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Patients with severe emphysema suffer from chronic 
dyspnea, poor exercise tolerance, and suboptimal quality 
of life. Despite typical treatments for emphysema which 
include pharmacotherapy, smoking cessation, pulmonary 
rehabilitation and supplemental oxygen, patients with 
emphysema typically remain functionally limited (1). While 
lung volume reduction surgery (LVRS) can be considered 
for individuals suffering from end-stage chronic obstructive 
pulmonary disease (COPD) with upper lobe predominant 
disease with low exercise capacity, as demonstrated by the 
NETT trial, it is associated with significant perioperative 
morbidity and mortality (2,3). Bronchoscopic lung volume 
reduction (BLVR) is a less invasive and safe alternative to 
LVRS for patients with severe emphysema (4).

Patients with significant emphysema with associated 
hyperinflation, coupled with an emphysematous target lobe 
without collateral ventilation are ideal candidates for BLVR. 
Bronchoscopic placement of endobronchial valves (EBVs) 
induces atelectasis of a target lobe with an associated 
reduction in residual volume (RV). This reduction results 
in improved diaphragmatic movement, with a decreased 
dependence on intercostal and accessory muscles.

Post-procedural complications following BLVR 
include pneumothorax, COPD exacerbations, and valve 
dislodgement. These complications typically occur in 
the immediate post-procedural period, within 72 hours 
of the procedure. Close monitoring of patients following 
BLVR is essential because of the underlying comorbidities 
of the patient population. After valve placement, if 

patients develop persistent cough, recurrent pneumonia, 
hemoptysis, or chest discomfort, computed tomography 
(CT) scans and bronchoscopy are typically offered to assess 
for complications (5).

The development of a unilateral simple pneumothorax is 
the most common complication associated with BLVR (6). In 
rarer cases, patients may develop post obstructive pneumonia, 
hemoptysis, airway kinking, shunting related hypoxia, and 
persistent cough related to granulation tissue, valve migration, 
malposition, and airway tenting as reported by the LIVE, 
BeLieVeR-HiFi, and TRANSFORM trials (7-9).

Post-procedure pneumothorax is more likely to develop 
in patients who develop rapid atelectasis (Figure 1). The 
consideration of pneumothorax as a “complication” 
is somewhat debatable as this result may be more of a 
treatment effect. Conformational change in the collapsed 
lung after valve placement may lead to tears in ipsilateral, 
untreated lobe of the lung, leading to a pneumothorax. 
Another mechanism of pneumothorax in these patients may 
be the sudden change in elastic recoil after valve placement 
with alterations in the tension in bullous areas of lung.

Intercostal drainage using a chest-tube is the standard 
treatment for a simple unilateral pneumothorax following 
BLVR. A variety of treatment options can be considered 
for more complex cases with a high-flow air leak. In most 
cases, standard management of a persistent high-flow air 
leak includes observing the patient in the hospital until 
resolution or discharging home with a chest tube. In some 
cases, especially when a patient cannot be liberated from 
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Figure 1 Post-procedure pneumothorax. (A) Immediate post-BLVR pneumothorax; (B) resolution of post-BLVR pneumothorax following 
pigtail chest tube placement. BLVR, bronchoscopic lung volume reduction. 

wall-suction or if significant subcutaneous emphysema 
develops, either temporary removal of a single valve, or 
complete removal of all valves should be considered. A 
prospective study by Herzog et al. investigated if differences 
in post-procedure care influenced rates of pneumothorax 
development (10). They showed that patients who 
underwent bedrest for 48 hours with cough suppressant 
therapy had significantly lower rates of pneumothorax, from 
25% to 5%. Identifying those at higher risk for development 
of pneumothorax may help guide decisions regarding which 
patients need closer monitoring. Gompelmann et al. showed 
that patients with low attenuation volume of the ipsilateral 
untreated lobe, low ipsilateral untreated lobe volume/hemi 
thorax ratio, emphysema type, pleural adhesions, and low 
RV were predictors for development of pneumothorax (11).

Pneumothorax ex vacuo is an unfilled space within 
the pleural cavity. This results from the inability of the 
untreated, ipsilateral lobe to expand into the vacant pleural 
cavity after target lobe deflation. Pneumothorax ex vacuo 
typically does not require intercostal thoracotomy drainage 
and is typically self-resolving (12).

The LIBERATE trial was the pivotal multicenter 
randomized controlled trial that assessed the effectiveness 
and safety of Zephyr EBVs and showed improvements in 
lung function, exercise tolerance, dyspnea, and improved 
quality out life after 12 months (13). Simple, unilateral 
pneumothorax was the most common complication 
after EBV placement at 27% frequency, with 76% of 
pneumothoraces occurring within 3 days after index 
procedure.

Acute COPD exacerbation is the second most common 
complication following EBV placement, with a rate ranging 

anywhere from 4.6% to 42.3% (14). This wide range is 
thought to be related to subjective clinical diagnosis of a 
COPD exacerbation, varying practices among centers, as 
well as variations in post-procedure time frames. Abia-
Trujillo et al. conducted a multicenter retrospective analysis 
to assess the effects of prophylactic steroids and antibiotics 
on COPD exacerbations. They defined acute COPD 
exacerbation as a sustained acute worsening of a patient’s 
respiratory symptoms beyond normal day-to-day variations 
leading to a medication change, as stated by the Global 
Initiative for Chronic Obstructive Lung Disease (GOLD). 
Worsening symptoms were considered increased cough, 
sputum production or dyspnea. The period of “acute” 
was defined as onset of symptoms occurring within first  
90 days after EBV placement. They showed that patients 
who received prophylaxis had significantly lower rates of 
acute COPD exacerbation than those who did not (16.7% 
vs. 46.2%, P=0.0001). The rate was lowest in the group who 
received antibiotics alone vs. those who received both, or 
steroids alone (15).

The presence of adhesions increases the chances of 
complications following BLVR. Adhesions are reported in 
up to 18% of patients undergoing EBV placement. Central 
airway tenting is seen after valve induced atelectasis as 
the position of the remainder lobes and airways changes. 
Occasionally, this results in bronchial folding and airway 
narrowing and bronchial angulation. This phenomenon 
has been reported in less than 5% of patients undergoing 
the procedure (5). Patients with bronchial angulation 
may present with persistent cough, dyspnea, and mucus 
plugging. If symptoms are mild, valves do not necessarily 
have to be removed. Other reasons for poor valve function 
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are related to excessive mucus impaction, or bacterial or 
fungal colonization. Rarer infectious complications include 
fungal infections of the valve, lobar abscesses and cavitary 
lesions. There is limited literature regarding direct fungal 
infections of EBVs, though those who are colonized 
with candida albicans are at higher risk (16). Along with 
antifungal therapy, these valves often require removal for 
source control. Similarly, those with cavitary lesions should 
be worked up for nontuberculous mycobacteria infections 
and mycobacterium tuberculosis, particularly for those who 
are immunocompromised. These patients require prolonged 
courses of treatment, and sometimes require valve removal.

Dislodgement of an EBV may lead to partial airway 
obstruction and allowing for expansion of the target  
lobe (17). Valve dislocation can occur due to granulation 
tissue formation, bronchomalacia, or bronchitis. Valve 
migration can occur spontaneously, when there is 
mispositioning, or when an incorrect EBV size is placed. 
Clinically, valve migration can be detected with sudden 
dyspnea and chest discomfort. When CT imaging suggests 
valve dislocation or untreated airway, patients need to 
undergo revision bronchoscopy. Even if CT imaging 
is inconclusive, a revision bronchoscopy is sometimes 
necessary to assess for small missed subsegments or to assess 
partially misplaced valves (18).

Minor hemoptysis can also occur following BLVR 
procedure and is often self-limited. Most cases of 
hemoptysis are due to granulation tissue formation at 
the site of the valves or mucosal ulceration due to valve 
movement (Figure 2). If the degree of hemoptysis is 
significant, bronchoscopic evaluation is necessary. If 
hemoptysis is severe, valve removal or even endovascular 

interventions may be necessary.
There are important factors to consider when assessing 

the success of EBV placement, the most important being 
the absence of collateral ventilation between the treatment 
target and ipsilateral lobe, which is primarily verified using 
the Chartis System. Despite ruling out the presence of 
collateral ventilation, responder rates varied widely in four 
large clinical trials (IMPACT, STELVIO, TRANSFORM, 
LIBERATE) that used Chartis, with responder rates 
ranging anywhere from 40% to 87%. Still, only 13% of 
these patients underwent permanent EBV removal. One 
hypothesis that has gained traction is that distribution of 
emphysema plays a larger than previously realized role 
in success outcome. Hartman et al. showed in a cohort of 
428 patients with a mean 38 pack year smoking history, 
that non-responders had significantly less destruction, less 
air trapping, and higher perfusion in the target lobe than 
responders. Given their findings, they concluded that those 
with a more homogenous distribution of emphysema (with 
less air trapping and more perfusion) were less likely to be 
non-responders to EBV placement (19).

Understanding the concept of air trapping and how this 
concept relates to successful EBV placement is important. 
Over time, air trapping and lung hyperinflation develop 
in patients with COPD, with eventual obstruction with 
expiratory flow limitations, and both static and dynamic 
hyperinflation. Conventionally, hyperinflation has been 
defined by a total lung capacity (TLC) of >120% of the 
predicted value. Others suggest that RV or RV/TLC may 
be more reliable for assessing static hyperinflation. Other 
studies suggest that plethysmography derived TLC can 
overestimate volume, especially in severe obstruction, 
whereas helium may underestimate TLC due to difficulty 
for the gas to reach parts of the lung. These considerations 
are important when assessing optimal target lobes for EBV 
placement as the degree of air trapping and heterogeneity 
of the diseased lobe may differ depending on the method 
used for assessment. These disparities may contribute to 
some of the inconsistent conclusions that have been made 
by different studies (IMPACT, STELVIO, TRANSFORM, 
LIBERATE) regarding outcome success between patients 
with homogeneous and heterogeneous disease (20).

BLVR offers benefits in terms of lung function and 
quality of life that is safe for patients with advanced 
emphysema Though there are potential risks and adverse 
effects to consider, benefits typically outweigh risks. As EBV 
technology continues to evolve these risks may become 
less significant. Ineffective results after EBV placement 

Figure 2  Granulation tissue formation on EBVs. EBV, 
endobronchial valve.
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remains one of the most undesirable outcomes, and is 
typically due to the presence of collateral ventilation, mucus 
impaction, and/or bronchial hyper responsiveness after 
valve placement. Optimal patient selection with regards to 
not just the absence of collateral ventilation, but also with 
regards to heterogeneity of the target lobe, degree of air 
trapping (and how air trapping is measured), perfusion, 
among other factors, need to be considered in a holistic 
multidisciplinary fashion moving forward to increase the 
likelihood of a successful outcome.
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