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Introduction

Lung volume reduction surgery (LVRS) has been shown to 
improve pulmonary function, maximal workload, quality 
of life, and even survival in patients with both upper-
lobe predominant emphysema and low base-line exercise 
capacity (1). However, among patients with non-upper-lobe 
emphysema distribution, mortality was higher in the LVRS 
group compared to the best supportive care group due to 
several reasons (1). This finding, in addition to a publication 
from the same authors titled “Patients at high risk of death 
after lung-volume-reduction surgery (2)” have led to a 
global decline of LVRS procedures (3). Simultaneously, new 
non-invasive approaches with bronchoscopic techniques for 
lung volume reduction have been emerging because lower 
mortality and complication rates seemed reasonable (4,5).  
Since then, essentially four methods of bronchoscopic 
lung volume reduction (BLVR) have been investigated 
in multiple, randomized trials and cohort studies. Plugs 
and valves are used to create lobar atelectases, foam or 

vapor is applied in order to shrink overinflated segments 
and coils are placed aiming to increase the elastic recoil 
of the emphysematous lung parenchyma. Details of these 
techniques concerning indications, patient selection and 
efficacy are described elsewhere in this issue. In the following 
sections, we discuss relevant device- and procedure-related 
complications and their management. 

Complications after valve treatment

The primary goal of BLVR using endo- or intrabronchial 
valves is to close the feeding bronchi of an overinflated lobe, 
thereby achieving lobar atelectasis, which eventually leads 
to the desired lung volume reduction effect. Device- and 
procedure-related complications are listed in Table 1. 

The most prevalent complication is pneumothorax in up 
to 26% of cases due to compensatory over-expansion of the 
ipsilateral untreated lobe (6). However, the risk of a life-
threatening tension pneumothorax is roughly unknown. 
In fact, it remains debatable, if a pneumothorax after valve 
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treatment should be regarded as a complication or could be 
called a treatment effect, analogously to chest tube drainage 
after LVRS. However, there are several publications 
reporting strategies to anticipate, predict or treat 
pneumothoraces after valve treatment. In one prospective 
study, Herzog et al. investigated the effect of modified 
medical care on pneumothorax rate compared to standard 

care. Their approach includes bedrest for 48 hours after 
valve placement and cough suppressant therapy (12). They 
found that modified medical care could significantly lower 
the pneumothorax rate from 25% to 5% (12). In addition, 
Gompelmann et al. identified low attenuation volume of 
the ipsilateral untreated lobe, ipsilateral untreated lobe 
volume/hemithorax volume ratio, emphysema type, pleural 
adhesions and residual volume as significant predictors of 
pneumothorax (13). However, no single risk factor has been 
identified that could influence the decision making whether 
and how a patient should be treated or excluded from valve 
therapy because of a potentially fatal tension pneumothorax. 
Therefore, it has become common practice to not treat 
these patients as outpatients but keep them in the hospital 
under surveillance having an emergency drainage set 
available. Finally, an expert panel has recently published 
recommendations for the treatment of a pneumothorax 
after valve treatment (14). 

Interestingly, according to the major randomized trials 
for valve treatment (VENT, BeLieVeR-HIFi, STELVIO, 
IMPACT and TRANSFORM), other serious adverse 
events, including chronic obstructive pulmonary disease 
(COPD) exacerbation, pneumonia, hemoptysis and death 
did not show significantly higher prevalences in valve 
treated patients compared to controls (6-10). However, care 
providers must be aware of potentially fatal complications, 
such as post-valvular pneumonia with septic shock (Figure 1)  
or severe hemoptysis with subsequent respiratory failure 
(Figure 2). Recently, a case of severe hypersensitivity 
pneumonitis in a patient with Nickel allergy treated with 
endobronchial valves (15). In addition, the authors detected 
loss of Nickel ions from valves in in vitro experiments. 
Although a causative relationship remains indeed speculative 
and valves are merely made of Nitinol (Nickel alloy) rather 
than Nickel, valve placement in patients with distinct 
symptoms of Nickel allergy should only be done with caution. 

According to the 1-year follow-up data from the 
STELVIO trial, valve replacement or permanent valve 
removal were necessary in 17% each for different reasons 
(valve expectoration, valve migration, pneumonia, increased 
complaints without benefit, recurrent pneumothorax, 
torsion of bronchus, and granulation tissue formation) (11).  
The latter is to date an unsolved problem, which is also 
frequently seen after airway stenting (Figure 3). The 
interaction between the mucosa and any foreign body bears 
the risk of adverse tissue reactions which in case of valves 
can lead to impaired functions. Companies are currently 
working on drug-eluting stents to prevent overwhelming 

Table 1 Device- and procedure-related complications after endo-/
intrabronchial valve placement

Complication Rates (%)

Pneumothorax* 8–26

COPD exacerbation 5–64

Pneumonia 0–9

Hemoptysis 2

Valve migration 5–6

Valve expectoration 0–16

Granulation tissue formation 3

Death 0–3 

Reported complication rates according to VENT, BeLieVeR-
HIFi, STELVIO, IMPACT and TRANSFORM (6-11). *, P<0.0001 
compared to control group; not significant compared to control 
group. COPD, chronic obstructive pulmonary disease.

Figure 1 Post-valvular pneumonia. Axial chest CT (mediastinal 
window) with evidence of severe consolidation 6 months after 
successful BLVR with endobronchial valves in the left lower lobe 
in a 51-year-old patient with α1-antitrypsin deficiency and severe 
emphysema, suggesting “post-valvular” pneumonia. After valve 
removal and antibiotic treatment, the patient fully recovered. 
Several months later, successful lung volume reduction surgery was 
performed. BLVR, bronchoscopic lung volume reduction.
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granulation tissue formation, which may also be translated 
into valve technology. 

Complications after coil treatment

The most frequent complication after coil implantation is 

COPD exacerbation in up to 18% of cases (16). However, 
COPD exacerbations were not significantly more prevalent 
compared to usual care in either of the three major 
randomized trials (16-18). By contrast, pneumonia or 
lower tract respiratory infections were significantly more 
prevalent in coil treated patients (up to 20%) compared 
to usual care (4.5%) (16,17). A new entity has emerged 
that runs any the term: “coil-associated opacities”. 
The radiological finding is difficult to distinguish from 
pneumonia. The awareness has been increasing after 
the publications of these trials, the clinical importance 
is not really clear. In fact, the true pathogenesis of these 
opacities is unknown. In addition, it is a matter of debate, 
if coil-associated opacities may enhance the beneficial 
effect on pulmonary function on the long-term. The 
incidences of pneumothoraces after coil-implantation 
range between 5–9% (16-18). In rare cases, pneumothorax 
can be caused be direct  coi l  perforat ion of  lung 
structures, even spiking into the pleural space (Figure 4).  
In two of our cases thoracoscopic coil removal and 
wedge resection were necessary to treat these iatrogenic 
pneumothoraces. It is debatable whether we had placed the 
coils to far distally in first place but other clinicians should 
be aware of these possible complications requiring the help 
of thoracic surgeons. Hemoptysis after coil implantation 
is reported in up to 3% of cases (17). The majority of 
hemoptysis cases are of light to moderate degree with 
spontaneous termination of the bleeding. Only in very rare 
cases, bronchoscopic intervention with topic instillation 
of vasoconstrictors or insertion of a bronchus blocker 

Figure 2 Bleeding after BLVR with valves. Axial chest CT (lung 
window) with consolidation and ground-glass opacities in a 
73-year-old patient with severe emphysema presenting with major 
hemoptysis 3 years after successful BLVR with endobronchial 
valves in the left lower lobe. At emergency bronchoscopy, the 
cause of bleeding was mucosal erosion. Therefore, the valves had 
to be removed and the bleeding was stopped with argon plasma 
coagulation after topical instillation of a vasoconstrictor. BLVR, 
bronchoscopic lung volume reduction.

Figure 3 Granulation tissue. Bronchoscopic view into anterior 
segment of left lower lobe 9 months after unsuccessful BLVR 
with endobronchial valves in the left lower lobe in a 72-year-old 
patient with evidence of granulation tissue formation in front of 
endobronchial valve (valve covered by granulation tissue). BLVR, 
bronchoscopic lung volume reduction.

Figure 4 Coil perforation (arrow). Thoracoscopic view on 
left upper lobe/lingual with perforated lung volume reduction 
coils 2 days after BLVR. The coils could be easily removed, and 
the perforated area was sealed with wedge resection. BLVR, 
bronchoscopic lung volume reduction.
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is needed. In a single case refractory we had to perform 
selective bronchial artery embolization to stop the bleeding. 

Complications after thermic and chemical lung 
volume reduction

Details of chemical LVR using a lung sealant (AeriSeal®, 
PulmonX, Redwood, CA, USA) and bronchoscopic thermal 
vapour ablation (BTVA, Bronchus Inc.) are both explained 
elsewhere in this issue. In an early safety study on 20 
patients, there was a 5% procedure-related mortality after 
chemical LVR due to tension pneumothorax and subsequent 
nosocomial sepsis (19). COPD exacerbations and lower tract 
respiratory tract infections or pneumonitis were seen in 
15% each. Another small study demonstrated no treatment-
related deaths in a series of 25 patients using endoscopic 
lung sealant (20) but COPD exacerbations occurred in 
40% of these patients. Apart from that, the authors were to 
first to show that sealant therapy was routinely associated 
with a flu-like symptoms beginning 8–24 hours following 
treatment with elevated inflammation markers and dyspnea 
in all investigated patients. These signs usually disappeared 
after 24 hours or were successfully treated with antipyretics 
and corticosteroids if they lasted more than 24 hours (20).  
Currently, endoscopic lung sealant treatment is not 
commercially available. Studies on a safer application with 
altered ingredient dosages are under way. 

Like foam sealant treatment vapor application is another 
irreversible measure that causes volume reduction by a 
combination of intended obstruction and induction of 
scarring. After BTVA, the most frequent complications 
were lower respiratory tract infection or pneumonia in 
18–25%, followed by COPD exacerbation in 20–24% 
and self-limiting hemoptysis in 2–7% (21,22). Most of the 
respiratory adverse events occurred in the first 90 days 
after treatment, and all of them were treated with standard 
medical care with corticosteroids and antibiotics. Only a 
minority of patients (7%) in the treatment arm required 
significant medication intervention (intensive care unit stay 
or re-bronchoscopy) (23). 

Conclusions

Despite its minimal invasiveness and using a natural 
orifice, BLVR is not without a considerable risk of harm. 
However, with proper patient selection and education, 
continuing training of treating physicians and allied health 
care professionals with in-depth knowledge on possible 

complications, and ongoing clinical studies and prospective 
registers, non-invasive bronchoscopic treatments can be 
offered to a wide range of patients with emphysema with an 
acceptable safety profile. 

Additional comment: judging risks and severity of side 
effects depends on the perspective. The authors’ experience 
is that emphysema who really suffer from their terrible 
disease are in most cases prepared to accept the risks of 
possible complications even if those are fully explained 
to them as they do not want to continue living with their 
disabilities.
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