ically and statistically significant effective improvements 
in lung function, exercise tolerance, and quality of life. 
These studies have highlighted the importance of careful 
patient selection, particularly using the Chartis system to 
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 Abstract 

  Background:  One-way endobronchial valve (EBV) treat-
ment has shown safety and efficacy at 6 months after treat-
ment in patients with severe emphysema and confirmed 
absence of interlobar collateral ventilation. Longer follow-
up in this subgroup is not available.  Objectives:  To investi-
gate the efficacy and safety of EBV treatment of the STELVIO 
cohort at a 1-year follow-up.  Methods:  Emphysema patients 
who have been treated with EBV in the STELVIO trial were 
invited for a voluntary 1-year follow-up visit. Both the origi-
nal treatment group and the control group who crossed 
over to treatment have been included. Analyses are per-
formed on the patients who attended the 1-year follow-up 
visit.  Results:  Sixty-four patients received EBV treatment. At 
1 year, 40 patients (26 female; mean age 59 ± 8 years; FEV 1  
0.86 ± 0.29 L; RV 4.56 ± 1.00 L; 6MWD 367 ± 78 m; and SGRQ 
56 ± 13 points) visited the hospital. Significant improve-
ments ( p  < 0.001) were found for FEV 1  (+17%, 95% CI, 11 to 
24), RV (–687 mL, 95% CI, –918 to –456), 6MWD (+61 m, 95% 
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demonstrate absence of interlobar collateral ventilation, 
as a basis for the success of this treatment.

  However, treatment success is also accompanied with 
some risk, particularly an approximately 20% incidence 
of the treated patients developing pneumothorax in the 
early postbronchoscopy phase. Another, less frequent 
complication was the loss of lung volume reduction due 
to granulation tissue formation around the valves and 
subsequent valve dislocation, raising the question of 
whether the risks for these complications continue to be 
present beyond 6 months of follow-up. The risk for pneu-
monia and exacerbations after obstructing the airways 
with a foreign body like the EBV is expected to be high, 
but the 6-month data of the STELVIO trial were reassur-
ing in that perspective. Finally, one could anticipate that, 
since emphysema is a progressive disease, disease pro-
gression in the nontreated ipsilateral lobe may negatively 
influence the effects of successful lung volume reduction 
over the course of time. Successful lung volume reduction 
of the target lobe increases mechanical stress and overex-
pansion of the nontreated lobe and induces compensa-
tory emphysema, associating with loss of the original lung 
volume reduction effect  [4] . In other words: does lung 
volume reduction persist after 6 months of treatment?

  The aims of this uncontrolled study are to investigate 
the efficacy and safety of EBV treatment of the open-label 
STELVIO cohort at a 1-year follow-up. This follow-up 
study lacks a control group because the control group pa-
tients in the STELVIO trial were also crossed over and 
treated with EBV after their 6-month follow-up, as per 
the original study protocol.

  Methods 

 Patients 
 We included patients who were previously treated with one-

way EBV in the “STELVIO trial” (trial registration: NTR2876)  [1]  
and had severe emphysema, hyperinflation, marked dyspnea irre-
spective of heterogeneous or homogeneous distribution, and a 
confirmed absence of interlobar collateral ventilation measured 
with the Chartis system .  The study was approved by the Univer-
sity Medical Center Groningen Medical Ethics Committee, and all 
participants signed informed consent.

  Chartis Assessment and EBV Treatment 
 The procedure has been described before  [1] . Briefly, collater-

al ventilation was assessed under conscious sedation using the 
Chartis system (Pulmonx, Redwood City, CA, USA). The EBV 
(Zephyr ® ; Pulmonx) were placed in all (sub)segments of the target 
lobe under general anesthesia or conscious sedation  [1] .

  In the initial study, the “STELVIO trial,” EBV treatment was 
performed in 64 patients, of whom 34 were randomized to the EBV 
group, and 30 patients were treated as “crossover” patients after 

initially having been randomized to the control group. All treated 
patients had proven absence of collateral ventilation confirmed 
with the Chartis assessment  [1] .

  Study Design 
 Patients were previously randomized 1:   1 to the EBV group or 

to the control group. Patients randomized to the EBV group re-
ceived the treatment immediately and underwent a 6-month fol-
low-up visit. Patients in the control group continued to receive 
standard medical care, underwent a 6-month follow-up visit, and 
afterwards received the EBV treatment. This crossover control 
group underwent a 6-month posttreatment follow-up visit. All pa-
tients exited the study following completion of the 6-month post-
treatment evaluations. Subsequently, all patients, except patients 
whose valves had to be removed after treatment, were invited for 
a voluntary evaluation visit 1 year after valve treatment.

  Measurements 
 At the 1-year follow-up, we performed pulmonary function 

measurements, a 6-min walk test, and chest X-ray in the patients, 
and the patients completed questionnaires. Patients were also eval-
uated by a physician who reported on the patients’ health status 
during the past year. Pulmonary function tests (Jaeger Master-
Screen TM ; CareFusion, Germany) were performed according to 
ATS/ERS guidelines  [5, 6] . The 6-min walk test was performed as 
per ATS recommendations  [7] . Health-related quality of life was 
measured by the St. George’s Respiratory Questionnaire (SGRQ) 
 [8, 9] , and dyspnea severity was measured by the modified Medical 
Research Council (mMRC) dyspnea scale  [10] . The BODE score 
was calculated at baseline as well as after 6 months and 1 year of 
follow-up  [11] . If patients did not visit our hospital for their follow-
up, available spirometry data from other hospitals were collected. 
This was also necessary for patients whose valves had to be re-
moved after treatment and for patients who were initially not treat-
ed with EBV due to either positive collateral ventilation or local 
airway anatomy not compliant with valve treatment. The baseline 
inspiratory high-resolution CT scan was used to assess emphyse-
ma distribution for the treated lung. Less than 15% difference in 
destruction score between treatment lobe and nontreatment ipsi-
lateral lobe in the EBV target lung was defined as “homogeneous” 
and more than 15% as “heterogeneous”  [1] .

  Safety Data 
 Survival was evaluated up to 1 year in all patients who under-

went screening assessment in the initial STELVIO study. Serious 
adverse event data were collected during the study from all patients 
who were treated with EBV.

  Outcome Measures 
 Efficacy outcome measures were improvement in change from 

baseline to the 1-year follow-up in pulmonary function (spirom-
etry and body plethysmography), 6-min walk distance (6MWD), 
and the SGRQ total score. Clinical response was defined using es-
tablished minimal clinically important differences (MCID) for 
FEV 1 : 10%  [12] , residual volume (RV): –430 mL  [13] , 6MWD: 
26 m  [14] , and SGRQ: –4 points  [15]  and –7 points  [16] .

  Statistical Analysis 
 Statistical comparisons for the change from baseline to 6 or 12 

months of follow-up were performed using paired  t  tests or, in case 
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of non-normally distributed data, the Wilcoxon signed-rank test 
was used to compare the outcomes in change from baseline to 6 or 
12 months of follow-up. To adjust for multiple testing,  p  values of 
<0.025 were considered to indicate statistical significance. SPSS Sta-
tistics version 22 (IBM, Armonk, NY, USA) was used for all analyses.

  Results 

 Study Patients 
 The initial STELVIO study was performed between 

June 2011 and November 2014, with the last patient 
reaching the 1-year follow-up in October 2015  [1] . Eighty-

four patients were screened for eligibility. Of these, 13 
patients were excluded for proven presence of interlo-
bar collateral ventilation, 6 were excluded because of 
local airway anatomy not accessible for EBV placement, 
and 1 patient was withdrawn, resulting in 64 patients 
who were treated with EBV  [1] . Of the 64 treated patients, 
2 (3%) patients died and 14 (22%) patients were not able 
to retain the EBV throughout the 1-year study period, 
which was related to valve removal procedures: 4 sec-
ondary to a pneumothorax, 2 due to airway torsion, 7
due to granulation tissue formation, lack of efficacy,
and complaints, and 1 due to pneumonia distal to valve. 
Eight patients did not attend the 1-year follow-up visit for 

STELVIO trial
Screening (n = 84)

No endobronchial valve treatment performed (n = 20)
– Collateral ventilation observed during Chartis assessment (n = 13)
– Patient withdrawal (n = 1)
– Subsegment not accessible for EBV treatment (n = 6)

STELVIO trial
Received endobronchial valve treatment (n = 64)

EBV group (n = 34) and crossover group (n = 30) 

STELVIO trial
Attended follow-up at 6 months (n = 51)

Voluntary visit outside STELVIO trial
Attended follow-up visit at 1 year (n = 40)

Period: 0–6 months after EBV treatment

Permanent valve removal (n = 11)
– EBV removal due to complaints/granulation and lack of efficacy (n = 4)
– EBV removal due to torsion of the bronchus (n = 2)
– EBV removal due to recurrent pneumothorax (n = 4) 
– EBV removal due to pneumonia distal to valve (n = 1)

Died 58 days after treatment due to respiratory failure (n = 1)

Did not attend 6-month follow-up visit (n = 1) (investigator withdrawal)

Period: 6 months to 1 year after EBV treatment

Permanent valve removal (n = 3)
– EBV removal due to complaints/granulation and lack efficacy (n = 3)

Died 313 days after treatment due to myocardial infarction (n = 1)

Did not attend 1-year follow-up visit (n = 8)
– Peripheral arterial insufficiency (n = 1)
– Status after stroke (n = 2)
– Distance to hospital too far/no transportation (n = 4)
– Back problems (n = 1)

  Fig. 1.  Study flowchart. EBV, endobronchial valve. 
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various reasons ( Fig. 1 ; online suppl. Table 1, see www.
karger.com/doi/10.1159/000453529). At 1 year, 48 (78%) 
patients retained their valves, of whom 40 (83%) visited 
the hospital for follow-up assessments. The baseline char-
acteristics of these 40 patients are shown in  Table 1 , and 
the study flowchart is presented in  Figure 1 . Baseline 
characteristics were similar between the patients who at-
tended the 1-year follow-up ( n  = 40) compared to the pa-
tients who did not attend the 1-year follow-up.

  Efficacy Outcomes 
 Among patients who attended the 1-year follow-up 

visit, significant improvements (all  p  < 0.001) between 
baseline and 1-year follow-up were measured: FEV 1  
+17% (95% CI, 11 to 24), RV –687 mL (95% CI, –918 to 

–456), 6MWD +61 m (95% CI, 42 to 80), and SGRQ total 
score –11 points (95% CI,  − 17 to  − 6). All these results 
exceeded the established MCID. At the 1-year follow-up, 
improvements in FVC and 6MWD were comparable to 
those observed at the 6-month evaluation. The 1-year re-
sults for FEV 1 , RV, and SGRQ were slightly declined 
compared to those at the 6-month evaluation but still 
clinically meaningful (exceeded the MCID) and signifi-
cantly improved compared to baseline. At 1 year, no sig-
nificant differences, except for FEV 1 , were found be-
tween heterogeneous and homogeneous patients as well 
as between patients who were treated in the upper lobes 
and those treated in the lower lobes ( Table 2 ;  Fig. 2 ).  Fig-
ure 3  shows the individual patient outcomes compared 
to baseline at 6 months and 1 year of follow-up of the 

 Table 1.  Patient characteristics at baseline (n = 40)

Characteristics All patients 
(n = 40)

Homogeneous 
distribution (n = 21)

Heterogeneous 
distribution (n = 19)

Age, years 59 ± 8 59 ± 7 59 ± 9
Female/male 26/14 12/9 14/5
Pack-years 36 ± 21 32 ± 18 40 ± 24
Body mass index 24.6 ± 4.1 24.7 ± 4.0 24.5 ± 4.3
BODE index, points 4.9 ± 1.3 5.0 ± 1.5 4.9 ± 1.3
FEV1, L 0.86 ± 0.29 0.85 ± 0.31 0.88 ± 0.27
FEV1, % predicted 30 ± 8 30 ± 9 32 ± 7
FVC, L 2.68 ± 0.90 2.76 ± 0.94 2.59 ± 0.88
FVC, % predicted 77 ± 17 77 ± 19 77 ± 16
FEV1/FVC, % 33 ± 8 32 ± 7 35 ± 8
TLC, L 7.59 ± 1.39 7.66 ± 1.34 7.50 ± 1.46
TLC, % predicted 130 ± 11 129 ± 12 131 ± 10
RV, L 4.56 ± 1.00 4.57 ± 0.98 4.55 ± 1.05
RV, % predicted 217 ± 35 214 ± 38 219 ± 33
RV/TLC, % 60 ± 8 60 ± 9 61 ± 8
IC/TLC, % 25 ± 6 25 ± 7 24 ± 6
DLCO, % predicted 40 ± 10 41 ± 10 40 ± 10
PaCO2, kPa 5.12 ± 0.79 5.21 ± 0.89 5.03 ± 0.69
PaO2, kPa 9.00 ± 1.18 8.91 ± 1.32 9.10 ± 1.06
6MWD, m 367 ± 79 358 ± 77 377 ± 81
mMRC dyspnea score 2.6 ± 0.7 2.5 ± 0.8 2.6 ± 0.7
SGRQ total score 56.2 ± 12.8 55.6 ± 11.7 56.9 ± 14.0
Target lobe voxels –950 HU, % 47 ± 7 45 ± 5 49 ± 8
Target lobe volume, mL 1,888 ± 635 1,842 ± 644 1,938 ± 639

 Patient characteristics (n = 40) at baseline are presented as numbers or as mean ± standard deviation. There 
were no significant differences between the homogeneous and heterogeneous group, except for target lobe voxels 
(%) (p = 0.038). Baseline characteristics were similar between the patients who attended the 1-year follow-up 
(n = 40) and those who did not attend the 1-year follow-up. FEV1, forced expiratory volume in 1 s; FVC, forced 
vital capacity; TLC, total lung capacity; RV, residual volume; IC, inspiratory capacity; DLCO, carbon monoxide 
diffusion capacity; PaCO2, arterial carbon dioxide pressure; PaO2, arterial oxygen pressure; SGRQ, St. George’s 
Respiratory Questionnaire; mMRC, modified Medical Research Council; BODE index, combined score of body 
mass index, airflow obstruction, dyspnea, and exercise capacity.
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patients who attended the voluntary 1-year follow-up 
visit ( n  = 40).

  The BODE index at 1 year showed an improvement 
from baseline of –1.13 points (95% CI, –1.5 to –0.7;  p  < 
0.001). Eight patients who retained the valves did not at-
tend the 1-year follow-up visit: 4 patients did not have 
transportation, 2 patients were not able to attend the vis-
it due to a previous stroke, 1 patient due to peripheral 
artery insufficiency, and 1 due to back problems. Spirom-
etry data were retrieved for 7 of these patients. Median 
(minimum–maximum) changes in key outcome mea-
sures from baseline to 6 months and a median of 528 days 
(267–770), respectively, after treatment were: FEV 1  
+13.1% (–7.8 to +58.9) and +6.3% (–28.0 to +55.6) ( p  = 
0.176), and FVC +17.8% (–0.5 to +37) and +11.9% (–15.4 
to +23.5) ( p  = 0.091). The individual data are shown in 
the online supplementary Table 1.

  Fourteen patients were not able to retain the EBV up 
to 1 year. Spirometry data were retrieved for 7 of these 
patients. At a median of 399 days (minimum 62 days, 
maximum 826 days) after valve removal, the mean 
change from baseline in FEV 1  was +2.8% (95% CI, –15 to 
21;  p  = 0.743) and in FVC +4.9% (95% CI, –12 to 22;  p  = 
0.539).

  Twenty patients of the initial 84 patients screened were 
not treated with EBV. At a median of 400 days (minimum 
106 days, maximum 834 days) after screening, the mean 
change from baseline for FEV 1  was –3.5% (95% CI, –12 
to 5;  p  = 0.415) and for FVC –1.1% (95% CI, –12 to 10; 
 p  = 0.830).

  Serious Adverse Events 
 Of the 64 treated patients, 2 (3%) deaths occurred at 

the 1-year follow-up ( Table 3 ). One death was due to pro-
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  Fig. 2.  Efficacy outcomes compared to baseline at the 1-year fol-
low-up of the patients who attended the 1-year follow-up visit 
( n  = 40). The data are presented as mean change from baseline to 
1 year of follow-up for 5 different groups: complete group ( n  = 40), 
homogeneous distribution ( n  = 21), heterogeneous distribution 

( n  = 19), upper lobe treatment ( n  = 22), and lower lobe treatment 
( n  = 18). Horizontal bars represent the MCID value for each out-
come. FEV 1 , forced expiratory volume in 1 s; 6MWD, 6-min walk 
distance; RV, residual volume; SGRQ, St. George’s Respiratory 
Questionnaire. 
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gressive respiratory failure (58 days after treatment), and 
one was due to a myocardial infarction (313 days after 
treatment). At the 1-year follow-up, 9 chronic obstructive 
pulmonary disease exacerbations and 5 pneumonias re-
quiring hospitalization were reported. Serious treatment-
related adverse events included pneumothorax (22% of 
all treated patients)  [1]  and events requiring valve re-
placement (17% of all treated patients) or permanent 
valve removal (22% of all treated patients). Pneumotho-
races occurred only in the first 6 months: 12 within 2 days 
of EBV treatment, 1 at 19 days after treatment, and 1 at 
126 days after treatment. In the patients ( n  = 20) who did 
not receive EBV treatment, 2 (10%) deaths were recorded 
at 160 and 267 days after the screening visit, both due to 
chronic obstructive pulmonary disease progression.

  Discussion 

 One-way EBV treatment provides significant clinical 
benefits for carefully selected patients with severe emphy-
sema, a patient group with limited treatment options. 

One year after EBV treatment, there were significant im-
provements in pulmonary function, exercise capacity, 
and quality of life compared to baseline values. This im-
provement exceeded the established MCID with a high 
responder rate. The occurrence of a pneumothorax is a 
frequent complication in the acute posttreatment phase 
 [1, 17, 18] ; however, no pneumothoraces occurred be-
tween the 6-month and 1-year visits. Seventy-eight per-
cent of the initially treated patients retained the EBV over 
the 1-year study period, although 17% needed to undergo 
extra bronchoscopies with valve replacements to restore 
valve dysfunction.

  Our 1-year follow-up results show that the largest im-
provements in FEV 1 , RV, and SGRQ after EBV treatment 
are observed at 6 months after treatment, with a slight 
decline in these variables at the 1-year timepoint. How-
ever, the improvements for all endpoints, FEV 1 , RV, and 
SGRQ, at 1 year remained statistically significant with 
clinically relevant improvements compared to baseline. 
The slight decline in lung function parameters, noted pri-
marily in the homogeneous and lower lobe cohorts, did 
not result in a decline in exercise performance between 

 Table 2. Mean changes from baseline to 6 months and 1 year of follow-up in the patients who attended the voluntary visit at 1 year
(n = 40)

All patients 
(n = 40)

Heterogeneous 
distribution
(n = 19)

Homogeneous 
distribution
(n = 21)

Upper lobe 
treatment
(n = 22)

Lower lobe 
treatment
(n = 18)

FEV1, %
6 months 25.7(18 to 33) 33.1 (24 to 42) 18.9 (7 to 31) 31.0 (21 to 41) 19.2 (7 to 31)
1 year 17.2 (11 to 24) 25.6b (19 to 32) 9.6a (–1 to 20) 22.3b (14 to 31) 11.0a (0.2 to 22)

FVC, %
6 months 23.4 (15 to 32) 27.4 (17 to 38) 19.8 (6 to 33) 25.2 (14 to 36) 21.3 (7 to 35)
1 year 23.1b (15 to 31) 24.2b (14 to 35) 22.2b (10 to 34) 21.8b (11 to 32) 24.7b (12 to 38)

RV, mL
6 months –815 

(–1,003 to –599)
–786 
(–1,069 to –504)

–841 
(–1,189 to –493)

–770 
(–1,001 to –539)

–870 
(–1,289 to –451)

1 year –687 
(–918 to –456)

–672b 
(–957 to –389)

–699b 
(–1072 to –326)

–634b 
(–821 to –447)

–752b 
(–1247 to –258)

6MWD, m
6 months 74 (56 to 93) 77 (49 to 104) 72 (44 to 100) 67 (43 to 91) 84 (52 to 116)
1 year 61b (42 to 80) 70b (41 to 98) 54b (27 to 81) 55b (30 to 81) 69b (38 to 100)

SGRQ, points
6 mon ths –17 (–23 to –12) –20 (–27 to –12) –16 (–23 to –8) –19 (–25 to –12) –16 (–25 to –7)
1 year –11 (–17 to –6) –13b (–19 to –7) –10a (–19 to –0.4) –11 (–16 to –6) –12a, b (–22 to –1)

Of the 21 patients with homogeneous distribution, 15 patients received treatment in the lower lobe, and of the 19 patients with 
heterogeneous distribution, 3 patients received treatment in the lower lobe. The paired t test was used to calculate mean differences (95% 
confidence intervals) in changes from baseline to 6 months and 1 year and from 6 months to 1 year. To adjust for multiple testing, 
p values <0.025 were considered to indicate statistical significance. FEV1, forced expiratory volume in 1 s; FVC, forced vital capacity; 
RV, residual volume; 6MWD, distance on 6 min walk test; SGRQ, St. George’s Respiratory Questionnaire.

a Change from baseline was not significant (p > 0.025). b Change from 6 to 12 months of follow-up was not significant (p > 0.025). 
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the 6- and 12-month follow-up. Possible causes of the ob-
served lung function loss are ongoing progression of em-
physema, overexpansion of the nontreated ipsilateral 
lobe  [4] , and loss of EBV function. The durability of the 
treatment effect of improved lung function after the first 
year of successful treatment with EBV needs to be ex-
plored in larger studies with longer follow-up, which are 
currently underway (NCT01796392).

  Importantly, also at 1 year, the benefit from EBV treat-
ment was maintained not only in patients with a hetero-

geneous emphysema distribution on high-resolution CT, 
but also in patients with homogeneous emphysema. Re-
cently published data from a randomized clinical study in 
patients with homogeneous emphysema showed the ben-
efits of EBV treatment at 3 months  [3] . The present data 
provide important long-term (12 months) observations 
of persistent benefits in patients with homogeneous em-
physema with limited treatment options including no 
surgical alternatives, with the NETT trial showing that 
surgical lung volume reduction in patients with a homo-

80

60

40

20

0

–20

100

–40

FE
V 1

, %
p < 0.001 p < 0.001 p < 0.001

p < 0.001

p < 0.001 p < 0.001

p < 0.001

p = 0.096

p < 0.001

p < 0.001

p < 0.001

p = 0.010
500

0

–1,500

–2,500

–500

–3,500

RV
, m

L

200

150

100

50

0

–50

250

–100

6M
W

D
, m

20

0

–20

–40

–60

40

–80

SG
RQ

, p
oi

nt
s

Mean difference
Baseline

6 months

12 months

Fig. 3. Individual patient outcomes compared to baseline at 6 months and 1 year of follow-up of the patients who 
attended the voluntary 1-year follow-up visit ( n  = 40). The data are presented as change from baseline to 6 months 
and 1 year of follow-up. FEV           1 , forced expiratory volume in 1 s; 6MWD, 6-min walk distance, RV, residual vol-
ume; SGRQ, St. George’s Respiratory Questionnaire.
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geneous emphysema is associated with higher mortality 
as compared to medical controls  [19] .

  Pneumothorax was the most important serious ad-
verse event in the first 6 months of the STELVIO trial, 
occurring predominantly during the immediate post-
treatment period when patients were still hospitalized 
and under observation. In this 1-year follow-up study, no 
additional pneumothoraces were observed between 6 and 
12 months. Despite this encouraging observation, future 
pneumothoraces may still occur, although it will be dif-
ficult to discriminate between treatment-related and 
spontaneous pneumothoraces. Another device-related 
event after 6 months of follow-up was permanent valve 
removal because of valve dislocation due to formation of 
granulation tissue, resulting in complaints like coughing 
and loss of valve efficacy. Formation of granulation tissue 
in response to implanted devices is a well-known and 
therapeutically challenging problem, also encountered 
after placement of central airway stents  [20] . Removing 
the valves indeed resolves this granulation tissue forma-
tion; however, the beneficial lung volume reduction ef-
fects also disappear. Importantly, follow-up spirometry 
data from patients who were not able to retain their valves 

showed both FEV 1  and FVC values comparable to base-
line values at a median of 399 days after valve removal. 
One might consider surgical lung volume reduction in 
patients who demonstrate significant initial clinical ben-
efit from the valve treatment, but were unfortunate to de-
velop local airway granulation formation, leading to per-
manent valve removal  [21] .

  Eight patients did not attend the 1-year follow-up vis-
it, which could bias the outcome measures. Therefore, we 
collected the individual spirometry data from the pa-
tients’ local hospitals. For these data, the conditions un-
der which spirometry was performed were not know 
(pre- or postbronchodilator). The available data were 
predominantly assessed over more than 1 year after EBV 
treatment. The external spirometry data showed that only 
1 patient had a decrease in both FEV 1  and FVC compared 
to baseline. In 4 patients, both FEV 1  and FVC and in 2 
patients FVC were still improved compared to the base-
line values, indicating that our results would not have 
been materially altered, even if they had visited our insti-
tution for their follow-up visit.

  Our study demonstrated a statistically significant and 
clinically relevant improvement in the BODE index at the 

 Table 3. Serious adverse events at 1 year of follow-up in all treated patients (n = 64)

Event 0 – 6 months
of follow-up

6 months to 1 year
of follow-up

Death (3%) 1 1
COPD exacerbation (14%) 7 2
Pneumonia (8%) 3 2

Pneumonia treated lobe 1 2
Pneumonia nontreated 2 0

Pneumothorax (22%) 14 0
Valve replacement (17%) 8 3

Valve expectoration 3 0
Valve migration/dislocation 3 3
Increased complaints without benefit 1 0

Valve replacement with finally permanent valve removal (5%) 2 1
Permanent valve removal (17%) 9 2

Recurrent pneumothorax 4 0
Torsion of the bronchus 2 0
Pneumonia distal to valve 1 0
Granulation tissue and/or lack of efficacy 2 2

Stroke (3%) 2 0
Paroxysmal atrial fibrillation (2%) 1 0

Serious adverse events were all adverse events which were fatal, required or prolonged hospitalization, caused 
substantial risk of dying at the time of the event, resulted in permanent impairment of a body function, or required 
medical or surgical intervention to prevent permanent impairment of a body function. COPD, chronic obstructive 
pulmonary disease.
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1-year follow-up. Two large randomized trials  [22, 23]  
using the same EBV demonstrated comparable results 6 
months after treatment, but only in patients with intact 
fissures and successful lobar occlusion  [24] . Patients who 
underwent lung volume reduction surgery also demon-
strated similar improvements in the BODE index after 6 
months. This improvement in the BODE index was as-
sociated with a significant decrease in mortality  [19] . Pro-
longed survival of subjects treated with EBV who achieved 
lobar atelectasis was also suggested in multiple cohorts 
 [25–27] . While the data in our study has shown an im-
provement in the BODE index, suggesting a survival ben-
efit, longer-term follow-up after EBV treatment is neces-
sary to better investigate this potential survival benefit.

  The uncontrolled study design after 6 months of fol-
low-up in the present study is a limitation of our cohort 
study. We cannot correct for potential placebo effects; 
however, the efficacy outcomes in the original STELVIO 
trial were controlled with patients who did not receive 
EBV treatment, and these patients did not show any im-
provement after 6 months of follow-up.

  A randomized controlled trial with a 1-year follow-up, 
ideally with a larger number of patients, would be useful 
to confirm our results. Another limitation is that not all 
patients who retained the valves were able to attend the 
voluntary 1-year follow-up visit, resulting in a smaller 
number of patients assessed at 1 year.

  In summary, we present the 1-year follow-up results of 
patients with severe emphysema and absence of collateral 
ventilation who were previously treated with one-way EBV 
in the “STELVIO trial.” We demonstrated clinically rele-

vant and significant improvements in pulmonary func-
tion, exercise capacity, and quality of life, with good re-
sponder rates at 1 year after EBV treatment. An important 
observation is that no pneumothoraces occurred between 
6 and 12 months of follow-up, in contrast to the 20% pneu-
mothorax rate in the first weeks after treatment. Valve re-
placement or permanent valve removal can be required. 
We conclude that this 1-year follow-up study supports the 
use of EBV treatment in carefully selected patients with 
severe emphysema without collateral ventilation.
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