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Bronchoscopic lung volume reduction with one-way endobronchial valves is a guideline treat-

ment option for patients with advanced emphysema that is supported by extensive scientific

data. Patients limited by severe hyperinflation, with a suitable emphysema treatment target

lobe and with absence of collateral ventilation, are the responders to this treatment. Detailed

patient selection, a professional treatment performance, and dedicated follow up of the valve

treatment, including management of complications, are key ingredients to success. This

treatment does not stand alone; it especially requires extensive knowledge of COPD for which

the most appropriate treatment is discussed in a multidisciplinary approach. We discuss the

endobronchial valve treatment for emphysema and provide a guideline for patient selection,

treatment guidance, and practice tools, based on our own experience and literature.
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Bronchoscopic lung volume reduction
(BLVR) with one-way endobronchial valve
(EBV) is a minimally invasive treatment that
has been shown to improve clinical
outcomes in patients with advanced
emphysema and severe hyperinflation.1,2

Bronchoscopic placement of EBVs in a
suitable target lobe, with proven absence of
collateral ventilation with the use of the
Chartis Pulmonary Assessment System
(Pulmonx Corporation, Redwood City,
CA),3 induces a (partial) atelectasis of the
target lobe.4 This atelectasis ensures
reduction in residual volume (RV) and
results in an improvement in lung function,
a greater exercise performance, and a better
quality of life (Table 1).1,5-7
ronchoscopic lung volume reduction;
arbon monoxide; EBV = endobronchial
ess score; HRCT = high resolution CT;
; QCT = quantitative CT; RV = residual

ersity of Groningen, University Medical
ent of Pulmonary Diseases, The

CORRESPOND

umcg.nl
Copyright �
cense from th
access article
licenses/by/4.0
DOI: https://d
Almost two decades ago, the very first EBV
case series were published.8,9 Based on a
large number of subsequent randomized
controlled trials,1,5-7,10,11 EBV treatment has
regulatory approval (CE-Mark; in the
United States, Food and Drug
Administration12) and is now a GOLD-
COPD13 and United Kingdom-NICE14

guideline treatment in patients with
advanced emphysema.15 Because EBV
treatment is a treatment for a very difficult
to treat highly prevalent disease, there is an
increasing worldwide demand to offer this
treatment to patients with severe COPD. In
this “How I do it” review, we provide a
deeper insight by sharing our in-house
expertise to new and also more experienced
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TABLE 1 ] Results of the Randomized Controlled Trials Investigating Zephyr Endobronchial Valvea Treatment in
Patients With Severe Emphysema With Proven Absence of Collateral Ventilation With the Use Chartis
Assessment Systema

Variable

Trial

STELVIO1 IMPACT7 TRANSFORM6 LIBERATE5

Patients, No./No. EBV34/SoC34 EBV43/SoC50 EBV65/SoC32 EBV128/SoC62

Follow up, mo 6 3 6 12

Target lobar volume reduction, mL �1366 �1195 �1090 �1142

Between group difference

FEV1, % þ18 þ17 þ29 þ18

Residual volume, mL �831 �480 �700 �522

6-Minute walk distance, m þ74 þ40 þ79 þ39

St. George’s Respiratory Questionnaire, points �14.7 �9.7 �6.5 �7.1

EBV ¼ Zephyr endobronchial valve; SoC ¼ Standard of care.
aPulmonx Corporation, Redwood City, CA.
programs to ensure continued success with this
exciting treatment.
Case Example
A 58-year-old woman with COPD (FEV1, 30% of
predicted; RV, 239% of predicted), ex-smoker, is
receiving optimal medication and recently performed a
pulmonary rehabilitation program. Despite all this, the
patient still experiences severe dyspnea, a limited
exercise capacity, and a poor quality of life. Chest
imaging showed that the left lower lobe is a good
treatment target lobe for BLVR with the use of valves
(Fig 1). Chartis assessment confirmed the absence of
collateral ventilation in the target lobe, and a total of 5
EBVs were placed into the left lower lobe. Total
procedure time was 30 minutes; no complications
occurred. The patient was discharged three nights after
the procedure. At 1 year after treatment, she continued
Figure 1 – A-D, Case example of a suitable patient with COPD for bronchosco
A, Inspiration chest CT scan shows lower lobe predominant heterogeneous em
the left lower lobe; C, perfusion scan confirms the left lower lobe target by a
emphysematous destruction (at �950 Hounsfield Units), lobar volumes, and
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to perceive less dyspnea, increased her 6-minute walk
distance by 30%, and experienced a better quality of life
without side-effects. The high-resolution CT (HRCT)
scan showed a complete atelectasis of the left lower lobe
with a decrease in RV of 1044 mL and FEV1

improvement of 41% compared from baseline.

How Do I Select Patients?
Selecting patients for lung volume reduction (LVR)
therapies is all about COPD phenotyping16 and is kind
of the “art of balancing.” Balancing between reducing
hyperinflation and maintaining sufficient gas-exchange,
balancing between the volume of the lobe to be treated
vs the ipsilateral nontreated lobe, and balancing between
the expected potential benefit and the risks involved.
Thus the question is “how do I know if my patient is a
suitable candidate for EBV treatment?” Potential
patients who have advanced COPD remain highly
symptomatic despite receiving optimal medical
pic lung volume reduction with the use of one-way endobronchial valves.
physema; B, expiration chest CT scan shows predominant air trapping in
bsence of perfusion; D, quantitative CT analysis shows percentage of
fissure integrity.
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treatment.13,14 To facilitate this question a structured
step-wise evaluation approach can be very helpful.

Step 1: Symptoms and Limitations

Symptoms can be assessed with validated
questionnaires. Symptomatic patients with COPD
Assessment Test17 scores $10 and modified Medical
Research Council dyspnea scale dyspnea score18 $2, and
limited exercise performance (6-minute walk distance
between 100 and 450 m) are candidates.

LVR candidates should be limited significantly because
of lung hyperinflation. Assessment of symptoms and
physical limitations is, however, very subjective and also
largely dependent on individual patient preferences.19 It
is important to understand and discuss a patient’s
treatment outcome expectations and goals and to
explain the pros and cons of not performing a treatment
or alternative options. Patient preference is an important
topic of any LVR program, because the treatments
performed are often timed in an end-of-life situation of
the patient with COPD and often will result in the
desired outcome but can also end in
disappointment.19,20

Step 2: Optimal Medical Treatment

Smoking cessation, receiving guideline pharmacologic
therapy, completed pulmonary rehabilitation, and/or are
participating in a structured physical therapy program,
nutrition support, long-term oxygen therapy, and
noninvasive ventilation should all have been evaluated
and optimized as appropriate.13,21

Step 3: Airflow Obstruction

Postbronchodilator FEV1/FVC < 70% and FEV1

between 15% and 50% of predicted are suggestions.
Good outcomes have been published in selected cases
with very optimal treatment targets that had both lower
and higher FEV1 values.

1,22 The bottom line is that
patients need to have severe COPD that is proven to be
the limiting factor of their dyspnea.

Step 4: Hyperinflation

Postbronchodilator RV $175% of predicted and RV/
total lung capacity $55%, measured by body
plethysmography are suggestions. Good outcomes have
been published in selected cases with very optimal
treatment targets that had a lower RV or RV/TLC
ratio.23 As long as an individual patient is significantly
limited by hyperinflation, the patient can be evaluated
for LVR options.
chestjournal.org
Step 5: Comorbidities

Patients are less likely to be eligible if they have one of
more of the following occurrences:

� Severe hypercapnia (PaCO2 >8 kPa/>60 mm Hg) or
severe hypoxia (PaO2 <6.0 kPa/>45 mm Hg) at room
air (sea level), both for safety reasons

� Significant congestive heart failure (left ventricular
ejection fraction <40%)

� Pulmonary hypertension (right ventricular systolic
pressure >50 mm Hg)

� Use of coumadins/antiplatelets, which cannot be
stopped around the procedure

� Maintenance immunosuppressive agents or
prednisolone $10 mg daily (to avoid severe local
microbiologic colonization of the device)

� Previous lobectomy, lung transplantation, or LVR
surgery

� Frequent infectious exacerbations (bronchitis pheno-
type) and/or symptomatic bronchiectasis

� Diffusing capacity for carbon monoxide
(DLCO) <20% or >60% of predicted

A DLCO >60% means that there is still well lung tissue
preserved, which is another COPD phenotype. Another
COPD phenotype like small airways disease, chronic
bronchitis, or asthma COPD overlap syndrome can also
cause hyperinflation and symptoms. Assessment of a low
diffusing capacity in LVR candidates requires a lot of
nuances, and a DLCO of <20% of the predicted value
cannot be regarded as a definite exclusion criterion. Good
outcomes have been published in patients with a low
(<20% of predicted) DLCO.24 Reliably measuring DLCO in
patients with severe emphysema is difficult and often does
not reflect the real gas exchange properties. It is important
to combine the information of the with PaO2, chest CT
scans, and sometimes perfusion scintigraphy to make a
decision on eligibility in patients with low DLCO.24

Step 6: Radiologic Assessment

If a patient seems to be suitable for EBV treatment
according to the step-wise approach, it is recommended
first to perform a visual assessment of the HRCT scan to
identify possible treatment target lobe(s) and to identify
potential concurrent disease that might disqualify a
patient for valve treatment (eg, bronchiectasis,
paraseptal emphysema, unstable nodule) (Fig 2).

Preferably a thin slice (1 mm) noncontrast inspiration
and expiration HRCT scan is performed and
reconstructed in both a soft kernel (for quantitative CT
[QCT] analysis) and a sharp kernel (for visual
1835
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Figure 2 – CT findings that exclude patients from endobronchial valve treatment. Each of these findings require a different treatment approach.
(Reprinted with permission from Respiration, S. Karger AG, Basel, Switzerland).4
assessment).25 Visual CT assessment can best be
performed on all three angles (coronal, sagittal, and axial
views). The integrity of the fissures can be assessed
roughly, and possible EBV target(s) can be preliminarily
identified. An example of visual assessment of the HRCT
scan is given in Figure 3.

QCT Analysis: The next, and presumably most
important, step in the assessment of LVR eligibility is to
perform a quantitative analyses of the HRCT scan.26,27
Figure 3 – A-C, Example of visual assessment approach of the high-resolution
resolution CT scan reconstructions with the use of a sharp kernel. The red l
compared with the other lobes. The fissures in the right lung look intact on all
in the coronal view, a small gap is visible. Based on these slices, with the us
endobronchial valve (Zephyr EBV; Pulmonx Corporation, Redwood City, CA)
lobe; RLL ¼ right lower lobe; RUL ¼ right upper lobe.
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QCT analysis is recommended in all patients evaluated
for LVR (also shown to be of value for LVR28). A QCT
analysis provides a summary of the amount of
emphysema per lobe, volume per lobe, and a detailed
integrity score of all fissures (Fig 4).

A certain amount of emphysematous destruction is
necessary to occlude a lobe with valves safely and to
obtain clinical benefit. The percentage of low
attenuation areas at �950 Hounsfield Units needs to
CT scan. A, Axial view; B, sagittal view; C, coronal view of 1 mm high-
ines indicate the fissures. The right upper lobe shows more destruction
three views. The left major fissure looks intact in the axial view; however,
e of a visual assessment, the right upper lobe is a potential Zephyr
target lobe. LLL ¼ left lower lobe; LUL ¼ left upper lobe; ML ¼ middle
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Figure 4 – A-C, An example of quantitative analyses of high-resolution CT scan. A. Lung cartoon with per lobe the percentage of low attenuation areas
(at �950 Hounsfield Units) values displayed. B. Rendering picture of the fissures. Green color indicates intact fissure; red color indicates a gap in the
fissure. In this example, there is a gap visible in the left major fissure. This might imply that there is presence of collateral ventilation between left upper
lobe and left lower lobe. C, Results of the percentage of fissure completeness, percentage of low attenuation areas (at �910 and �950 Hounsfield Units),
and the inspiratory volumes are summarized per lobe. Based on this quantitative analysis (StratX Lung Report; Pulmonx Corporation, Redwood City,
CA), the right upper lobe or the left upper lobe can be confirmed as potential targets for Zephyr endobronchial valve (Zephyr EBV; Pulmonx Cor-
poration, Redwood City, CA). However, collateral ventilation needs to be ruled out by Chartis measurement.31 (Published with permission from
Pulmonx Corporation). LLL ¼ left lower lobe; LUL ¼ left upper lobe; ML ¼ middle lobe; RLL ¼ right lower lobe; RML ¼ right middle lobe; RUL ¼
right upper lobe.
be approximately >30% (or >50% at �910
Hounsfield Units).29,30 If there is not enough
emphysematous tissue present in the target lobe, too
much functional lung tissue will become atelactatic
and cause V/Q mismatch (shunting) with resultant
chest discomfort and dyspnea and likely no benefit
of the procedure.

Lobar volumes also have to be considered in guiding
treatment decisions. As an example, when considering a
target lobe with a 2500 mL volume against the ipsilateral
lobe with a volume of 750 mL, serious problems could
occur if the ipsilateral lobe with a small volume has no
healthy lung tissue (eg, destruction scores >30% at
�950 Hounsfield Units). No clear cut-off values exist for
these volumes, but a judgment would have to be made
on whether the smaller remaining lobe is capable of
occupying the entire hemithorax again after treatment.

Fissure integrity is a surrogate for the absence or
presence of collateral ventilation.31-33 EBV treatment is
effective only if there is absence of collateral ventilation
in the target lobe.1,5-7,34 Recent studies have shown that
chestjournal.org
patients with an incomplete fissure based on a fissure
completeness score (FCS; with the use of QCT analysis)
of <80% can be excluded from Chartis measurement
and EBV treatment.31,33

In patients with >80% complete fissures, the FCS is not
specific enough for EBV treatment decision. In this case,
additional Chartis measurements are always
recommended for the right lung fissures.31 For the left
lung, Chartis assessments may be omitted if the FCS is
>95%.31 The advantage of always performing Chartis
assessments is to ensure that there can be an expected
treatment benefit and that any lack of volume reduction
after valve placement is most likely not due to the
presence of collateral flow but rather due to a valve
misplacement or other factors, such as adhesions
limiting lung deflation.

Treatment Target Lobe Selection: Selecting the best
EBV treatment target lobe is crucial for a good outcome
and to avoid serious complications such as severe
hypoxia, respiratory failure, and severe pneumothorax.
Only one lobe can be treated in a single procedure for
1837
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safety reasons. However, the right upper lobe and right
middle lobe combination can be regarded as a single
lobe in cases in which there is collateral flow across the
minor fissure. Selecting the optimal target lobe requires
combining diagnostic information, where both absence
of collateral ventilation (Chartis or FCS on CT scan) and
at least 30% emphysematous destruction at #�950
Hounsfield Units ($50% at #�910 Hounsfield Units)
with the use of QCT analysis, are important features to
assess. The ideal lobe (and lung) targeted for treatment
is characterized by the highest level of emphysema
heterogeneity, the lowest perfusion present on nuclear
perfusion scintigraphy (or alternative perfusion
methods), balanced lung volumes, and most air trapping
(with the use of expiratory CT scan, especially helpful in
homogeneous cases). Local factors such as significant
pleural adhesions or pleural thickening,35 presence of
bronchiectasis, fibrotic changes, nodules or a large bulla,
or significant paraseptal emphysema just adjacent to the
target lobe might make a potential target lobe less
suitable for treatment. Based on the emphysema
distribution on QCT analysis, combined with a treatable
FCS, it is possible to have multiple targets for an
individual patient. Again, combining visual CT (and air
trapping), QCT analysis, perfusion data, and Chartis
assessment will result in deciding on the one preferable
lobe. In general, for a more homogeneous emphysema
distribution, relatively more hyperinflation, and
preserved gas exchange (ie, better DLCO and blood
gasses) are needed to get a good outcome after
treatment, compared with a heterogeneous (upper or
lower lobe) emphysema distribution.
How Do I Treat Patients?
Both the Chartis measurement and the placement of the
valves can be performed preferably in a single procedure
(to avoid additional bronchoscopy-related adverse
events36), with deep conscious sedation or with general
anesthesia.3,37,38 In practice, it turns out that both
Chartis and the placement of the valves with general
anesthesia is more accurate and easier to perform
because there is less coughing, less mucus production,
and less mucosal swelling and that the diameter of the
airways can be measured more precisely to select the
correct valve size for placement.3,4,38 The bronchoscopy
itself can be performed according to local practice.
A short course of prophylactic antibiotics and
prednisolone can be considered around the treatment
period.36 Both rigid (best with high frequency jet
ventilation) and flexible intubation (best with the use of
1838 How I Do It
volume controlled positive pressure ventilation, with a
low frequency and a long expiration time) are suitable
airway access options. Although patients with very
severe COPD can be considered as a high-risk group in
relation to the appearance of perioperative
complications, anesthesia during these procedures does
not cause additional adverse events and can be applied
safely.1,3,38 The Chartis System4,34 that comprises the
balloon catheter and console provides a physiologic
measure of collateral ventilation (Fig 5). With the use of
the balloon catheter, the treatment target lobe is fully
blocked temporarily, with the lobar air able only to
escape through central lumen of the catheter, which is
measured by the console. If there is no collateral
ventilation to feed the airway distal to the balloon, air
flow out of the lobe will gradually decrease. A
continuous flow indicates the presence of collateral
ventilation in the target lobe. The entire measurement
takes approximately 10 to 15 minutes.3 The Chartis
measurement can also be used as a trial to assess the
dependence of the treatment target’s contribution to the
entire gas exchange. When using FIO2 levels
approximately 30% to 40%, blocking the target should
not result in a significant desaturation. This can be an
important tool, especially in patients with a
homogeneous emphysema distribution, low DLCO, or
low emphysema destruction scores. If patients
experience significant desaturation, selection of the
target lobe might have to be reconsidered.39

Once the absence of collateral ventilation has been
established, the valves are placed in all (sub-) segments
of the target lobe. Depending on airway anatomy,
normally three to five valves are placed (Fig 6). The
EBVs (Zephyr-EBV, Pulmonx Corporation, Redwood
City, CA) adapt to the dynamic conditions of the airway;
for airway sizing (with the use of the markers on the
delivery catheter) just before placement, it is necessary to
choose one of the four valve sizes that are available
(Fig 7).

The required valve is loaded into the delivery catheter
that will be inserted into the working channel of the
bronchoscope. The valves are placed into the desired
segmental airway by deploying the valve, under direct
vision, that is positioned at the middle of the next
subdivision carina, or if not visible enough, with the use
of the valve-length markers on the dedicated EBV
catheter to align the valve with the proximal carina (Fig
8). It is important not to treat the entire lower lobe
bronchus (B7-10) with just one valve, because airway
dynamics at this location are just too great and may
[ 1 5 9 # 5 CHE ST MA Y 2 0 2 1 ]



Figure 5 – A-D, Chartis Pulmonary Assessment System. A, Chartis Pulmonary Assessment System (Pulmonx Corporation, Redwood City, CA) with
Chartis balloon catheter. B, Example of temporary occlusion of the entrance of the right lower lobe with the Chartis balloon catheter. C, A continuous flow
reading indicates collateral ventilation in the target lobe; no valves will be placed. D, A gradual decrease of the flow to no flow indicates the absence of
collateral ventilation; valves can be placed into the target lobe. ML ¼ middle lobe; RB6 ¼ right lower lobe apical segment; RUL ¼ right upper lobe.
cause valve leakage or dislocation.4 Our local practice to
prevent severe coughing immediately after the
procedure involves a single application of local lidocaine
(1% vol/vol) at the treatment lobe and a systemic dosage
of opioids (eg, morphine, fentanyl) before extubation
and lidocaine (30 to 50 mg 1% vol/vol); this can be
repeated the first hours if needed. No further anticough
agents are given.
Figure 6 – Bronchoscopic view example of a right upper lobe treatment with
atelectasis of the lobe with consecutive valves placed in RB1, RB3, and RB2

chestjournal.org
Once all valves have been placed, the procedure is
complete, and the patient must be observed closely for
pneumothorax occurrence (which, based on the
previous studies, is approximately 20%).40,41 In our
hospital, patients are observed for 2 hours on the
recovery ward, where bedside chest radiography is
performed. If there are no adverse events, the patient is
transferred to the pulmonary ward for at least three
endobronchial valves shows a full lobar occlusion to achieve the desired
(left to right).

1839
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Figure 7 – The four available endobronchial valve sizes (Zephyr EBV; Pulmonx Corporation, Redwood City, CA).
nights after the treatment for observation. It is
important to make sure that the ward staff are fully
aware and that it is clearly documented in the medical
charts that the admitted patient is a valve patient at
potential risk for a pneumothorax. To facilitate
awareness, we also provide our patients with a warning
bracelet. Emergency chest tube facilities should be
available, and staff must be able to insert a chest tube in
this situation 24/7 (in our hospital, we run regular
training sessions on emergency chest tube placement,
just to make it a standard routine). In our practice (not
supported by scientific evidence) on the treatment day,
the patient has “bed-rest,” and only a walk to the toilet is
allowed. The days thereafter, the patient is mobilized.
On the first day and three days after the treatment, chest
radiography is performed, with additional radiograms,

depending on symptoms. If the patient’s condition is
stable without complaints, and no pneumothorax is
visible on the chest radiogram, the patient is discharged.
Patients receive clear verbal instructions and written
Figure 8 – Endobronchial valve placement example of the LB6 (apical segment
image, view of the LB6 with the Zephyr endobronchial valve (Zephyr EBV; Pu
subcarina indicates the length for a short size valve and subsequent deployment o
the LB6 wall, sealing it completely. The last picture shows the Zephyr endobro
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information on symptoms of a pneumothorax and what
to do if complaints occur.

How Do I Follow Up With Patients?
Dedicated follow up of patients is important in
optimizing treatment outcomes. In our hospital, we keep
track of our treated patients by using the following
scheme: One week after discharge, a telephone
consultation is performed; at 6 weeks, the patient is
invited to the hospital for medical assessment, chest CT
scan, and pulmonary function tests. If a patient does not
experience clinical benefit and the CT scan shows no
lobar atelectasis of the treated lobe, a revision
bronchoscopy is scheduled to “fine-tune” the treatment
by replacing any mispositioned valves.40 After this,
patients will be invited for an in-office assessment at
6 months, 1 year, and annually up to the 5-year follow
up. We also record all the patient data captured in our
national BLVR registry (BREATHE-NL Registry,
NCT02815683).42
of the left lower lobe). Clockwise, from left to right: left lower lobe entrance
lmonx Corporation, Redwood City, CA) catheter placed against the next
f the valve against this subcarina, which on further release expands against
nchial valve in place, with just the Heimlich valve part visible.
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How Do I Manage Adverse Events?
A LVR treatment can be associated with adverse events.
Valve treatment is virtually a “bronchoscopic
lobectomy,” and the treating physician should be able to
deal with the complications and challenges involved.40

Complications can include, most importantly, the
occurrence of pneumothorax (15% to 25% of the treated
patients),41 and in rare cases postobstruction
pneumonia, severe hemoptysis, airway kinking, hypoxia
due to shunting, and persistent cough (all �<2%).40,43

Furthermore the treatment can result in lack of initial
benefit due to misplaced valves, an untreated (sub-)
segment, or presence of collateral ventilation (collateral
ventilation not assessed prior to valve placement or false
positive result). Next to this, the achieved initial benefit
may dissipate over time due to granulation tissue
formation.40,44

The majority of pneumothoraces occur within 72 hours
after treatment.4,5,41,45,46 In most symptomatic cases,
simple intercostal drainage is sufficient to manage the
pneumothorax. In situations in which there is a
persistent high-flow air leak from a proper functioning
intercostal drain, temporary removal of a single valve
should be considered (which can be replaced after
6-8 weeks). If this still does not resolve the issue,
removal of all valves might be considered.41 Normally,
the outcome after a pneumothorax after valve treatment
is good.45

Further guidance on the management of complications
after BLVR with the use of one-way valves can be found
in the recently published expert review.40
How Do I Organize My BLVR Treatment
Program?
Basic elements for a successful program are dedication,
COPD expert knowledge, access to interventional
pulmonology, access to multimodality treatments for
COPD (other bronchoscopic and surgical LVR
techniques,47 pulmonary rehabilitation, noninvasive
ventilation, and lung transplantation),21,48 well-
organized in-house logistics and facilities (radiology,
pulmonary function testing, anesthesia, thoracic
surgery), and a solid referral network. Participation in
scientific efforts can be important for advancing the
BLVR field and getting the exposure needed for patient
referrals. Also, it is highly recommended that all patient
treatments and outcomes are captured in a (national-)
registry, especially for quality control reasons.42

Furthermore, it is strongly advised to discuss treatment
chestjournal.org
strategies for patients with severe COPD in a
multidisciplinary team, similar to organized the care for
patients with interstitial lung disease and lung cancer.
Only by doing this can you ensure the best possible
treatment is offered to each individual patient with
COPD.21,42,48 As an expert center, we offer other
hospitals the chance to discuss potential cases using a
weekly scheduled videoconferencing meeting. By
organizing this, we educate referral and other treatment
hospitals to prevent them from the pitfalls we previously
encountered, thereby ensuring high quality standards.
Additional training, attending our program, or
proctoring of cases can be the result of this interaction.
Sharing knowledge among novices and experts
worldwide is key to improving this field of medicine
further.

The systematic approach to careful patient selection,
proper procedural technique, before and after treatment,
and dedicated long-term follow up allows for good
clinical outcomes and respectful application of this
important interventional treatment of patients with
severe COPD with hyperinflation.

Acknowledgments
Financial/nonfinancial disclosures: D. S. is an investigator, physician
advisor, and consultant for Pulmonx Corporation, Redwood City, CA.
None declared (K. K.).

References
1. Klooster K, ten Hacken NH, Hartman JE, Kerstjens HA, van

Rikxoort EM, Slebos DJ. Endobronchial valves for emphysema
without interlobar collateral ventilation. N Engl J Med. 2015;373(24):
2325-2335.

2. Shah PL, Slebos DJ. Bronchoscopic interventions for severe
emphysema: where are we now? Respirology. 2020;25(9):972-980.

3. Welling JBA, Klooster K, Hartman JE, et al. Collateral ventilation
measurement using chartis: procedural sedation vs general
anesthesia. Chest. 2019;156(5):984-990.

4. Slebos DJ, Shah PL, Herth FJ, Valipour A. Endobronchial valves for
endoscopic lung volume reduction: best practice recommendations
from expert panel on endoscopic lung volume reduction.
Respiration. 2017;93(2):138-150.

5. Criner GJ, Sue R, Wright S, et al. A multicenter randomized
controlled trial of zephyr endobronchial valve treatment in
heterogeneous emphysema (LIBERATE). Am J Respir Crit Care
Med. 2018;198(9):1151-1164.

6. Kemp SV, Slebos DJ, Kirk A, et al. A multicenter randomized
controlled trial of zephyr endobronchial valve treatment in
heterogeneous emphysema (TRANSFORM). Am J Respir Crit Care
Med. 2017;196(12):1535-1543.

7. Valipour A, Slebos DJ, Herth F, et al. Endobronchial valve therapy in
patients with homogeneous emphysema: results from the IMPACT
study. Am J Respir Crit Care Med. 2016;194(9):1073-1082.

8. Snell GI, Holsworth L, Borrill ZL, et al. The potential for
bronchoscopic lung volume reduction using bronchial prostheses: a
pilot study. Chest. 2003;124(3):1073-1080.

9. Toma TP, Hopkinson NS, Hillier J, et al. Bronchoscopic volume
reduction with valve implants in patients with severe emphysema.
Lancet. 2003;361(9361):931-933.
1841

http://refhub.elsevier.com/S0012-3692(20)35452-0/sref1
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref1
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref1
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref1
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref2
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref2
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref3
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref3
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref3
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref4
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref4
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref4
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref4
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref5
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref5
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref5
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref5
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref6
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref6
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref6
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref6
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref7
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref7
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref7
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref8
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref8
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref8
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref9
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref9
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref9
http://chestjournal.org


10. Davey C, Zoumot Z, Jordan S, et al. Bronchoscopic lung volume
reduction with endobronchial valves for patients with heterogeneous
emphysema and intact interlobar fissures (the BeLieVeR-HIFi study):
a randomised controlled trial. Lancet. 2015;386(9998):1066-1073.

11. Sciurba FC, Ernst A, Herth FJ, et al. A randomized study of
endobronchial valves for advanced emphysema. N Engl J Med.
2010;363(13):1233-1244.

12. Zephyr EBV FDA approval letter. 2018. https://www.accessdata.fda.
gov/cdrh_docs/pdf18/P180002a.pdf. Accessed October 2, 2020.

13. Singh D, Agusti A, Anzueto A, et al. Global strategy for the
diagnosis, management, and prevention of chronic obstructive lung
disease: the GOLD science committee report 2019. Eur Respir J.
2019;53:1900164.

14. Hopkinson NS, Molyneux A, Pink J, Harrisingh MC. Chronic
obstructive pulmonary disease: diagnosis and management:
summary of updated NICE guidance. BMJ. 2019;366:l4486.

15. Hartman JE, Vanfleteren L, van Rikxoort EM, Klooster K, Slebos DJ.
Endobronchial valves for severe emphysema. Eur Respir Rev.
2019;28(152):180121.

16. Herth FJF, Slebos DJ, Criner GJ, Valipour A, Sciurba F, Shah PL.
Endoscopic lung volume reduction: an expert panel
recommendation: update 2019. Respiration. 2019;97(6):548-557.

17. Jones PW, Harding G, Berry P, Wiklund I, Chen WH, Kline Leidy N.
Development and first validation of the COPD Assessment Test. Eur
Respir J. 2009;34(3):648-654.

18. Vogelmeier CF, Alter P. Assessing symptom burden. Clin Chest Med.
2020;41(3):367-373.

19. Hartman JE, Klooster K, Ten Hacken NHT, van Dijk M, Slebos DJ.
Patient satisfaction and attainment of patient-specific goals after
endobronchial valve treatment. Ann Am Thorac Soc. 2021;18(1):68-
74.

20. Mansfield C, Sutphin J, Shriner K, Criner GJ, Celli BR. Patient
preferences for endobronchial valve treatment of severe emphysema.
Chronic Obstr Pulm Dis. 2018;6(1):51-63.

21. van Dijk M, Gan CT, Koster TD, et al. Treatment of severe stable
COPD: the multidimensional approach of treatable traits. ERJ Open
Res. 2020;6(3):00322-2019.

22. Darwiche K, Karpf-Wissel R, Eisenmann S, et al. Bronchoscopic lung
volume reduction with endobronchial valves in low-FEV1 patients.
Respiration. 2016;92(6):414-419.

23. Klooster K, Hartman JE, van Dijk M, Koster TD, Slebos DJ.
Response to endobronchial valve treatment in emphysema patients
with moderate hyperinflation. J Bronchology Interv Pulmonol. 2021;
28(1):e14-e17.

24. van Dijk M, Hartman JE, Klooster K, Ten Hacken NHT,
Kerstjens HAM, Slebos DJ. Endobronchial valve treatment in
emphysema patients with a very low DLCO. Respiration. 2020;99(2):
163-170.

25. Gallardo-Estrella L, Lynch DA, Prokop M, et al. Normalizing
computed tomography data reconstructed with different filter
kernels: effect on emphysema quantification. Eur Radiol. 2016;26(2):
478-486.

26. Herth FJF, Kirby M, Sieren J, et al. The modern art of reading
computed tomography images of the lungs: quantitative CT.
Respiration. 2018;95(1):8-17.

27. Tenda ED, Ridge CA, Shen M, Yang GZ, Shah PL. Role of
quantitative computed tomographic scan analysis in lung volume
reduction for emphysema. Respiration. 2019;98(1):86-94.

28. Caviezel C, Froehlich T, Schneiter D, et al. Identification of target
zones for lung volume reduction surgery using three-dimensional
computed tomography rendering. ERJ Open Res. 2020;6(3):00305-
2020.

29. Gevenois PA, De Vuyst P, de Maertelaer V, et al. Comparison of
computed density and microscopic morphometry in pulmonary
emphysema. Am J Respir Crit Care Med. 1996;154(1):187-192.

30. Gierada DS, Bierhals AJ, Choong CK, et al. Effects of CT section
thickness and reconstruction kernel on emphysema quantification
1842 How I Do It
relationship to the magnitude of the CT emphysema index. Acad
Radiol. 2010;17(2):146-156.

31. Klooster K, Koster TD, Ruwwe-Glösenkamp C, et al. An integrative
approach of the fissure completeness score and chartis assessment in
endobronchial valve treatment for emphysema. Int J Chron Obstruct
Pulmon Dis. 2020;15:1325-1334.

32. Koster TD, Slebos DJ. The fissure: interlobar collateral ventilation
and implications for endoscopic therapy in emphysema. Int J Chron
Obstruct Pulmon Dis. 2016;11:765-773.

33. Koster TD, van Rikxoort EM, Huebner RH, et al. Predicting lung
volume reduction after endobronchial valve therapy is maximized
using a combination of diagnostic tools. Respiration. 2016;92(3):150-
157.

34. Herth FJ, Eberhardt R, Gompelmann D, et al. Radiological and
clinical outcomes of using Chartis� to plan endobronchial valve
treatment. Eur Respir J. 2013;41(2):302-308.

35. van Geffen WH, Klooster K, Hartman JE, et al. Pleural adhesion
assessment as a predictor for pneumothorax after endobronchial
valve treatment. Respiration. 2017;94(2):224-231.

36. Bellinger CR, Khan I, Chatterjee AB, Haponik EF. Bronchoscopy
safety in patients with chronic obstructive lung disease. J Bronchol
Interv Pulmonol. 2017;24(2):98-103.

37. Welling JBA, Hartman JE, Ten Hacken NHT, et al. Chartis
measurement of collateral ventilation: conscious sedation versus
general anesthesia: a retrospective comparison. Respiration.
2018;96(5):480-487.

38. Thiruvenkatarajan V, Maycock T, Grosser D, Currie J. Anaesthetic
management for endobronchial valve insertion: lessons learned from
a single centre retrospective series and a literature review. BMC
Anesthesiol. 2018;18(1):206.

39. Welling JBA, Klooster K, Charbonnier JP, et al. A new oxygen
uptake measurement supporting target selection for endobronchial
valve treatment. Respiration. 2019;98(6):521-526.

40. Koster TD, Klooster K, Ten Hacken NHT, van Dijk M, Slebos DJ.
Endobronchial valve therapy for severe emphysema: an overview of
valve-related complications and its management. Expert Rev Respir
Med. 2020;14(12):1235-1247.

41. Valipour A, Slebos DJ, de Oliveira HG, et al. Expert statement:
pneumothorax associated with endoscopic valve therapy for
emphysema: potential mechanisms, treatment algorithm, and case
examples. Respiration. 2014;87(6):513-521.

42. Hartman JE, Klooster K, Slebos DJ. From bench to bedside:
implementation of endobronchial valve treatment for patients with
advanced emphysema in routine clinical care. Respiration.
2020;99(2):187-188.

43. Fiorelli A, D’Andrilli A, Bezzi M, et al. Complications related to
endoscopic lung volume reduction for emphysema with
endobronchial valves: results of a multicenter study. J Thorac Dis.
2018;10(suppl27):S3315-S3325.

44. Gompelmann D, Gerovasili V, Kontogianni K, et al. Endoscopic
valve removal >180 days since implantation in patients with severe
emphysema. Respiration. 2018;96(4):348-354.

45. Gompelmann D, Benjamin N, Kontogianni K, et al. Clinical and
radiological outcome following pneumothorax after endoscopic lung
volume reduction with valves. Int J Chron Obstruct Pulmon Dis.
2016;11:3093-3099.

46. Gompelmann D, Herth FJ, Slebos DJ, et al. Pneumothorax following
endobronchial valve therapy and its impact on clinical outcomes in
severe emphysema. Respiration. 2014;87(6):485-491.

47. van Geffen WH, Slebos DJ, Herth FJ, Kemp SV, Weder W, Shah PL.
Surgical and endoscopic interventions that reduce lung volume for
emphysema: a systemic review and meta-analysis. Lancet Respir
Med. 2019;7(4):313-324.

48. Chew J, Mahadeva R. The role of a multidisciplinary severe chronic
obstructive pulmonary disease hyperinflation service in patient
selection for lung volume reduction. J Thorac Dis. 2018;10(suppl27):
S3335-S3343.
[ 1 5 9 # 5 CHE ST MA Y 2 0 2 1 ]

http://refhub.elsevier.com/S0012-3692(20)35452-0/sref10
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref10
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref10
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref10
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref11
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref11
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref11
https://www.accessdata.fda.gov/cdrh_docs/pdf18/P180002a.pdf
https://www.accessdata.fda.gov/cdrh_docs/pdf18/P180002a.pdf
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref13
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref13
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref13
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref13
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref14
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref14
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref14
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref15
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref15
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref15
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref16
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref16
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref16
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref17
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref17
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref17
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref18
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref18
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref19
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref19
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref19
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref19
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref20
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref20
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref20
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref21
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref21
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref21
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref22
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref22
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref22
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref23
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref23
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref23
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref23
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref24
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref24
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref24
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref24
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref25
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref25
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref25
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref25
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref26
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref26
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref26
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref27
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref27
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref27
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref28
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref28
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref28
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref28
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref29
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref29
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref29
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref30
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref30
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref30
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref30
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref31
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref31
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref31
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref31
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref32
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref32
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref32
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref33
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref33
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref33
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref33
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref34
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref34
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref34
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref34
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref35
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref35
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref35
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref36
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref36
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref36
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref37
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref37
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref37
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref37
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref38
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref38
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref38
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref38
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref39
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref39
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref39
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref40
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref40
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref40
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref40
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref41
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref41
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref41
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref41
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref42
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref42
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref42
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref42
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref43
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref43
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref43
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref43
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref44
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref44
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref44
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref44
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref45
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref45
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref45
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref45
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref46
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref46
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref46
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref47
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref47
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref47
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref47
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref48
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref48
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref48
http://refhub.elsevier.com/S0012-3692(20)35452-0/sref48

	Endobronchial Valves for the Treatment of Advanced Emphysema
	Case Example
	How Do I Select Patients?
	Step 1: Symptoms and Limitations
	Step 2: Optimal Medical Treatment
	Step 3: Airflow Obstruction
	Step 4: Hyperinflation
	Step 5: Comorbidities
	Step 6: Radiologic Assessment
	QCT Analysis
	Treatment Target Lobe Selection


	How Do I Treat Patients?
	How Do I Follow Up With Patients?
	How Do I Manage Adverse Events?
	How Do I Organize My BLVR Treatment Program?
	Acknowledgments
	References


