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ABSTRACT

Bronchoscopic lung volume reduction (BLVR) has been proven to be effective in patients with severe emphysema. These techniques are divided
into two groups: non-blocking devices that are independent of collateral ventilation and blocking devices that are dependent on collateral ven-
tilation so the choice of the target lobe with inadequate scissors is crucial for the success of the treatment. Current evidences suggest that not
all classes and phenotypes of emphysema will benefit from BLVR, and that each technique appears to provide a greater benefit to specific sub-
groups of patients. Careful patient selection is imperative to prevent insertion in patients unlikely to gain clinical benefits as well as wasteful ex-
penditure. The Chartis system represents the gold standard for measuring fissure integrity and is a direct measurement method. Indirect method is
instead the TC study which, thanks to the development of software for quantitative analysis, allows us to obtain reliable measurements of regional
density of parenchyma, airway thickness and scissor integrity. BLVR is a highly complex procedure: a first-level competence is a pre-requisite for
admission to training. The practical training must be based on discussion of clinical cases and the insertion techniques of the different devices on
plastic or animal models, or on cadavers. A specific course, offering final certification, has been developed on the use of Zephyr valves.

(Cite this article as: Bezzi M, Luzzi V, Novali M, Comel A, Polese G, Corbetta L. Competence in bronchoscopic treatments in emphysema. Panmi-

nerva Med 2019;61:401-21. DOI: 10.23736/S0031-0808.18.03571-1)
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he Global Initiative for Chronic Obstructive Pulmo-
nary Disease (GOLD) defines chronic obstructive
pulmonary disease (COPD) as a preventable and treatable
disease characterized by progressive airflow limitation
that is not fully reversible. The abnormalities are a result
of a mixture of small airways disease (obstructive bron-
chiolitis) and parenchymal destruction (emphysema). The
physiologic consequences are a reduction in lung elastic
recoil, airflow limitation, air-trapping and hyperinflation.
The hyperinflation leads to progressive breathlessness
with physical activity and decreased quality of life. As the
disease progresses, increased frequency and severity of
exacerbations are expected. Ultimately, the disease results
in disability and premature mortality.
COPD includes both emphysema and chronic bron-
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chitis. It is classified according to the severity of air-
flow obstruction as measured by the post-bronchodilator
forced expiratory volume in 1 second (FEV1). Staging is
described as mild (Stage I), moderate (Stage II), severe
(Stage III), and very severe (Stage [V).!

Most risk factors for COPD are environmental. The most
common cause of COPD is exposure to tobacco smoke,
including second-hand (passive) smoking. Exposure to in-
door and outdoor air pollution, occupational exposure to
dust, particulates, or toxic vapors or fumes can also cause
COPD. Recurrent lower respiratory tract infections during
childhood can also increase susceptibility to COPD.

The goals of COPD management include the follow-
ing: symptom relief, prevention of disease progression,
improvement of exercise tolerance and health status (i.e.
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quality of life), prevention and treatment of complications
and exacerbations, reduction of mortality. For those with
more advanced disease, the most critical goals are to re-
duce the disability associated with COPD and to improve
health status. Current guidelines for the management of
COPD, including emphysema, begin with the identifica-
tion and removal, where possible, of risk factors. Risk fac-
tors include tobacco smoking and occupational or envi-
ronmental exposure to particulates and/or harmful gasses.
Most often the diagnosis occurs after the disease is well-
established and the patient is symptomatic. As COPD pro-
gresses, medical therapy with one or more bronchodila-
tor is prescribed. In moderate through very severe COPD,
pulmonary rehabilitation including exercise training is
recommended to improve symptoms and exercise toler-
ance. Inhaled corticosteroids may be used in patients with
more advanced disease and repeated exacerbations, but its
use has been associated with an increased risk of pneumo-
nia. Long-term oxygen therapy in hypoxiemic patients has
been shown to improve exercise tolerance and to increase
survival. Surgical approaches include lung volume reduc-
tion surgery (LVRS) and lung transplantation.?

Surgical therapy in the form of LVRS improves symp-
toms, exercise tolerance and quality of life beyond im-
provements seen with optimized medical therapy includ-
ing pulmonary rehabilitation. However, the procedure is
characterized by a short-term increase in mortality, sig-
nificant morbidity, and may involve lengthy postoperative
care. LVRS can be considered in the case of advanced
pulmonary emphysema.3 Surgical resection of hyperin-
flated portions of the lungs improves the mechanics of
respiration. The National Emphysema Treatment Trial
(NETT), published in 2003, showed that LVRS achieved
significant improvements in exercise capacity and qual-
ity of life in patients with predominantly upper-lobe em-
physema.* However, postoperative mortality was high
— 7.9% after 90 days. This prompted the development
of minimally invasive lung volume reduction procedures
with the goal of reducing peri interventional morbidity
and mortality.

Therefore, a medical need exists for a minimally inva-
sive approach (such as bronchoscopic LVR, BLVR) that
can offer significant efficacy, safety profile (i.e. reduction
in the frequency and severity of complications) and that
provides meaningful benefits to COPD patients with em-
physemas while decreasing mortality and morbidity.

During the past 15 years, different techniques for bron-
choscopic lung volume reduction (BLVR) have been de-
veloped with the aim of reducing lung hyperinflation yet
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at the same time avoiding the morbidity and mortality
connected with LVRS as well as widening the indications
to patients with severe comorbidities. These techniques
differ in mechanism of action and reversibility, and their
application is dependent on the emphysema distribution
and interlobar collateral ventilation. They are divided into
two groups: blocking and nonblocking devices and some
of them have recently been added in the guidelines of the
GOLD as part of the non-pharmacological treatment of
stable COPD. The blocking technique is reversible, the
latter is not.

The most widely investigated method is valve-BLVR,
which is also the only blocking technique. Extensive stud-
ies, including several randomized controlled trials (RCT),
confirmed the efficacy of this method in a well selected
population of emphysema patients. All other BLVR tech-
niques are non-blocking and include lung volume reduc-
tion using coils (LVR-COILS), bronchoscopic thermal
vapor ablation (BTVA), polymeric lung volume reduction
(PLVR) and targeted lung denervation (TLD). Safety, fea-
sibility, and efficacy of these techniques have also been
examined in different RCTs, but data are still limited.67

Knowledge of the disease: patient selection

The proper patient and emphysema phenotype selection is
the most important criteria. Before deciding on a potential
BLVR treatment for patients with COPD, the disease must
have first been treated according to the current COPD
treatment guidelines, including assessing and insuring the
patient’s non-smoking status, optimal inhalation therapy,
vaccinations, long-term oxygen when appropriate, and
pulmonary reha-bilitation. Furthermore, potential surgi-
cal treatment options, such as bullectomy and LVRS, have
to be considered as treatment options. Candidate patients
for BLVR should be discussed in a multidisciplinary team
(MDT) meeting to ensure that the best treatment decisions
are made. The MDT should be organized in such a way
that expert knowledge is available for COPD, chest radiol-
ogy, surgical options and interventional pulmonology.

A careful review of comorbidities and contraindications
is also an important factor before deciding on BLVR (see
Table I for guidance on inclusion and exclusion criteria for
BLVR). Once this stage has been cleared, the confirmation
of pulmonary function in the presence of hyperinflation
with RV.

Potential evaluable patients for advanced emphysema
treatments are those who are already receiving the best
medical treatment, i.e. optimal pharmacological therapy
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mostly with bronchodilators, inhaled corticosteroids,
and sometimes maintenance systemic therapies. Patients
should also have completed pulmonary rehabilitation and
have definitely stopped smoking.

Key parameters are evidence of severe airflow obstruc-
tion (forced expiratory volume in the first second [FEV1]
<45% predicted) and the presence of severe hyperinflation.
Hyperinflation should be measured by body plethysmog-
raphy. Patients with a residual volume (RV) >200% pre-
dicted are deemed the best responders. In some situations,
patients with RV between 175 and 200% predicted may be
considered for treatment if other measures of hyperinfla-
tion are favorable, i.e. RV/TLC ratio >0.58.8

Patients should be highly symptomatic with respect
to dyspnea (modified British Medical Research Council
[MMRC] >1) and restricted in their exercise performance
(6-minute walking distance <450 m). However, if a patient
has significant symptoms of concurrent chronic airways
disease, such as frequent cough, severe bronchial hyper-
responsiveness, sputum production and/or frequent exac-
erbations, the patient should not be considered for BLVR.
Also, patients with a very low exercise tolerance (6-minute
walking distance <140 m) may not represent the ideal can-
didates for therapy (See inclusion and exclusion criteria).

Inclusion criteria

 Diagnosis of emphysema COPD;

* subjects of both genders of at least 18 years of age;

 understand and voluntarily sign a patient informed
consent form;

¢ diagnosis of COPD with a 15% predicted <FEV ,<50%
pred post BD despite optimal medical management;

e TLC>100% predicted, RV>175% predicted;

e 6MWT>140 meters;

* non-smoker >8 weeks prior to signing the informed
consent.

Exclusion criteria

» Evidence of active pulmonary infection;

* history of more than 3 exacerbations with hospitaliza-
tions over the past 12 months;

* evidence of severe pulmonary hypertension (sSPAP>45
mmHg);

» myocardial infarction or other relevant cardiovascular
events in the past 6 months;

* evidence of severe bronchiectasis with greater than
two tablespoons of sputum production/day;

* prior BLVR or LVRS procedure;
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* prior thoracic surgery;
* pulmonary nodule requiring follow-up within the tar-
get lobe.

Radiological assessment

Current evidences suggest that not all classes and phe-
notypes of emphysema will benefit from BLVR, and that
each technique appears to provide a greater benefit to spe-
cific sub-groups of patients. Careful patient selection is
imperative to prevent insertion in patients unlikely to gain
clinical benefits as well as wasteful expenditure.

High-resolution computed tomography (HRCT) is an
absolute prerequisite for adequate patient selection. Nor-
mally used in a low-dose protocol with a slice thickness of
1 mm, the HRCT enables the detection and quantification
of the destruction of the peripheral lung tissue.

The physician should carefully review the HRCT scan
for findings, such as bulla, pathologies or nodules (requir-
ing further assessment and/or follow-up), infiltrations or
cavity (suggesting active infection, which should be treat-
ed before procedure), or disqualifying criteria (such as
severe bronchiectasis, severe paraseptal emphysema, ex-
tensive fibrosis or other conditions that may significantly
impair outcomes (Figure 1).

When detecting fissure integrity, it is proposed that, if
>90% of the fissure could be visualized on at least one
axis (sagittal, axial, or coronal view), the fissure should be
considered complete, implying the absence of significant
collateral ventilation between the adjoining lobes. How-
ever, outside the experienced radiology core lab setting,
visual estimation of fissure completeness has been associ-
ated with a rather poor interobserver agreement.

Several computerized semiautomated methods to quan-
tify the completeness of fissures have been developed,
which claim to reduce the interobserver variability or

Fibrosis Suspicious nodule Accidental findings

Figure 1.—CT analysis revealing emphysema morphology not recom-
mended for treatment.
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complement the visual read of an experienced radiologist.
These methods are more efficient and have an improved
reliability over visual methods. Automated software pro-
grams help also to measure the severity and distribution of
the emphysema.

Three major selection criteria for BLVR with quantita-
tive analysis of HRCT have been traditionally used: low-
attenuation area percentage (LAA%), heterogeneity score
(HS), and fissure integrity (FI) score. LAA% and HS are
important variables to filter subjects with homogeneous
and mild to moderate emphysema.

A complete fissure on HRCT is a surrogate for the absence
of collateral ventilation, which is defined as the ventilation
of alveolar structures through passages that bypass the nor-
mal airway. F1 is critical for selecting candidates for BLVR.9

There are several methods to measure the presence of
collateral ventilation. As previously mentioned, an indirect
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assessment of collateral ventilation is anatomical fissure
analysis using quantitative measure of computed tomog-
raphy (CT).

Anyway, a well-studied direct measurement of collater-
al airflow is the Chartis system® (Pulmonx, Redwood City,
CA, USA), which is an endobronchial pulmonary assess-
ment system ¢ 7 and that is considered the gold standard .
However, performing this measurement requires a bron-
choscopy and can include procedural challenges.

The most known software for the quantitative analysis
of the CT scan are StratX (Thirona BV, Nijmegen, The
Netherlands) (Figure 2, 3).

All quantitative measurements are extracted from the
baseline CT scans and automatically computed.

For VIDA an ad hoc FI cut off value of 90% is current-
ly adopted in the field to separate subjects with complete
fissures from the subjects with incomplete fissures.
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Figure 2.—StratX quantitative analysis of HRCT.
FLL integrity: 94% .
Baseline Follow-up 1 month
LAC clusters Lobar volumes Lobar volumes

FRUL integrity: 87%

LAC clusters

Figure 3.—Automated software analysis for Fissure integrity and emphysema severity and distribution using Apollo software.
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StratX is based on Thirona LungQ version 1.0.0 to assess
fissure completeness and lobar tissue destruction at base-
line for each subject. In each scan, the lungs, pulmonary fis-
sures, and pulmonary lobes were automatically segmented,
visually checked, and edited by trained medical analysts.
Each scan was read by two medical analysts, with the first
analyst editing the segmentation results where needed and
the second analyst checking the results. Based on the re-
sults of the lobe and fissure segmentations, a Fissure Com-
pleteness Score (FCS) was computed for each lobe as the
percentage of the lobar boundaries defined by a fissure.

The application of FCS thresholds results in three
groups: complete fissures (FCS>95%, optimal thresh-
old), incomplete fissures (FCS<80% lower threshold), and
partially complete fissures (optimal threshold FCS lower
threshold). In the partially complete fissure group, where
sensitivity and specificity of Quantitative CT (QCT) are
suboptimal, the use of Chartis for decision to treat is ana-
lyzed.10

After CT review and assess collateral flow using the
Chartis system, patients who have no collateral flow are
then treated using a lobar occlusion approach with one-
way endobronchial valves.

Patients who have an incomplete fissure at CT analysis
and those with Chartis system-proven collateral flow can
be treated with lung volume reduction coil (LVRC) when
the tissue destruction is mild to moderately severe and the
best emphysema phenotype for coil treatment is centrilob-
ular to moderate panlobular.

When the tissue destruction is too great to allow the use
of coils, patients can be treated with one of the more ex-
perimental flow-independent techniques, such as a sealant
or thermal vapor.

Knowledge of instruments and devices
Mechanisms of action
Valves

Bronchoscopic placement of valve aims to block the (sub)
segmental airways of the most diseased parts of the em-
physematous lungs. Successful blockage should result in
a full lobar atelectasis and subsequently volume reduction
of the treated part of the lung, thereby mimicking lung vol-
ume reduction surgery.

Before placing the valves, a clear treatment plan should
be developed, starting with the selection of the target lobe
and then considering the anatomy of the airways leading
to that lobe.
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The target lobe should be selected combining absence
of collateral ventilation, greater emphysema tissue de-
struction on CT, and confirmation of low lobar perfusion
using perfusion scintigraphy. Also, in patients where mul-
tiple target lobes are identified, perfusion scintigraphy, es-
pecially in homogeneous emphysema, may be helpful to
identify the target lobe (low perfusion in the target, with
high perfusion in the ipsilateral, not to be treated lobe).
Furthermore, absence of large bulla adjacent to the target
lobe, paraseptal emphysema, as well as absence of severe
scarring, fibrotic lesions, and significant pleural adhesions
is critical. Efficient placement of the valves requires care-
ful airway evaluation and systematic and thoughtful place-
ment. It is important to review the patient’s CT scan prior
to the procedure to evaluate the airway anatomy and con-
sider the depth and size of each target segment. This will
help define the order of valve placement and prevent over-
lap of the proximal ends of the valves, which can some-
times obstruct access to subsequent airways where valves
are to be placed.

The first multicenter, prospective, randomized con-
trolled clinical trial of the Zephyr® Endobronchial Valve
EBV® treatment in patients with heterogeneous emphy-
sema distribution and little to no collateral ventilation,
demonstrates significant clinically meaningful benefits
over current standard of care medical therapy in lung func-
tion, dyspnea, exercise capacity, and quality of life out to
at least 12-months post-procedure.3

In January 2018 Zephyr® Endobronchial Valve EBV®
had a Premarket Approval (PMA) application with the
US Food and Drug Administration (FDA). Three previous
randomized controlled trials of the Zephyr EBV (Trans-
form, Impact and Stelvio) in addition to LIBERATE, pro-
vide a robust body of evidence showing that the treatment
improves breathing, exercise capacity and quality of life,
while demonstrating long-term safety, in emphysema pa-
tients with little or no collateral ventilation as assessed
with the Chartis System.!1. 12

Concerning IBV Spiration valve, it is currently on go-
ing EMPROVE trial that is a randomized, controlled study
designed to demonstrate the ability of the Spiration valve
System (SVS) to be safety deployed in selected airway of
human subjects and to improve lung function.

Coils

Lung volume reduction coil treatment aims to lead a con-
traction of the most destructed lung parenchyma by the
coils reduces airflow to treated portions of the lung allow-
ing enhanced airflow to healthier untreated portions of the
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lung. This contraction also reduces hyperinflation, which
possibly improves diaphragmatic efficiency. Additionally,
by gathering up the loose parenchyma of the most severely
emphysematous segments, the coil may restore elasticity
and recoil to the whole lung, further improving expiratory
flow rates and lessening small airway collapse with air
trapping.

Centrilobular to moderate panlobular emphysema is
the best emphysema phenotype for coil treatment. Severe
panlobular emphysema, giant bullae and paraseptal em-
physema are morphological patterns of emphysema that
are not suitable for treatment with endobronchial coils.
Computerized quantitative CT analysis using densitom-
etry should be utilized to more accurately assess the
amount of parenchymal destruction and guide optimal
selection of the treatment site. Potential sites of treat-
ment are where there is lobar destruction of 20-80% at
the — 950 HU threshold on a low (or “soft”) kernel recon-
structed thin-slice (1 mm) high-resolution CT. The lobes
with the greatest degree of destruction should be targeted.
Endobronchial coils can be used independent of collateral
ventilation, and, hence, fissure integrity is not a crucial
assessment. Furthermore, emphysema patients with both
a homogeneous or heterogeneous emphysema distribution
can be treated. Similarly, both upper lobe or lower lobe
emphysema may be treated.!3

Aeriseal

The Aeriseal System is intended to reduce lung volume
in order to improve lung function and quality of life in
patients with advanced emphysema. It functions by physi-
cally occluding both small airways and collateral ait chan-
nels causing the treated area to collapse via absorption
atelectasis. It is a single use device intended to be used
by pulmonologist and thoracic surgeons in a bronchoscopy
suite or operating room.

Vapor

Bronchoscopic thermal vapor ablation (Uptake Medical
Technology, Inc., Seattle, WA, USA) is currently intended
for bilateral treatment of patients with severe upper lobe-
predominant emphysema irrespective of the interlobar CV.
By instillation of heated water vapor, a local inflammatory
reaction is induced leading to volume and mass reduction
of emphysematous segments.

It is currently the only technique where no implants are
left in situ. Furthermore, the segmental application of heat-
ed water vapor allows a targeted therapy of emphysema-

406

PANMINERVA MEDICA

COMPETENCE IN BRONCHOSCOPIC TREATMENTS IN EMPHYSEMA

tous destroyed lung segments and thus BTVA has the po-
tential to manage intralobar heterogeneous emphysema.!4

Since the mechanism of action for reduction with vapor
does not rely upon collapse through blocking or valving of
the airway, complete fissures are not required for reduc-
tion. Incomplete fissures allow for collateral ventilation
between lobes and patients with collateral ventilation are
not recommended by valve manufactures due to their in-
ability to achieve lung volume reduction.

The devices
Valves

Two types of valve got CE marking (Conformité Euro-
péenne): endobronchial Zephyr valve (Zephyr EBV, Pul-
monx, Inc. Palo Alto, CA, USA, Figure 4) and intrabron-
chial Spiration valve (Spiration IBV, Olympus Respiratory
America, Redmond, WA, USA, Figure 5).

Figure 4.—Pulmonx® Zephyr endobronchial valves (EBV); B) EBV
valves.
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Zephyr EBV

The Zephyr® Endobronchial Valve (Zephyr Valve) is an
endobronchial implant designed to occlude airflow in the
target lobe and thereby reduce lung volume. The device
consists of a oneway silicone duckbill valve attached to
a nickel-titanium (nitinol) self-expanding retainer that is
covered with a silicone membrane.

Three different size are available (Table I).

It is implanted in the target bronchus during a bronchos-
copy procedure using the Zephyr Endobronchial delivery
catheter (EDC) that is guided to the targeted bronchus by
inserting it through the working channel of an adult bron-
choscope.

Successful lobar occlusion may require placement of
multiple Zephyr Valves in bronchi of the target lobe. The
Zephyr valves permit air to vent out of the treated lobe dur-
ing exhalation but do not permit refilling of this region dur-
ing inhalation to reduce hyperinflation due to emphysema.
Trapped air in the diseased lobe escapes through the Zephyr
Valves until the lung volume of the treated lobe is reduced.

The Zephyr Valve is designed to be a permanent im-
plant, but can be removed, if necessary (Figure 4B).

Spiration IBV

The valve is comprised of a frame made from Nitinol and
a polymer membrane. The membrane is held against the
airway mucosa by 6 elastic struts and will expand and con-
tract with airway movement key.

The 5 anchors have tips that penetrate the airway wall
to a controlled depth, preventing the valve from migrating.
The valve is available in 5-, 6-, and 7- and 9-mm diam-
eters. The valve can be removed by grasping the removal
rod with flexible bronchoscopy forceps.

The valve is provided sterile in a disposable loading tool
that allows the operator to insert the valve into the distal
tip of the catheter. The deployment catheter can be passed
through a flexible bronchoscope working channel with a
diameter >2.6 mm. After loading, the catheter is advanced
through the bronchoscope working channel to the target im-
plant site. The 5-, 6-, and 7-mm catheters include a feature,
the valve deployment guide (VDGQ), to aid the operator in

TABLE L.—Zephyr endobronchial valve.

Airway diameter
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identifying the location of the proximal end of the valve
struts when compressed in the catheter. This feature is a
mark on the distal outer surface of the catheter that is visible
to the operator via the bronchoscope viewing system. The
VDG is in addition to the standard visualization of the com-
pressed valve’s membrane struts inside the catheter. The
valve is deployed when the operator actuates the deploy-
ment handle of the catheter, retracting the catheter sheath to
release IBV Valve System Tray Label the valve (Figure 5B).

Coils

The coil is delivered through a standard 2.8 mm inner
diameter therapeutic bronchoscope. The coil system is a
two-part system that consists of: 1) sterile implants (3 siz-
es: 100 mm, 125 mm, and 150 mm); 2) sterile, disposable,
single-use (single-patient) delivery system consisting of a
cartridge, a catheter, a guidewire and forceps (Figure 6).
Each coil implantation procedure must be performed un-
der fluoroscopy in accordance with the instruction for use
(IFU). Use of general anesthesia or conscious sedation is at

5 mm 6 mm
iﬁ 10 mm % 11 mm
8§ mm 9 mm
7 mm 9 mm
‘ |
lme% 12 mm
- .- /| -
10 mm

Figure 5.—Spiration IBV valve System; B) bis IBV valves.

Item number Description
range
EBD-TS-4.0 Zephyr 4.0 Endobronchial Valve 4.0-7.0 mm
EBD-TS-4.0-LP  Zephyr 4.0-LP Endobronchial Valve 4.0-7.0 mm
EBD-TS-5.5 Zephyr 5.5 Endobronchial Valve 5.5-8.5 mm Figure 6.—Endobronchial coils.
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Figure 7.—Coils bilateral treatment.

the discretion of the bronchoscopist and anesthesiologist. A
complete treatment includes two treatments: the first side
(upper or lower lobe Coil implantation) followed by treat-
ment of the contralateral side (Figure 7). Procedures must
be staggered (contralateral procedure should be scheduled
approximately 2 months after first treatment), such that
both lungs are not treated during a single procedure. Lobar
targeting for Coil implantation will be based on QCT den-
sitometry analysis provided by dedicated software.

AeriSeal

The AeriSeal system is designed to function at the level of
the small airways and alveoli by blocking collateral chan-
nels and preventing gas from entering the region, causing
absorption atelectasis (Figure 8).

Thus, its efficacy is not affected by collateral ventila-
tion. The cross-linking agent used in the AeriSeal system is
4.5 mL of 2.1% (weight/volume) aminated polyvinyl alco-
hol and 0.5 mL of 1-25% (weight/volume) glutaraldehyde.
This solution is mixed with 15 mL of air to produce the
AeriSeal foam, which is delivered using a bronchoscope
through a catheter into a pulmonary segment. Once the ap-
posing lung parenchyma surfaces within the treated area
are close enough to one another, the adhesive film seals
the area closed to ensure a persistent clinical response. The
most diseased areas of the lung on HRCT are treated.!5

Vapor

The InterVapor System consists of a reusable InterVapor
Generator, a disposable InterVapor Catheter, and an In-
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& -~ » h’/ omponents and 2 vials Solution B
o N 4-Pack: Package with

. AER-FO-400 |4 vials Solution A
and 4 vials Solution B

——

o (2 j

2 Close up view of sealed pulmonary
subsegment.

%

o

e —
a

1 AeriSeal Foam Sealant administered
into a pulmonary subsegment.

3 The treated area collapses over time
via absorption atelectasis.

4 Lung volume is reduced as treated
area collapses.

B

Figure 8.—A) AeriSeal components; B) bis AeriSeal treatment.

terVapor Personalized Procedure Program (IP3). The re-
usable InterVapor Generator provides power and is con-
nected to a disposable InterVapor Catheter that is used to
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Figure 9.—Intervapor procedure; B) BTVA System.

deliver heated water vapor through a bronchoscope chan-
nel to targeted emphysematous upper lobe segments. The
treatment plan (IP3) provides the duration (dose) of vapor
treatment to each target airway based on the individual’s
specific tissue mass determined from high resolution com-
puted tomography (HRCT) (Figure 9).

Complications
Valve complication

Pneumothorax is a possible complication following endo-
scopic valve therapy in emphysema patients and it occurs
due to the rapid target lobe volume reduction. It may be a
predictor of clinical benefit.

Although pneumothorax does not impair the clinical
status in the majority of patients during follow-up, this
complication needs to be considered a serious adverse
event and an emergency in patients with advanced emphy-
sema and limited respiratory reserve.

Adequate pneumothorax management, including chest
tube insertion, valve removal, or surgical interventions,
should be available in any institution performing endo-
scopic valve therapy

Optimal patient selection improves results, but also the
likelihood of pneumothorax. There is, however, little evi-
dence of what its occurrence could be influenced by.

Gompelmann ef al.16 identified low attenuation volume
of the ipsilateral untreated lobe, ipsilateral untreated lobe
volume/hemithorax volume ratio, emphysema type, pleu-
ral adhesions and RV as significant predictors of pneumo-
thorax. However, no single risk factor has been identified
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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.

Recommendations for the treatment of a pneumothorax
after valve treatment.

Other serious adverse events include COPD exacerba-
tion, pneumonia, hemoptysis and death did not show sig-
nificantly higher prevalence in valve treated patients com-
pared to controls. However, care providers must be aware
of potentially fatal complications, such as post-valvular
pneumonia with septic shock or severe hemoptysis with
subsequent respiratory failure. Recently, a case of severe
hypersensitivity pneumonitis in a patient with Nickel al-
lergy treated with endobronchial valves. 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 Niti-
nol (nickel alloy) rather than nickel, valve placement in
patients with distinct symptoms of Nickel allergy should
only be done with caution.

Coil complication

The most common serious adverse events of BT VA treat-
ment include COPD exacerbation (24%) and pneumonia
or pneumonitis (18%). Therefore, we recommend vigi-
lance to proactively detect and treat these complications.
As mentioned before, each patient treated with BTVA
should receive prophylactic antibiotic therapy to minimize
the risk of respiratory exacerbations and bacterial superin-
fection. Systemic steroids may improve symptoms related
to the inflammatory process. A new entity has emerged that
runs any the term: “coil-associated opacities.” The radio-
logical 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 opac-
ities may enhance the beneficial effect on pulmonary func-
tion on the long-term.

Though not frequent, patients who develop acute respi-
ratory failure may require mechanical ventilation; how-
ever, non-invasive ventilation is the first treatment choice.
In case of sepsis due to pneumonia, intensive treatment
medicine and standard therapeutic strategies according to
the guidelines are recommended.

Hemoptysis can be observed in 1-3% of cases following
BTVA treatment. It can be assumed that the hemoptysis
is a consequence of the acute inflammatory reaction that
is accompanied histologically by alveolar damage, bron-
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chitis, bronchiolitis, and bronchopneumonia. Antibiotic
therapy and steroids may reduce the inflammatory process
and thus minimize the risk of bleeding.

Pneumothorax is a rare complication following BTVA
treatment. Despite this, a chest X-ray should be performed
following the procedure to exclude this complication. In
case of pneumothorax, treatment does not differ from the
usual pneumothorax management.!3

Aeriseal and vapor complications

After BLVR with vapor, 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%.17 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).

After aeriseal treatment patients can develop post-treat-
ment acute inflammatory response (PAIR) with fever, dys-
pnea, chest pain, cough, elevated inflammatory markers.
Symptoms generally resolve within 3 days, and inflamma-
tory markers generally normalize within 7 days.

Severity and duration may be reduced by prophylactic
corticosteroids and antibiotics.

In case of PAIR patients should be assessed on day 7 to
determine if they have returned to baseline dyspnea, exercise
tolerance, and supplemental oxygen use. Patients who have
not returned to baseline should continue a low-dose, extend-
ed corticosteroid taper for an additional 2 weeks. Symptoms
of prolonged PAIR generally resolve within 2-3 weeks.

Potential severe post-treatment adverse events may in-
clude but not limited to COPD exacerbation, pneumonia
and respiratory failure.

Patients may receive additional treatments in a separate
treatment session.

Patients should not undergo additional treatment ses-
sions until any post-treatment inflammatory response has
resolved.!s

Core basic skills

» Competency in flexible and — optional — rigid bron-
choscopy, as discussed more in detail in other contribu-
tions of this special issue (see article on “Flexible bron-
choscopy and basic biopsy technique: endobronchial biop-
sy, transbronchial biopsy, TBNA, ROSE, BAL, brushing”
and “Rigid bronchoscopy”);
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e active participation within the multidisciplinary team,
with radiologists, pathologists, thoracic surgeons;

 sedation and oxygenation techniques, and manage-
ment of related complications (see section: “Sedation in
IP™);

e clinical and radiographic (CT Scan and PET) evalu-
ation of the patient, his/her comorbidities, risks and man-
agement of difficulties and complications;

* radiographic/endoscopic correlations;

* technique of preparation, loading and delivery of the
different devices;

* technique for the removal of the various devices;

e prevention and management of possible complica-
tions (pneumothorax, respiratory failure, pneumonia,
bleeding, exacerbation of COPD);

» management of the patient’s follow-up.

Procedural steps
Chartis procedure

Chartis procedure is performed during a bronchoscopy.
Once the patient is ready to undergo the bronchoscopy,
there are a number of important nuances that can make
the procedure easier. It is important that the patient is ad-
equately medicated to provide anxiolysis, analgesia, and
topical anesthesia to ensure patient comfort and minimize
movement. General anesthesia is the preferred and rec-
ommended method for the Chartis measurement and for
valves and coils placement due to the ease of airway and
patient management.

Individual Institutional sedation guidelines should be
followed. Optimal sedation during the Chartis procedure
is critical, as the patient must exhibit enough tidal breath-
ing in order to validate the detection of a CV-negative tar-
get, but must be adequately sedated to avoid coughing and/
or secretion production. A moderate sedation is ideal in
prevention of respiratory failure and increased carbon di-
oxide retention, and deep sedation should be considered at
facilities with appropriate ventilatory support and recov-
ery resources. The choice of medications for good patient
management is typically determined by institution-specific
guidelines and practices.

Before starting Chartis assessment it is mandatory to:

* test the balloon by injecting approximately 1 mL (cc)
of air and close the stopcock (Figure 10);

* inspect the balloon to ensure that it holds air volume. If
the balloon holds air volume, it is ready for use (Figure 11);

* open the stopcock, retract the plunger of the syringe
to remove the injected air, and close the stopcock;
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Figure 10.—Test the balloon by injecting approximately 1 mL (cc) of air
and close the stopcock.

Figure 11.—Inspect the balloon to ensure that it holds air volume.

» connect the AC adapter to the back of the console;

* power on the console;

e unplug the 3-red quick-disconnect plugs from the
sockets (1 on the front, 2 on the side). The plugs remain
disconnected during console operation;

 step 1 —press “assess” to begin;

* step 2 — select language;

* to enter patient information, click on the PATIENT ID
field. A keyboard will pop-up. In patient name fields enter
initials only;

 sequentially enter information in each field. Click
OK.

* Click SAVE on the patient information screen.

e Select Lobar and choose lobe for EBV assessment
(Figure 12).

* Attach the connector set to the Chartis console. The
connector set is included in the Chartis catheter packaging;

* lubricate the distal tip of the catheter;

* position the bronchoscope into the target airway;

* suction the target airway to clear it of mucus and flu-
ids;

* outside of the ostium of the target lobe insert the bal-
loon into the bronchoscope, and the black marker of the
balloon catheter should be visible prior to balloon infla-
tion. Note that the obturator should be retained within the
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Select Airway

“

Mode

Standard

Airway

® Lobar

Segmental

@ standard (0)
Ventilator (2)

RUL

(0, S:0)

LUL

(0, S:0)

RML

Figure 12.—Select Lobar and choose lobe for EBV assessment.

balloon catheter to prevent the catheter from kinking and
prevent secretions from entering the airflow channel (Fig-
ure 13);

* position the balloon in the target airway location;

* remove the obturator from the catheter (Figure 14);

* connect one end of the three-way stopcock to the con-
nector set;

* connect the other end to the main lumen port on the
catheter (Figure 15);

¢ flush the catheter’s main lumen:

1

Figure 13.—The obturator should be retained within the balloon catheter
to prevent the catheter from kinking and prevent secretions from enter-
ing the airflow channel.

PANMINERVA MEDICA 411


Corbetta
Evidenziato
L'elenco non deve riportare il punto e virgola ma, il punto alla fine e la maiuscola all'inizio di ogni frase.

Corbetta
Evidenziato
L'elenco non deve riportare il punto e virgola ma, il punto alla fine e la maiuscola all'inizio di ogni frase.


BEZZ1

Figure 15.—Connect the other end to the main lumen port on the catheter.

1) connect a fully retracted 10-cc syringe;

* 2) ensure the syringe port is in the OFF position;

* 3) depress the syringe’s plunger to build up pres-
sure | (Figure 16);

* 4) rotate the stopcock valve away from the catheter
to allow flow from the syringe to the catheter lumen;

* 5) depress the syringe to empty it of remaining air
(Figure 17);

* 6) detach the syringe from the stopcock and repeat;

* 7) rotate the stopcock, keeping the main catheter
lumen open to the connector set.

* 8) Inflate the catheter balloon:

¢ 9) Using the syringe on the BALLOON port, inject
up to 3 mL (cc) of air as needed to create a seal in the air-
way under constant visualization — the light source from
the scope should be reflected off of the balloon;

* 10) close the stopcock to secure the inflated bal-
loon (Figure 18).

* 11) carefully inspect the positioning of the catheter
to ensure that there is adequate contact between the bal-
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Figure 17.—Depress the syringe to empty it of remaining air.

Figure 18.—Close the stopcock to secure the inflated balloon.

loon and the airway wall. Circumferential blanching of
the mucosa indicates an adequate seal. Once verified, the
bronchoscope should be gently advanced over the Chartis
catheter and rested against the balloon to allow visualiza-
tion thru the balloon and ensure that the distal end of the
catheter is not being obstructed by secretions, the airway
wall, or septum.
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Once the stylet is removed, regular flow should be seen
on the Chartis display prior to initiating the assessment.

Perform the assessment for up to 6 minutes, assum-
ing there is good balloon contact. Care should be taken to
closely monitor for catheter obstruction, as obstruction can
cause an immediate drop of the flow curve and substan-
tially extend the measurement.

Once the flow is visualized and measured, the trend is
typically quite evident. However, it can take some time to
remove the volume of air from the target lobe in hyper-
inflated patients prior to seeing a downward trend in the
flow reading.

It is recommended that the operator observes both a
significant volume of air recorded (800-1000 mL) and a
reasonable assessment time of at least 5-6 minutes to con-
clude a positive assessment of collateral ventilation.

The slope of the flow decrement curve depends on the
compliance and pressure of the lobe being measured; how-
ever, the decrease should be steady if the lobe is CV negative.

The validity of measurement can be confirmed by con-
tinuing the measurement after stopping the assessment
without deflating or moving the balloon; a notable spike
in the expiratory flow once the assessment is stopped, con-
firms that the measurement was correct.

The assessment of collateral ventilation with Chartis

BEZZI

system can be inconclusive in about 16% of the patient’s
CV status is confirmed by a gradual decrease and eventual
cessation of expiratory airway flow in addition to a cor-
responding increase in resistance.

Proceed to assess a secondary target lobe if available.

BLVR with valves
EBV valve

Two different loading components are available: Blue is
for 4.0 EBV and Green is 5.5 EBV.

Step 1: remove pusher (labeled as 1) (Figure 19);

step 2: pull loading components completely apart (Fig-
ure 20, 21);

step 3: pull valve compressor back (Figure 22, 23);

step 4: place delivery catheter in groove, then release
valve compressor so that it slides over the distal end of
the EDC;

step 5: hole to insert pusher (Figure 24);

step 6: insert pusher (Figure 25);

step 7: advance pusher with thumb;

step 8: ensure pusher completely advanced (Figure 26);

step 9: retract valve compressor (Figure 27);

step 10: remove delivery catheter from groove (Figure
28);

Figure 19.—Step 1: remove pusher (labeled as 1).

Figure 21.—Loaded components.
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Figure 22 —Preparing valve compressor.
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Figure 23.—Valve compressor ready.

Figure 25.—How to insert pusher. Figure 26.—Placed pusher.

Figure 27.—Valve compressor. Figure 28.—Delivery catheter.

step 11: confirm valve located in delivery catheter (Fig-
ure 29).

Placement

Consideration should therefore be given to first placing the
valves in the more distal and least accessible airways, prior
to the easier more accessible proximal airways.

Ideal positioning

* Retention portion of valve inside lumen,;
* valve and valve protector proximal to ostium;
* valve is centered within bronchus. Figure 29.—Valve located in the delivery catheter.
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Figure 30.—Improper placement of a valve.

Figure 31.—Actuator in fully retracted / locked position.

Improper placement of a valve

 For proper sealing and to avoid expectoration, reten-
tion struts must be distal to ostium (not protruding);

« if too proximal, remove and replace valve;

* do not attempt to reposition the valve;

» never reuse a valve (Figure 30).

EBYV deployment

* Once delivery catheter housing in proper position:

¢ press down and forward on the handle actuator to de-
ploy the Zephyr EBV;

 use only moderate force to deploy the Zephyr EBV.
If excessive resistance is met while deploying, stop and
remove the system. Discard and load another new Zephyr
valve and delivery catheter (Figure 31).

Press down and forward to deploy Zephyr EBV.

A valve can be positionated through two different tech-
nique:
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Figure 32.—Short segment technique.

Short segment technique (Figure 32):

 advance the catheter so that the marker on the tip of
the catheter is visible and then slowly, partially release the
valve proximal to the bifurcating carina;

* the entire unit should be then advanced to the carina
and then fully deployed; this ensures the valve blocks all
airways distal to the target bronchus.

Long segment technique (Figure 33):

* position the depth marker slightly distal (1 mm to 2
mm) to the ostium of the target segment and deploy the
valve;

* it is important to note that a valve should never be de-
ployed before visualizing the location of the distal carina
to ensure the valve is correctly positioned to block all the
airways of the target segment.

For proper placement, proximal end of retention strut
must engage bronchial wall distal to ostium sizing require-
ments

There are two measurements that must be made prior to
deployment of the EBV to ensure you have the correct size
valve for optimal performance:

1. The physician must measure the diameter of the tar-
get lumen at the ostium to determine what size valve to
use and confirm the lumen is within our size ranges: 4.0
mm to 8.5 mm,;

2. the physician must measure the length from the os-
tium of the lumen to the distal bifurcating carina to ensure
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Figure 33.—Long segment technique.

there is enough length to house the retention portion of the
EBV.

Using delivery catheter for required measurements:

delivery catheter allows physician to objectively mea-
sure the target segment to ensure:

1. correct diameter valve is used;

2. appropriate length between the ostium and bifurcat-
ing carina to place a valve.

The wings on the catheter should be used to identify
the minimum and maximum diameter of the valve (Figure
34). The longer wings, representing the maximum diam-
eter of the valve, should touch the airway walls at the wid-
est point of the lumen. This can be accomplished by rotat-
ing the catheter by turning the handle when the catheter
is in position. The two shorter wings indicate the smallest
size of the bronchial segment that can be treated. When
in doubt, physicians should oversize the diameter of the
valve if they have the airway depth to do so, as this will
provide a tighter seal.

Retention portion of EBV needs to be in lumen of target.

The depth marker on the endobronchial delivery cath-
eter can be used to help determine the distance that the
valve will protrude from the landing zone and validate the
optimal order of placement. It is very important to ensure
the target segment has enough length between the distal
bifurcating carina and ostium to land the body of the valve.
This can be accomplished by ensuring the length of the
airway segment is greater than the distance from the tip
of the delivery catheter to the blue marker (Figure 35).
This distance represents the length of the valve housing
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Figure 34.—Wings of the catheter.

i
:

e

Figure 35.—Length of the airway segment.

that should be seated behind the ostium to ensure correct
placement.

Warning: do not place the Zephyr EBV such that the
distal end of the retainer is placed beyond the distal carina
of the target bronchus (Figure 36).

* This leaves one branch untreated and will result in a
leak and lack of volume reduction;

* this may also result in proximal migration of the im-
planted Zephyr EBV;
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Figure 36.—Dis-
tal end of the re-
tainer beyond the
distal carina.

* precaution: attempting to reposition the Zephyr EBV
by grasping the valve protector portion of the retainer may
result in device damage.

During the placement of a valve, it can be helpful to
locate the tip of the delivery catheter just outside of the
bronchoscope and then maneuver as close as possible to
the target area. After valve sizing measurements are made,
advance the catheter so that the marker on the tip of the
catheter is visible and then slowly, partially release the
valve proximal to the bifurcating carina.

The “low profile” EBV-TS4.0-LP valve is often useful
for placement in short segments.

IBV valve

Prior to the procedure, a balloon is calibrated to size the
airways. The calibrated balloon is used to determine the
appropriate valve size for placement (Figure 37).

1) remove green plunger clip;

2) depress plunger;

3) rotate yellow lock;

4) lift and pull catheter from loading tray.

1. Carefully insert the catheter into the working channel
of the bronchoscope. Only use a bronchoscope with a 2.6
mm working channel or larger. Do not bend, kink or Jam
the distal end of the catheter while inserting. A kink may
prevent the valve from deploying from the catheter. If this
occurs, discard the catheter and valve.

2. While the bronchoscope is in a relaxed position, ad-
vance the catheter until the stabilization rod and removal
rod tip are visible.

3. Remove the red safety clip from the deployment
handle. While looking at the removal rod tip through the
catheter, slowly depress the white deployment handle to
eliminate any gap between the removal rod tip and the sta-
bilization rod (S). Retract the catheter until the end of the
catheter tip is just visible at the end of the bronchoscope
and does not interfere with its operation.
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Figure 37.—Loading
the spiration valve.

4. Under bronchoscopic observation, advance the bron-
choscope to the deployment location.

5. Position the bronchoscope so that the target airway
location is visible and the tip of the catheter can be directed
into the target site without bending or kinking the catheter.

6. Advance the catheter to the target location for valve
deployment.

7. Position the catheter so that the VDG or the proxi-
mal tips of the membrane struts (S) are visible and align
the VDG/struts with the target location in the airway. The
valve may settle 1-2 mm distal over time.

8. Important: Hold the catheter in place at the opening
of the insertion port of the bronchoscope.

9. Under bronchoscopic observation, depress the white
deployment handle, which retracts the catheter sheath and
releases the valve.

10. Once the valve is completely deployed, remove the
catheter from the bronchoscope.

11. Examine the valve for opening, position, and fit. The
valve should be opened and opposing against all borders
of the airway.

1. Removal of valves should be conducted under bron-
choscopic observation. It is recommended that valves
should be removed through an endotracheal (ET) tube.

2. Insert the appropriate forceps through the working
channel of the bronchoscope, directing the forceps to the
target location (Figure 38).

3. Grasp the removal rod with the appropriate forceps
and gently pull the valve until it is dislodged from the air-
way wall. Use care to make sure that the removal rod does
not get caught in the fenestration of the forceps when re-
moving the valve.

4. Before removing the valve from the trachea, pull the
valve as close as possible to the end of the bronchoscope.

5. While still firmly holding onto the valve with the
forceps, simultaneously remove the bronchoscope and the
forceps from the patient.
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Figure 38.—Spiration valve removal with forceps.

BLVR with coils step by step

Endobronchial coils are non-blocking, shape-retaining
nitinol devices delivered bronchoscopically into the sub-
segmental airways to induce parenchymal compression
and enhance lung recoil. 10-12 coils (size 100-150 mm)
are delivered in the most diseased lobes using fluoroscopy
to control positioning. One lobe is treated per procedure,
and a contralateral lobe is treated 1-4 months later. The
proposed mechanism of action of the endobronchial coils,
which act independently of collateral flow, is a combina-
tion of the physiological effects of lung volume reduction
and restoration of the elastic properties of the lung tissue.

1. Navigate the bronchoscope to the target airway and
position at the ostium of a segmental airway. 2. Insert both
the catheter and guidewire into the working channel of the
bronchoscope.

3. Advance and navigate the guidewire into the distal
targeted airway under fluoroscopy guidance (Figure 39).

4. Estimate position of pleural edge and length of the
airway with the guidewire and then retract the guidewire
so that it is either far enough from the pleural edge (25-40
mm) or a maximum of 1.25-1.5 fluoroscopy markers distal
from the tip of the bronchoscope (to accommodate a 125-
mm coil).

5. Hold the guidewire position fixed relative to the bron-
choscope and advance the catheter distally but not beyond
the tip of the guidewire.

6. Once the catheter is in the desired position, withdraw
the guidewire tip until it is aligned with the tip of the catheter.

7. Use the radiopaque markers on the guidewire to mea-
sure the airway length.

8. Remove the guidewire from the catheter while main-
taining the catheter position.

9. Select the appropriate Coil size by counting the num-
ber of radiopaque markers on the guidewire visible outside
the bronchoscope. The markers indicate the minimum rec-
ommended coil size to be used. Do not count the Guide-
wire tip as a marker for Coil selection. The desired size
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< - Advance Guidewire

Radiopaque Tip of Catheter Bronchoscope

Radiopaque Tip
of Guidewire

Figure 39.—Advancing guidewire into targeted airways.

coil can be loaded into the cartridge (1 radio-opaque mark-
er or fractionally less=100 mm, at least more than 1.25-1.5
of the distance between the first marker or more=125 mm
and if more than 2 markers consider using 150-mm coil)
(Figure 40).

10. Connect the cartridge to the Luer-lock hub of the
catheter and lock into place.

11. Deliver the coil into the catheter by advancing the
forceps and coil.

12. Align the distal end of the coil with the distal end of
the catheter.

13. Position the coil using fluoroscopy.

14. Have an assistant hold the bronchoscope fixed rela-
tive to the patient.

15. Deploy the coil using fluoroscopy by withdrawing
the catheter with one hand, while holding the coil position
fixed with the forceps using the other hand.

16. Verify the position of the coil under fluoroscopy and
release the coil by unlocking the forceps under gentle trac-
tion.

17. Remove the forceps from the catheter.

18. The catheter may continue to be used to repeat steps
2-17 to deploy additional coils. The coil can be removed or
repositioned by reversing this implantation process.

e CUidewire and

Catheter Tip
(DO NOT COUNT)

Marker #1

Marker #2

Figure 40.—Guidewire radiopaque marker band under fluoroscopy.
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BLVR with AeriSeal step by step

The AeriSeal System is intended to reduce lung volume
in order to improve lung function and quality of life in
patients with advanced emphysema. It functions by physi-
cally occluding both small airways and collateral air chan-
nels, causing the treated area to collapse via absorption
atelectasis. It is a single use device intended to be used by
pulmonologists and thoracic surgeons in a bronchoscopy
suite or operating room.

First is the identification of the most diseased segments
of the target lobe(s).

Then it is important to identify one subsegment within
each chosen segment for treatment and a backup sites in
case subsegments cannot be treated.

Treatment site selection:

* do not treat regions with pre-existing radiologic ab-
normalities that require follow-up;

* do not treat subsegments that are scarred or have
granulation tissue due to prior pathology or valve therapy;

* no more than two lobes should be treated during a
single treatment;

* no more than 4 subsegments should be targeted for
treatment in a single treatment session;

» no more than 2 subsegments should be treated within
a single lobe in a single treatment session;

* treating adjacent lung regions can be associated with
increased incidence and/or severity of post-treatment in-
flammatory responses and COPD exacerbations;

* treat only one subsegment within a segment.

Patient preparation

» Follow institutional guidelines for preparing patient
for bronchoscopy and anesthesia;

* pre-treat patient with short acting bronchodilator 15-
20 minutes prior to procedure to reduce bronchospasm;

 provide adequate anesthesia (general anesthesia or
conscious sedation) to ensure patient comfort and safe air-
way access;

* apply topical anesthesia to minimize coughing.

Starting on the day of treatment, all patients must be
administered the following prophylactic therapy:

* corticosteroids (7 days);

* antibiotics (7 days);

* NSAIDs (3 days);

* antiacids (7 days).

First doses of corticosteroids and antibiotics should be
administered at least 2 hours prior to procedure.
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Balloon catheter preparation

 Lubricate the distal tip of the balloon catheter with
a viscous sterile lubricant for ease in passing the catheter
through the working channel of the bronchoscope;

» attach the 1-way Stopcock to balloon inflation port of
the catheter;

* depress plunger of sterile 3 mL syringe and attach to
opposite end of the 1-way Stopcock. Ensure the 1-way
Stopcock is in open position;

 apply a vacuum to the balloon lumen by retracting
the plunger of the inflation syringe and closing the 1-way
Stopcock prior to inserting the catheter into the broncho-
scope;

* fill a 30 mL syringe with 15 mL of air and set aside;

* push air out of the 20 mL syringe and connect to Stop-
cock;

* position “OFF” handle of the Stopcock to point op-
posite the 20 mL syringe;

» Using a new 20 G needle and a 6 mL syringe, draw
up 4.5 mL of Solution A; remove the white cap from the
middle port of the 3-way Stopcock and connect the 6 mL
syringe containing Solution A to the port;

 confirm that the Stopcock is positioned so that the
“OFF” handle points opposite the 20 mL syringe to prevent
accidental spillage of treatment material. Deliver all of So-
lution A to the 20 mL syringe. Remove the empty 6 mL sy-
ringe;

* using a new 20 G needle and a 1 mL syringe, draw up
0.5 mL of Solution B;

* select a standard flexible bronchoscope with 4.5-5.4
mm OD and working channel diameter >2.0 mm or >2.8
mm for delivery with balloon catheter;

* survey the airways. Discontinue treatment if patient is
not tolerating bronchoscopy or if purulence, bleeding, or
an unexpected endobronchial lesion is detected;

 guide the flexible bronchoscope to the subsegment
that has been selected for treatment;

* insert the balloon catheter with the obturator into the
working channel of the bronchoscope;

+ advance balloon catheter approximately 2 cm beyond
the distal tip of the bronchoscope until the catheters distal
balloon tip is visualized and the strain relief is engaged in
the bronchoscope valve. Guide the bronchoscope to the
subsegment that has been selected for treatment and posi-
tion the distal tip of the balloon into the target airway;

» remove the obturator from the catheter;

¢ use the 3 mL syringe inflate the balloon as needed to
create a seal in the airway. Close the one way stopcock
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to ensure balloon remains inflated. Confirm via visual in-
spection that the target airway is occluded. Air bubbles at
the balloon should not be visible during respiration. Cath-
eter tip should not be contacting airway wall;

 connect the 1 mL syringe containing Solution B to
the 3-way Stopcock at the middle port. Deliver Solution B
from the 1 ml syringe to the 20 mL syringe that contains
Solution A. This initiates polymerization.

All subsequent steps should be performed quickly to
prevent the material from polymerizing before delivery.

* Remove the empty 1 mL syringe and connect the 30
mL syringe containing 15 mL of air to the Stopcock at the
middle port;

+ generate a uniform white foam by alternately pushing
the plungers of the 20 mL and 30 mL syringes so that the
mixture passes through the Stopcock a total of 10 cycles,
therefore each plunger will need to be pushed 10 times.
Two passes through the Stopcock make up one cycle. This
should take between 7 and 15 seconds;

* following foam generation, ensure that the desired
volume of Foam is contained in the 20 mL syringe. Trans-
fer any excess Foam to the 30 mL syringe;

* inject the desired volume of Foam into the Catheter
applying steady firm pressure to the plunger of the 20 mL
syringe. Complete injection of the Foam should take be-
tween 5 and 30 seconds;

 keep the plunger of the 20 mL syringe depressed for
at least 5 seconds after completion of injection to ensure
that all of the Foam is delivered;

» attach a 60 mL syringe to the balloon catheter;

» over 5 seconds inject up to 30 mL of air through the
balloon catheter with the 60 mL syringe to promote distal
distribution of the Foam;

* keep the balloon catheter inflated and in position for
at least 1 minute to prevent spillage of material;

* deflate the balloon catheter and remove from the
bronchoscope.

Treatment completion

After all target sites have been treated, briefly inspect the
large airways. Spillage of small amounts of Foam Sealant
can be suctioned out through the bronchoscope. The bron-
choscope should be cleaned after each patient use in ac-
cordance with the manufacturer’s instructions. No special
cleaning techniques are required.

* monitoring should be continued until the patient is
awake and responsive;

* observe patient at least overnight in the hospital;

* discharge patient when clinically stable;
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* patients should complete the full steroid + antibiotic
prophylaxis regimen.

Bronchoscopic thermal vapor ablation Step by Step

For the treatment, an InterVapor catheter is guided through
the airways via a standard therapeutic bronchoscope (min-
imum 2.8-mm channel diameter) to the diseased segment
and a precise, patient specific, dose of vapor is delivered.
This painless, vapor dose is delivered in 3 to 10 seconds,
ablating the targeted portion of diseased tissue causing a
natural, gradual reduction occurring over a 4-6-week re-
parative process. The amount of energy delivered is cal-
culated based on the mass of the emphysematous segment
to be ablated and is presented as calories/gram (cal/g) of
diseased tissue. The vapor disperses within the emphy-
sematous segment resulting in ablation of the segment’s
parenchyma and airways. Immediate cell death occurs to
the diseased alveoli, bronchioles and microvascular of the
segment. The body’s natural healing mechanisms (e.g.
macrophages, neutrophils) remove the ablated cells and
results is a reduction in the mass and volume of the dis-
eased segment. The surrounding, better functioning, seg-
ments of upper lobe as well as the middle and lower lobes
expand. The healing process typically matures within the
first 6 weeks following vapor ablation and is typically fol-
lowed by improvements in pulmonary function and qual-
ity of life.

The InterVapor therapy typically consists of one to two
procedures of Vapor treatment separated by at least three
months to allow for complete healing prior to subsequent
procedures.

Theoretical and practical training

BLVR is a highly complex procedure: a first-level compe-
tence is a pre-requisite for admission to training.!8

Trainees must possess in-depth knowledge of anatomy
and be capable of interpreting imaging findings, especial-
ly in terms of evaluating fissures, pulmonary density by
means of HRCT. In addition, trainees must be able to use
and interpretate quantitative analysis of CT scan with dif-
ferent software.

The practical training must be based on:

¢ live session and clinical case discussion with empha-
sis on the strategy to follow in different situations;

* task trainer simulation with plastic model,;

* non-technical skill simulation for the training on how
to manage complications within a multidisciplinary team
with anesthetist and nurses;
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* training on animal models and cadaver;

e training on patient under supervision;

In order to complete user training, each user must com-
plete for each device the “hands-on” device training.!®

Quantitative assessment with loghbook
(minimum volume)

No. of procedures: unknown.

Qualitative assessment: mcq

« MCQ

* case-based questionnaires;

* dops (not specific).

Outcome assessment: assessment of outcomes (mortal-
ity, survival, complications, pulmonary function, quality
of life, dyspnea scores) in National and international reg-
isters (e.g. coils).
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