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Abstract
For selected patients with advanced emphysema, broncho-
scopic lung volume reduction with one-way valves can lead 
to clinically relevant improvements of airflow obstruction, 
hyperinflation, exercise capacity, and quality of life. The most 
common complication of this procedure is pneumothorax 
with a prevalence of up to ±34% of the treated patients. Pa-
tients who develop a pneumothorax also experience mean-

ingful clinical benefits once the pneumothorax is resolved. 
Timely resolution of a post-valve treatment pneumothorax 
requires skilled and adequate pneumothorax management. 
This expert panel statement is an updated recommendation 
of the 2014 statement developed to help guide pneumotho-
rax management after valve placement. Additionally, mech-
anisms for pneumothorax development, risk assessment, 
prevention of pneumothorax, and outcomes after pneumo-
thorax are addressed. This recommendation is based on a 
combination of the current scientific literature and expert 
opinion, which was obtained through a modified Delphi 
method. © 2021 The Author(s)
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Introduction

For selected patients with advanced emphysema, bron-
choscopic lung volume reduction (BLVR) with one-way 
valves can lead to clinically relevant improvements of air-
flow obstruction, hyperinflation, exercise capacity, and 
quality of life [1–3]. Since 2019, BLVR with valves is ac-
knowledged in the COPD GOLD guidelines with evidence 
grade “A” as a treatment option for patients with severe 
hyperinflation and severe emphysema and no collateral 
ventilation between the target lobe and ipsilateral lobe(s) 
[4]. The inclusion of BLVR treatment with valves in glob-
al treatment guidelines and increasing coverage by medi-
cal insurance in an increasing number of countries have 
resulted in a sharp increase in the number of BLVR valve 
procedures worldwide [3, 5]. With an increasing number 
of procedures worldwide, there will also be an increase in 
the absolute number of adverse events related to BLVR 
procedures with valves. The most common complication 
associated with valve procedures is a pneumothorax, 
which occurs in 4.2–34.4% of treated patients [6, 7].

This consensus statement provides an updated recom-
mendation of the in 2014 published expert statement on 
pneumothorax associated with endoscopic valve therapy 
for emphysema [8] developed by an expert panel to help 
guide pneumothorax management after valve placement. 
Additionally, mechanisms for pneumothorax develop-
ment, risk assessment, prevention of pneumothorax, and 
outcomes after pneumothorax are discussed.

Methods

For this expert statement we reviewed the current scientific lit-
erature. However, for many of the topics discussed in his report 
there is no or inconclusive scientific evidence. To achieve expert 
consensus on these topics we performed a modified Delphi meth-
od [9], with a panel of 9 experts with extensive experience in BLVR 
with valves (median number of valve procedures performed was 
>300 [range minimum 70–maximum 1,000]). Themes of the ques-
tionnaires were: risk assessment, prevention, diagnosis, and treat-
ment of pneumothorax after valve placement, and patient educa-
tion. Two rounds were held given the prespecified criteria: 8/9 ex-
perts completed the first round, and 9/9 of the invited experts 
completed the second round.

An extensive description of the modified Delphi procedure, the 
questionnaires and outcomes can be found in the online suppl. 
material; see www.karger.com/doi/10.1159/000516326 for all on-
line suppl. material. Furthermore, for each statement on consensus 
between experts in this article there is a reference to the relevant 
question and round in the online suppl. material. For example, 
“Finally, there was consensus regarding homogeneous emphyse-
ma distribution and a fast development of atelectasis after valve 
placement as risk factors [Q1,R2]” (Q = question, R = round).

Brief Overview of Valve Procedure
Patients with severe emphysema, severe static hyperinflation 

(residual volume [RV] >175%pred in heterogeneous emphysema, 
RV >200%pred in homogenous emphysema) and no collateral 
ventilation between the target lobe and ipsilateral lobe(s) are eli-
gible for valve treatment [10, 11]. Contraindications are severe gas 
exchange impairment, severe airway pathology, frequent infec-
tious exacerbations, and/or important cardiopulmonary comor-
bidity (e.g., suspicious pulmonary nodules, pulmonary fibrosis, 
and severe heart failure) [3, 10].

The preferred target lobe is the lobe with the most diseased lung 
tissue. In case of more than one potential target lobe, nuclear scan-
ning can help identify the lobe with the least perfusion. The degree 
of heterogeneity should also be taken into consideration especially 
as treating a lobe where the ipsilateral lobe is better preserved has 
more favorable outcomes. Collateral ventilation can be assessed 
with quantitative CT analysis and/or measured during bronchos-
copy with the Chartis® System (Chartis Pulmonary Assessment 
System, Pulmonx Corporation, Redwood City, CA, USA). The 
procedure for valve treatment is preferably performed under gen-
eral anesthesia using flexible or rigid intubation. An alternative 
option is moderate to deep conscious sedation with spontaneous 
breathing. During bronchoscopy each airway of the target lobe 
should be totally occluded with one-way valves to prevent air flow 
into the treated lobe. Depending on the anatomy and airway sizes 
of the treatment lobe the valves are placed at the segmental and/or 
subsegmental level. Additional information on the optimal perfor-
mance of valve treatment can be found in the best practice recom-
mendations by Slebos et al. [10].

Mechanisms of Pneumothorax after Valve Placement
The atelectasis or volume loss that occurs in the target lobe fol-

lowing volume reduction allows the untreated ipsilateral lobe to 
expand to occupy the newly created space in the thoracic cavity. 
Brown et al. [12] showed that a part of the volume reduction in the 
target lobe is indeed redistributed to the ipsilateral lobe, with only 
a small portion redistributed to the contralateral lung. The expan-
sion of the ipsilateral nontargeted lobe, which can be rapid and 
substantial, may in some cases exceed its limits of plasticity creat-
ing a bronchoalveolar fistula resulting in a pneumothorax. Rup-
ture of blebs, bullae, and fragile lung tissue in the ipsilateral non-
treated lobe are believed to be important contributing causes to a 
pneumothorax (Fig. 1) [13]. Another mechanism could be paren-
chymal rupture due to pre-existing pleural adhesion(s) as the lobe 
volumes shift (Fig. 2). A pneumothorax that results in a bronchoal-
veolar fistula has the potential to progress and precipitate clinical 
deterioration over a short amount of time if not treated by chest 
tube insertion. Another mechanism of pneumothorax is a pneu-
mothorax ex vacuo [14]. In this condition, the lobar collapse re-
sults in an increase in the negative intrapleural pressure surround-
ing the collapsed lobe (Fig. 3). As a result, gas originating from the 
ambient tissues and blood are drawn into the pleural space sur-
rounding the collapsed lobe while the seal between the visceral and 
parietal pleura of the adjacent lobe or lobes remains intact [15]. No 
bronchoalveolar fistula is present in these cases, and the pleural air 
is expected to resolve spontaneously over time without the need 
for chest tube insertion. Typically, these patients have little to no 
symptoms, or already experience the induced lung volume reduc-
tion benefit. An interlobar pneumothorax is an uncommon occur-
rence after valve treatment, and can be difficult to diagnose on 
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chest X-ray [8]. Finally, a pneumothorax might theoretically also 
originate from the barotrauma response to the acute volume re-
duction in the treated lobe. In this instance, the absence of an air 
leak might be due to the valves closing the originating bronchi. 
These cases of pneumothorax are expected to be less extensive on 
X-ray, and patients report minimal or no complaints. A “wait-and-
see” policy is potentially successful in these patients.

Prevalence and Outcome of Pneumothorax after Valve 
Treatment
The prevalence of pneumothorax in randomized controlled tri-

als (RCTs) investigating treatment with valves was 4.2–34.4% in 
the treatment groups compared to 0–4% in the control groups (Ta-
ble  1) [6, 16–23]. For RCTs investigating endobronchial valves 
(Zephyr® EBV, Pulmonx Corporation, Redwood City, CA, USA) 

there was a clear increase in the prevalence of pneumothorax in 
more recent trials [19–21] compared to earlier trials [16–18]: 17.6–
34.4% versus 4.2–8%. The most likely explanation for this is a bet-
ter patient selection in the more recent trials where patients were 
only treated with endobronchial valves in the absence of collateral 
ventilation, which was measured during bronchoscopy with the 
Chartis System. The use of Chartis for optimal patient selection has 
led to a greater target lobe volume reduction, greater treatment ef-
fect, and subsequently more pneumothoraces (Table 1). Similarly, 
the relationship between atelectasis and postinterventional pneu-
mothorax was demonstrated in a case series of patients with em-
physema using the Spiration valve system (formally intrabronchi-
al valve) (SVS, Spiration Inc./Olympus Respiratory America, Red-
mond, WA, USA) [24]. In this trial, where patient selection was 
based on QCT (to determine absence of collateral ventilation) and 
not all patients received a full lobar occlusion with valves, the over-
all incidence of pneumothorax during a 12-month period was 
12.1%. However, analysis of those patients who underwent a com-
plete lobar exclusion (only of the left upper lobe) revealed a pneu-
mothorax rate of 29% [24]. In the more recent EMPROVE trial 
with the SVS, quantitative CT analysis was used to assess the risk 
of collateral ventilation [23]. In this study, the pneumothorax rate 
was 25.7% in 113 treated subjects, similar to pneumothorax rates 
in the trials using Chartis and EBVs.

The majority of pneumothoraces (up to 86%) occur within the 
first 3 days after treatment [6, 23, 25, 26]. In general, the outcome 
of pneumothorax after valve treatment is resolution of the pneu-
mothorax and there are no long-term sequelae. However, pro-
longed air leak is common. For example, in one retrospective trial 
the air leak persisted for over a week in 68% of pneumothoraces 
[27]. Of 799 patients who were treated in 9 RCTs, a fatal pneumo-
thorax occurred in 6 patients (0.75%), and represents 4.6% of all 
patients with a pneumothorax [6, 16–23]. Post hoc analysis of the 
pneumothorax events in the LIBERATE Study revealed that if the 

a b

Fig. 1. a Pneumothorax and large bulla in the right lower lobe after valve treatment of the right upper lobe.  
b Example of VATS-resected lung tissue with ruptured bullae after valve treatment that caused a persistent sig-
nificant air leak.

Fig. 2. Pleural adhesions as observed during VATS. VATS, video-
assisted thoracoscopy.
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treated lobe was not the most diseased lobe (i.e., the second best 
target was chosen) and the emphysema destruction in the contra-
lateral lung was >60% (measured at −910 Hounsfield Units), the 
patient would be at a higher risk of death or require removal of all 
valves [6]. Of note, of the 6 fatal pneumothoraces mentioned above, 
4 were in patients who were not treated in the most diseased lung 
lobe and had emphysema destruction of >60% in the contralateral 
lung, one pneumothorax occurred in the contralateral lung and one 
tension pneumothorax occurred during the removal of valves.

“Real life” unpublished data from the University Medical Cen-
ter in Groningen (BREATHE-NL Registry, NCT02815683) shows 
similar outcomes compared to the scientific literature. Of the pa-
tients treated between September 2016 and March 2020, the overall 

pneumothorax rate after valve treatment was 16%, with the number 
of patients requiring a chest tube being 12% of treated patients.

A post hoc analysis of 3 prospective studies analyzing outcomes 
for patients who developed a pneumothorax after valve treatment 
demonstrated substantial reductions in the target lobar volume (65 
± 36%) at follow-up [27]. This is of particular clinical importance as 
patients with a >50% reduction in target lobar volume demonstrate 
clinically significant benefits in hyperinflation, exercise capacity, 
quality of life, and airflow obstruction [28]. A retrospective analysis 
of 70 patients with pneumothorax confirmed that a pneumothorax 
generally has no negative impact on the clinical status [29]. Further-
more, in another large retrospective analysis investigating long-
term effects of valve treatment, the occurrence of a pneumothorax 

a b

c d

Fig. 3. a Pneumothorax ex vacuo on a chest CT scan after valve treatment in the left upper lobe. The patient re-
ceived no intervention. The pneumothorax was asymptomatic and resolved within 4 weeks. b, c Pneumothorax 
ex vacuo on chest X-ray. d Complete pneumothorax for which acute intervention is needed.
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did not influence survival [30]. More recently, the LIBERATE trial 
demonstrated no differences in outcome for patients who did and 
did not develop a pneumothorax after valve treatment [6].

Predicting Pneumothorax: Risk Assessment
Since pneumothorax is a common adverse event following 

valve treatment, alertness for the occurrence of a pneumothorax 
after procedure should always be high. However, there are certain 
risk factors that are considered to increase the chance of a pneu-
mothorax or a poor outcome of pneumothorax after procedure 
(i.e., prolonged air leak or death; Table 2).

Pleural Adhesions
Pleural adhesions can be identified on a Chest CT scan as fi-

brotic bands with pleural involvement [31]. With respect to the 
presence of pleural adhesions and risk of pneumothorax, there is 
ambiguity in the literature. One retrospective study demonstrated 
an increased risk of pneumothorax in patients with a higher num-
ber or greater size of pleural adhesions [31], but in another retro-
spective study the presence of pleural adhesions was associated 
with a lower risk of pneumothorax [26]. In the large multicenter 

LIBERATE trial investigating Zephyr valves, the presence of pleu-
ral adhesions was not identified as a risk factor for pneumothorax 
[6]. Nevertheless, the expert panel does regard the presence of 
pleural adhesions (both number and size) as an important risk fac-
tor for pneumothorax after valve treatment, where adhesions in 
the untreated lobe are more likely to be contributing to the risk of 
developing a pneumothorax [Q1,R1].

Emphysema Phenotype
The presence of paraseptal emphysema was identified as a risk 

factor for the development of a pneumothorax by the expert panel 
[Q1,R1]. The presence of blebs or paraseptal cysts did not have a 
significant predictive value for a pneumothorax in either the pro-
spective LIBERATE trial or the retrospective analysis of Gompel-
mann et al. [6, 26]. Compared to centrilobular emphysema, pan-
lobular emphysema was found to be protective in the study by 
Gompelmann et al. [26].

Lobar Volumes and Emphysema Destruction
Gompelmann et al. [26] further identified a large difference in 

the volume of the target lobe versus the ipsilateral lobe(s), a high 

Table 1. Prevalence, treatment, and outcome of pneumothorax after BLVR with one-way valves

Trial Type of 
one-way 
valve

Follow-up, 
months

Treated 
patients, n

Pneumothorax Average TLVR, 
mL

Complete 
atelectasis, 
n (%)occurrence chest 

tube, n
valve 
removal, n

death from 
Ptx, n (%)

Ptx, 
n

patients with 
Ptx, n (%)

Sciurba et al. [16] Zephyr 3 214 9 9 (4.2) 6 Unknown 0 (0) 378.4 Unknown
Herth et al. [17] Zephyr 3 111 5 5 (4.5) 5 Unknown 0 (0) Unknown 20 (18)
Davey et al. [18] Zephyr 3 25 2 2 (8) 2 0 1 (4)# Unknown 8 (32)
Klooster et al. [19] Zephyr 6 34 6 6 (17.6) 5 3 0 (0) 1,366 (28–3,604) Unknown
Valipour et al. [20] Zephyr 3 43 12 11 (25.5) 12 5 0 (0) 1,195±683 Unknown
Kemp et al. [21] Zephyr 6 65 20 19 (29.2) 11 5 1 (1.5)$ 1,090±620 Unknown
Criner et al. [6] Zephyr 12 128 46 44 (34.4) 38 12 3 (2.3) 1,030±680 Unknown
Li et al. [22] SVS 6 66 5 5 (7.6) 5 0 0 (0) 757 Unknown
Criner et al. [23] SVS 6 113 32 29 (25.6) 12.4 11 1 (0.9) * 974±736 Unknown

Zephyr, Zephyr endobronchial valve; SVS, Spiration valve system; Ptx, pneumothorax; TLVR, target lung volume reduction; BLVR, bronchoscopic lung 
volume reduction. # Patient developed cough, and a decision was taken to remove the valves 49 days after they had been placed. At the time of removal, which 
was difficult, the patient developed a tension pneumothorax with an ongoing significant air leak, in-hospital cardiac arrest. * Pneumothorax in the contra-
lateral lung. $ Cardiac arrest during hospitalization for a pneumothorax.

Table 2. Possible risk factors for developing a pneumothorax after valve treatment and possible risk factors for a poor outcome of 
pneumothorax after valve treatment

Possible risk factors for a pneumothorax after valve treatment Possible risk factors for a poor outcome in case of pneumothorax after valve 
treatment

– Significant pleural adhesions in target lung
– Significant paraseptal emphysema
– Large difference in volume of the target lobe versus ipsilateral lobe(s)
– High emphysematous destruction score of ipsilateral nontreated lobes(s)
– Homogeneous emphysema distribution
– Rapid onset of atelectasis

– Target lobe not the most destructed lobe
– High destruction score in the ipsilateral lobe(s) and contralateral lung
– Pneumothorax in the best perfused lung
– Very severe airflow obstruction (FEV1 <15%)
– Severely impaired diffusing capacity (DLCO <20%)
– Severe chronic respiratory failure (PaCO2 >55 mm Hg, PaO2 <45 mm Hg)
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destruction score in the ipsilateral untreated lobe and a high baseline 
RV as factors increasing the risk of pneumothorax related to valve 
treatment. The volume difference between target and ipsilateral 
lobe(s) was also identified as a factor increasing the risk of pneumo-
thorax by the expert panel [Q1,R1]. Finally, there was consensus 
regarding homogeneous emphysema distribution and a fast devel-
opment of atelectasis after valve placement as risk factors [Q1,R2].

It has been hypothesized that the risk of pneumothorax follow-
ing valve treatment is higher for an upper lobe treatment compared 
to treatment in a lower lobe. Two trials did demonstrate a nonsig-
nificant trend toward more pneumothoraces when treating upper 
lobes as opposed to lower lobes [19, 32]. There was no consensus 
within the expert panel with respect to this risk factor [Q4,R1].

As mentioned above, post hoc analysis of data from the LIBER-
ATE trial revealed that patients not treated in the most diseased lobe 
(treated in secondary lobe in contralateral side) and in whom the 
emphysema destruction score was >60% at −910 Hounsfield Units 
on chest CT, were at a higher risk of a complex pneumothorax (de-
fined as leading to death or requiring valve removal) if one were to 
occur. The 3 patient deaths attributed to a pneumothorax event in 
this trial were later identified to be in this higher risk group [6].

In the large multicenter NETT, lung volume reduction surgery 
was demonstrated to have a positive effect on lung function, exer-
cise tolerance, and quality of life. However, during the trial a high-
risk patient category was identified who had a significantly higher 
90-day mortality (28.6 vs. 5.2%). These were patients with an FEV1 
of below 20% of predicted and either a homogeneous emphysema 
distribution or diffusing capacity (DLCO) below 20% of predicted 
[33]. Two retrospective trials investigated valve treatment in pa-
tients with an FEV1 <20% and DLco<20%, respectively, and dem-
onstrated no increased risk for pneumothorax or increased mor-
tality [34, 35]. However, these were both small trials and there was 
consensus between the expert panel that both a very severe airflow 
obstruction and severely impaired diffusing capacity at baseline 
increase the risk of a poor outcome (i.e., death or prolonged air 
leak) in case of pneumothorax postvalve treatment [Q2,R1]. Other 
factors identified by the expert panel that increase the risk of an 
unfavorable outcome in case of pneumothorax were high emphy-
sema destruction scores in the ipsilateral nontarget lobe and con-
tralateral lung, the development of a pneumothorax in the best 
perfused lung, and severely impaired gas exchange at baseline 
[Q2,R1; Q2,R2].

Preventing and Diagnosing Pneumothorax during and after 
Procedure
Experts have no consensus about strategies during valve proce-

dure in order to reduce pneumothorax risk [Q3,R1]. Some sugges-
tions are adjusting ventilator settings (low frequency ventilation, 
long expiration time), avoid tracheal intubation, administration of 
cough suppressants (opioids, lidocaine, codeine), reducing proce-
dure time, avoidance of suctioning after placement of the last valve 
and 24- to 72-h relative rest after procedure.

In a prospective analysis of patients treated with a new size 
Zephyr valve, Klooster et al. [36] found a very low pneumothorax 
rate (3%) despite a significant clinically relevant reduction in lung 
volume. The authors suggested that extubation of patients while 
they are deeply sedated with strong cough suppression for the first 
hour after treatment (intravenous lidocaine and opioids) and little 
to no mobilization until the morning after the procedure could be 
possible explanations for the low pneumothorax rate.

Staged placement of valves in the target lobe during 2 sequen-
tial bronchoscopy procedures has been reported to reduce pneu-
mothorax rate while providing clinically relevant lung volume re-
duction effect. Two single center uncontrolled case series reported 
a pneumothorax rate of 4.5 and 5.2% with sequential valve place-
ment [37, 38]. However, a staged placement of valves was not rec-
ommended by the expert panel [Q4,R1]. One argument for this 
could be that an additional bronchoscopy also increases risk of 
bronchoscopy-related complications [39]. Although the results 
from the case studies may appear encouraging, given the impact of 
changing the treatment strategy from 1 to 2 procedures, a solid 
RCT should be performed to give a conclusive answer.

Since the majority of pneumothoraces occurs in the first 3 days 
after valve treatment a hospital admission of at least 3 nights after 
the procedure is advised by the expert panel [Q6,R1]. Observation 
during hospitalization should include clinical examination, assess-
ment of vital signs at least once daily, and instructing the patient 
to immediately refer any chest pain or increase in dyspnea [Q8,R1; 
Q5,R2]. It is further recommended that multiple chest X-rays be 
taken during the hospital admission, with the first X-ray taken 
within a few hours after the procedure [Q9,R1]. In case of persist-
ing (severe) chest pain, increased dyspnea, lower oxygen satura-
tions, or the presence of a pneumothorax ex vacuo the expert pan-
el advises prolonging the hospital admission [Q7,R1]. One retro-
spective analysis found significantly less pneumothoraces in 40 
patients who were prescribed bed rest, and “as needed” codeine for 
the first 2 days after valve treatment compared to 32 patients with 
no restrictions on mobilization and no codeine (25 vs. 5%, p = 
0.02); there were no differences in clinical outcomes between the 
groups [40]. However, in this retrospective trial, the number of 
patients was limited, and hence, the expert panel has not recom-
mended any restriction on mobilization during hospital admission 
[Q10,R1]. One important concern for prescribing restrictive mo-
bilization during hospital admission may be the occurrence of a 
delayed pneumothorax posthospital admission.

Patient and caregiver education before hospital discharge is im-
portant and should include information about symptoms of an 
acute pneumothorax (acute dyspnea and/or chest pain), need to 
seek immediate emergency care, the emergency number and what 
information to provide to medical personnel, what activities to 
avoid and for how long [Q14,R1]. However, there was no consen-
sus between experts regarding the exact advice for patients with 
respect to household chores, physiotherapy, and air travel during 
the first weeks after treatment [Q11–13,R1]. This is probably in 
part because of differences in healthcare systems and whether trav-
el between hospital and home involves transportation by air.

Pneumothorax Management
Patients who are candidates for endoscopic valve therapy have 

severe emphysema with hyperinflation, impaired gas exchange, 
and exercise capacity. Thus, these patients are less likely to tolerate 
a pneumothorax than patients with a primary spontaneous pneu-
mothorax. Skilled and adequate pneumothorax management is 
therefore essential in this patient population and every pneumo-
thorax, in particular a tension pneumothorax, can be life threaten-
ing [24]. It is therefore recommended by the expert panel that all 
medical staff involved in the postprocedure care of these patients 
in an institution where valve treatments are performed are thor-
oughly educated in diagnosing a pneumothorax and pneumotho-
rax management [Q16,R1; Q6,R2]. An emergency kit for treating 
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pneumothoraces should be close at hand, at a minimum in the 
ward, but wherever possible, by the patient’s bedside [Q15,R1]. 
The recommended contents of the emergency kit can be found in 
Table  3. The updated management recommendation (Fig.  4), 
based on the consensus procedure by the expert panel, is intended 
to provide guidance for physicians dealing with these cases in clin-
ical practice. By following these recommendations, traumatic sce-
narios, prolonged drainage, extended hospital stays, and/or sur-
gery might be minimized in many cases.

Based on clinical signs and symptoms, the pneumothorax is 
classified as symptomatic or asymptomatic. If the pneumothorax 
is asymptomatic, clinical observation may be enough and a repeat 
X-ray is recommended. Patients with an asymptomatic pneumo-
thorax can be discharged if the pneumothorax is stable or improv-
ing on the chest X-ray and they are clinically stable [Q4,R2]. If 
clinical symptoms deteriorate or the size of the pneumothorax is 
enlarging, immediate insertion of a chest drain is required.

For every symptomatic pneumothorax insertion of a chest 
drain is required [Q17,R1]. The minimal advised chest drain size 
is 10–14 French [Q20,R1]. If available, an electronic drain system 
is preferable to a water seal system, provided the air leak is not too 
high for the electronic drainage system [Q21,R1]. Suction is gener-
ally not advised to start with but is an option in case of a clinically 
unstable patient, severe subcutaneous (“surgical”) emphysema or 
if the lung does not expand after one or more days of chest drain-
age [Q19,R1]. The chest drain can be removed when there has been 
no air leak for over 24 h and the pneumothorax is stable or improv-
ing on chest X-ray [Q11,R2]. Switching to a larger chest drain or 
placement of an additional chest tube should be considered in the 
following situations: If the patient is deteriorating, subcutaneous 
emphysema is increasing or there is a very high flow and the lung 
does not expand despite a functioning chest drain [Q22,R1]. Re-
moval of one or 2 valves can be considered in case of a persistent 
high air leak (i.e., >3 days) or if the patient clinically deteriorates 
[Q23,R1]. This is likely to return the target lobe to its (hyperin-
flated) pretreatment state and may promote pneumothorax heal-

ing by reestablishing pleural contact. The lack of full expansion 
and pleural sealing of the untreated lobe might however also be due 
to endobronchial mucus plugging requiring bronchoscopic suc-
tion. Replacement of valves can be considered after valve removal 
to manage a pneumothorax, but not within the first 5 weeks after 
the pneumothorax has resolved [Q25,R1]. There is no published 
data on recurrence of pneumothorax after valve replacement. 
However, in 2 expert centers, the recurrence rate was 17 and 29%, 
respectively.

In cases with a persistent air leak, performing a CT scan can 
also be considered to guide treatment options and/or rule out ab-
errant chest tube placement [Q12,R2]. Additional treatment op-
tions for a prolonged air leak are surgery, use of a Heimlich valve 
or mechanical or chemical pleurodesis [Q27,R1]. The timing and 
choice of the therapeutic approach may largely depend on the pa-
tient’s condition, patient preference, and the experience with and 
availability of these treatment options at the institution where the 
valve treatment was performed. In patients with severe heteroge-
neous emphysema, the surgical approach might be conducted with 
the intent of volume reduction, though high rates of cardiopulmo-
nary morbidity, and mortality need to be taken into consideration 
[41]. Most patients with a valve-associated pneumothorax how-
ever do not require surgical interventions and can be safely treated 
with a chest tube in the presence of a prolonged air leak. Discharge 
with a Heimlich valve can be considered, provided the patient is 
clinically stable, hospital care is nearby (<30 min) in case of drain 
dysfunction and the patient has been educated about drain care 
[Q8,R2; Q9,R2].

Limitations
This consensus statement has limitations. The scientific litera-

ture related to pneumothorax occurrence after valve treatment 
largely consists of post hoc and retrospective analyses. This intro-
duces an important selection bias and may also explain at least 
some of the discrepancies between the literature and expert opin-
ion. For example, patients with large bullae on the chest CT are 

Table 3. Recommendations for optimal postvalve treatment care in the ward based on consensus

Hospital admission for at least 3 nights
Prolong in case of (severe) chest pain, increased dyspnea, lower oxygen saturations, or the presence of a pneumothorax ex vacuo

High awareness of risk of pneumothorax
Training and education of medical staff
Clear information on procedure in medical charts

Multiple chest X-rays during admission
Emergency pneumothorax kit available on the ward*
Patient and caregiver education before discharge

Patient warning card
*Recommended contents of pneumothorax emergency kit

A chest tube (minimal size 10–14 French) and drainage system
A needle for immediate needle decompression
Materials for disinfecting the skin
Materials for local anesthesia
Surgical drapes
Sterile gloves, a sterile gown/scrubs, scrub caps, surgical mask
Materials for securing the chest drain (suture set, bandages, and tape)
Pigtail catheter
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commonly excluded from participating in trials investigating valve 
treatment. Thus, the fact that clinical trials did not find an elevated 
pneumothorax risk in patients with paraseptal bullae or blebs 
could be influenced by selection bias. Furthermore, the recom-
mendations presented here are largely derived from clinical expe-
rience and a consensus of expert opinions, rather than scientific 
evidence or intervention studies. However, by introducing a mod-
ified Delphi method, we have aimed to take a more systemic ap-
proach to establish the expert opinion. Nevertheless, there is still a 
need for further prospective research into both baseline predictors 
of a pneumothorax and management strategies of pneumothorax. 
This may help optimize the risk-to-benefit ratio of patients under-
going valve therapy for lung volume reduction.

Conclusion

The occurrence of a pneumothorax and its manage-
ment should be considered routine clinical care when 
performing BLVR with valves in patients who have pro-
gressive disease, severely compromised lung tissue, and 
limited therapeutic options. With this in mind, the au-
thors would like to propose a pragmatic management 
plan that attempts to guide physicians in daily practice. 
Given optimized patient selection, the risk-to-benefit ra-
tio of a pneumothorax appears to be acceptable as many 

Place chest drain
• Minimal drain size 10–14 Fr
• No suction
• Electronic drainage system
 preferred

Stable, with air leak

Lung expansion
confirmed on X-ray

No or partial lung
expansion on X-ray

No (more) air leak (≥24 h)

Persisting air leak despite
functioning drain
• With persistent high flow
 (i.e. >3 days)
• And/or clinical deterioration
• And/or insufficient lung
 expansion

Progression to symptomatic
pneumothorax

Pneumothorax after
valve treatment

Prolonged observation
Repeat X-ray

Discharge when
Stable or improved X-ray
Clinically stable

Symptomatic Asymptomatic
(pneumothorax ex vacuo)

Discontinue drainConsider
• Suction
• Discontinue drain
 if partial expansion
 and clinically stable

Consider:
• Suction
• Removal of 1–2 valves
• Discuss VATS

Unstable

Consider
• Suction
• Additional/larger
 bore chest tube
• Removal of 1–2
 valves

Air leak stops (≥24 h)
and sufficient lung

expansion

Air leak continues
despite valve removal

Discontinue drain
Consider replacement
of valves (not within

first 5 weeks)

Consider
• Additional valve removal
• Chest CT
• Thoracic surgery
• Discharge with Heimlich
 valve (if clinically stable,
 no high flow)

Fig. 4. Pneumothorax management recommendations. The recommended timelines in the proposed algorithm 
may differ individually depending on the patient’s clinical status, the air leak volume, patient preference, and/or 
the local resources and expertise. VATS, video-assisted thoracic surgery.
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of these patients develop substantial improvements in 
functional outcomes after resolution of the pneumotho-
rax.

Future Research Questions
Future research questions regarding pneumothorax as 

a complication of valve treatment can be found in Table 4.
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Table 4. Future research questions regarding pneumothorax as a complication of valve treatment

Is there an increased pneumothorax risk, when?
There is fast development of an atelectasis after valve treatment?
The Chartis measurement is CV-negative in a short amount of time?
There is moderate paraseptal emphysema?

Can the risk of pneumothorax be lowered by?
Performing a staged valve placement? Investigated in a randomized controlled trial
Prescribing bed rest for one or more days after valve treatment?
Administering cough suppressants during or after procedure?

Does the use of point-of-care chest ultrasound have additional value in a timely diagnosis of pneumothorax after valve treatment?
Is there a place for prophylactic chest tube placement? For example, when there is a great imbalance between the treatment lobe and 

ipsilateral lobe(s)
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