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Abstract
Interventional treatment of emphysema offers a wide range 
of surgical and endoscopic options for patients with ad-
vanced disease. Multidisciplinary collaboration of pulmonol-
ogy, thoracic surgery, and imaging disciplines in patient se-

lection, therapy, and follow-up ensures treatment quality. 
The present joint statement describes the required structur-
al and quality prerequisites of treatment centres. This is a 
translation of the German article “Positionspapier der 
Deutschen Gesellschaft für Pneumologie und Beatmungs-
medizin und der Deutschen Gesellschaft für Thoraxchirurgie 
in Kooperation mit der Deutschen Röntgengesellschaft: 
Strukturvoraussetzungen von Zentren für die interventio-
nelle Emphysemtherapie” Pneumologie. 2020;74:17–23.

© 2021 S. Karger AG, Basel
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Introduction

Chronic obstructive pulmonary disease (COPD) and 
pulmonary emphysema are characterized by irreversible, 
structural damage to the airways and lung parenchyma. 
Accordingly, conservative treatment of the disease has 
limited efficacy. Due to the large unmet clinical need, a 
wide range of interventional treatment options has devel-

oped, which includes bronchoscopic and surgical tech-
niques [1–3]. Treatment success depends on the selection 
of suitable patients and the most suitable interventional 
method in each case using a variety of clinical and radio-
logical criteria on the basis of a diagnostic and therapeutic 
algorithm [4–6].

On December 19, 2019, the Joint Federal Committee 
(“Gemeinsamer Bundesausschuss”), the highest body of 

Table 1. Overview of the structural and quality requirements of a centre for interventional emphysema therapy

1 Respiratory diagnostics – Medical history: symptom load, limitations in exercise capacity, smoking status, comorbidities, anticoagulation, 
and 

alpha-1 antitrypsin status
– Lung function: post-bronchodilator spirometry and body plethysmography, diffusion capacity, and blood gas 
analysis
– 6-min walking distance
– Screening for nocturnal hypercapnia

2 Respiratory therapy – Optimized drug therapy including patient training
– Smoking cessation
– Respiratory physiotherapy
– LOT
– CPAP therapy and NIV
– Personnel requirements: continuous 24-h pneumological specialist care, specialized respiratory physiotherapist, 
or 

respiratory therapist

3 Cardiological diagnostics – Echocardiography
– Access to invasive cardiological diagnostics, especially right-heart catheter

4 Radiology and nuclear 
medicine

– High-resolution spiral CT of the lungs (non-enhanced, slice thickness ≤1.5 mm)
– Quantitative CT analysis: emphysema distribution, volumetry, and fissure status
– Perfusion scintigraphy with SPECT images

5 Multidisciplinary conference – Discussion of all patients planned to undergo a bronchoscopic or surgical intervention
– Participants: pneumologist with expertise in interventional bronchology, radiologist, and thoracic surgeon

6 Interventional pulmonology – Expertise in the following techniques
– Bronchoscopic measurement of collateral ventilation
– Endobronchial valves
– At least 1 team member has performed 25 bronchoscopic interventions for volume reduction
– At least 500 bronchoscopies, of these at least 25 interventions for volume reduction per year
– 24-h stand by for flexible and rigid bronchoscopy and insertion of thoracic drainages

7 Thoracic surgery – VATS technique
– 24-h thoracic surgical stand-by

8 Intensive care and mechanical 
ventilation

– Intensive care unit on-site
– Possibility of invasive ventilation

9 Participation in clinical studies – Participation in current registries and clinical studies
– Provision of appropriate structures (study nurse)

10 Cooperation with a lung 
transplant centre

– Methods of volume reduction as bridging for transplantation
– Timely presentation of patients in the terminal stage at the transplant centre

11 Structured follow-up – At least 1 follow-up visit 1–3 months after the intervention at the centre with assessment of efficacy and 
complications
– Further follow-up in cooperation with resident pneumologists

12 Documentation – Compilation of a SOP considering the individual situation at the centre
– Reports of the treatment decision by the multidisciplinary conference

SOP, stand operating procedure; LOT, long-term oxygen therapy; CT, computed tomography; VATS, video-assisted thoracoscopic surgery; NIV, non-
invasive ventilation.
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joint self-government in the German health system, pub-
lished a guideline on quality assurance for inpatient care 
with procedures for bronchoscopic lung volume reduc-
tion (BLVR). The rules laid down herein also form the 
basis for reimbursement of the bronchoscopic methods 
within the German system.

Requirements for the structural and process quality of 
centres for interventional emphysema therapy will there-
fore be defined more precisely. The professional societies 
involved in this position paper see it as their task to play 
a decisive role in shaping this process and define the fol-
lowing prerequisites that an emphysema centre should 
fulfil in the interdisciplinary cooperation between pul
monology, thoracic surgery, and imaging disciplines (Ta-
ble 1). The statements of this position paper refer to both 
bronchoscopic and surgical methods.

Respiratory Diagnostics

The selection of suitable patients for interventional 
emphysema therapy begins with taking a comprehensive 
history. Particular attention must be paid to the burden 
of symptoms, limitation of exercise capacity and activities 
of daily life, and comorbidities (in particular, cardiovas-
cular disease and need for anticoagulant therapy). Smok-
ing status should be explored (number of pack years, 
smoking cessation, and abstinence time). The non-smok-
ing status of the patient must be demonstrated by deter-
mination of carboxyhemoglobin in the blood gas analysis 
and/or the stable nicotine metabolite cotinine in serum or 
urine. The patient’s alpha-1 antitrypsin status must be re-
corded and, if previously unknown, determined by ap-
propriate laboratory diagnostics.

Next step in the evaluation is the confirmation of se-
vere, non-reversible bronchial obstruction, and pulmo-
nary hyperinflation. This requires comprehensive lung 
function testing, which is standardized according to in-
ternational quality criteria [7], including post-broncho-
dilator spirometry and body plethysmography, measure-
ment of the diffusion capacity for carbon monoxide, cap-
illary or arterial blood gas analysis, and determination of 
the 6-min walking distance.

In addition, the symptom load and quality of life are to 
be recorded with scales and questionnaires. Appropriate 
instruments for this can be the modified Medical Re-
search Council dyspnoea scale (mMRC scale) [8], the 
COPD Assessment Test (CAT) [9], and the Saint-George 
Respiratory Questionnaire (SGRQ) [10].

In case of clinical suspicion of a sleep-related respira-
tory disorder or chronic ventilatory failure, appropriate 
screening methods should be used to determine whether 
there is an indication for CPAP therapy or non-invasive 
ventilation (NIV). In this context, the centre should have 
the possibility of cardiorespiratory polygraphy and trans-
cutaneous CO2 measurement.

Before a definitive intervention, appropriate patients 
should undergo flexible bronchoscopy in local anaesthe-
sia with the question of the extent of secretion, germ col-
onization, endobronchial early carcinomas, and findings 
that may render the intervention more difficult, such as 
instability of the central airways (“excessive dynamic air-
way collapse”). If indicated, a catheter-based measure-
ment of collateral ventilation (Chartis© measurement) 
can already be performed in this examination [11–13].

Respiratory Therapy

The centre must have extensive expertise in the con-
servative treatment of COPD in accordance with nation-
al and international guidelines [14]. This comprises the 
optimization of drug therapy including patient training, 
support in smoking cessation, specialized respiratory 
physiotherapy, establishing an exercise program (to sup-
port this, in Germany in some regions specialized lung 
sports groups are available), and, if indicated, the possi-
bility to initiate and follow up long-term oxygen therapy, 
CPAP therapy, or NIV in cooperation with a sleep labora-
tory or a unit for mechanical ventilation.

For this, the following personnel requirements must 
be fulfilled: the medical team of the centre must guarantee 
a continuous 24-h respiratory-specialist care by board-
certified pulmonologists, which can, if necessary, also be 
provided by means of a call service. It must have at least 
1 specialized respiratory physiotherapist or respiratory 
therapist. One member of the team should have a quali-
fication for structured smoking cessation (the German 
Medical Association for instance offers a curriculum on 
“medically accompanied tobacco cessation”).

Cardiological Diagnostics

For the differential diagnosis of dyspnoea and for the 
assessment of individual risk, the centre must have access 
to cardiological diagnostics, possibly via external coop-
eration. Echocardiography and determination of NT-
pro-BNP represent the basis. In the case of significantly 
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increased right cardiac pressure, a right-heart catheter ex-
amination should be available. If indicated, there should 
be access to further invasive cardiological diagnostics.

Radiology and Nuclear Medicine

Once the clinical and functional suitability of a patient 
for interventional emphysema therapy has been estab-
lished, imaging diagnostics are required. The basis for 
emphysema analysis from image data is the acquisition of 
a complete spiral computed tomography (CT) of the tho-
rax in maximum inspiration. The following quality re-
quirements must be observed: a multi-slice CT scanner 
(at least 16 rows) must be used with the fastest possible 
tube rotation and a pitch factor of up to 2 in order to keep 
the breath-hold as short as possible for the frequently dys-
pnoeic COPD patients. The examination must be carried 
out in non-enhanced technique as the administration of 
contrast material increases physical lung density and im-
pairs computer-assisted emphysema quantification [15]. 
A volumetric dataset with a slice thickness ≤1.5 mm and 
overlapping slices must be acquired. In patients with 
COPD 3–4, the same series can be repeated in expiratory 
breath-hold in order to provide evidence of tracheobron-
chial collapse and the so-called “air trapping.” Multipla-
nar reformat and maximal/minimal intensity projections 
should be available for visual image analysis. For visual 
and quantitative analysis, both edge-enhanced and soft 
reconstructions are to be made. Dose-saving techniques 
like iterative reconstructions [16] can be used. However, 
ultra-low-dose examinations are usually unsuitable due 
to the unfavourable image noise in the low-contrast range 
of emphysema.

The CT scan must be visually assessed by an experi-
enced thoracic radiologist. However, since visual analysis 
is user-dependent and error-prone, particularly when 
there are small regional differences in emphysema distri-
bution [17, 18], it must be supplemented by a computer-
assisted quantitative analysis [19–21]. This can be done 
directly at the centre, but due to the complexity of the 
required software [22] and expertise, it can also be carried 
out by external cooperation partners.

The quantitative analysis should comprise detection of 
the lung volume and percentage of emphysema (i.e., the 
proportion of all voxels with a CT density below a defined 
threshold, e.g., −950 HU) for each lobe and an assessment 
of the completeness of the interlobar fissures. In the vi-
sual analysis, attention should also be paid to other rele-
vant findings, such as pneumonia, effusion, previous sur-

gery, nodules suspicious of malignancy, relevant bronchi-
ectasis, signs of interstitial lung disease or pulmonary 
hypertension, and pleural thickening and pronounced 
post-inflammatory scaring. If the CT demonstrates suspi-
cious nodules, further diagnostic work-up according to 
current guidelines must be carried out prior to interven-
tional emphysema therapy. If CT follow-up is selected for 
this purpose, the currently valid recommendations of the 
Fleischner-Society [23] can be applied.

CT assessment of emphysema morphology is to be 
supplemented by an imaging method that allows an as-
sessment of regional perfusion in the target region of the 
intervention. Normally, perfusion scintigraphy with 
technetium-labelled albumin particles (Tc-99m-MAA) is 
used [24–26]. Both planar and SPECT images should be 
available for visual analysis. Hybrid techniques such as 
SPECT-CT are desirable, if available, due to superior spa-
tial resolution. Alternatively, time-resolved contrast-en-
hanced MRI sequences (“4D-MRA”) or contrast-en-
hanced perfusion CT can be used for perfusion assess-
ment.

Multidisciplinary Conference (“Emphysema Board”)

For all patients undergoing an interventional emphy-
sema therapy at the centre, a documented therapy deci-
sion from an interdisciplinary case conference must be 
available. This requirement applies equally to patients 
undergoing both endoscopic and surgical interventions. 
At least 1 pulmonologist with expertise in interventional 
bronchology, a radiologist, and a thoracic surgeon must 
attend the conference.

In addition, there are optional cooperation partners, 
which can be called upon as required. These include in-
tensive care physicians, nuclear medicine specialists, in-
fectiologists, rehabilitation physicians, transplantation 
physicians, respiratory therapists, physiotherapists, lung 
sports group trainers, and psychologists.

Interventional Pulmonology

Interventional pulmonology at the centre must have 
practical expertise in all common and approved BLVR 
procedures. These include, in particular, the broncho-
scopic measurement of collateral ventilation with the 
Chartis© system (Pulmonx, Redwood, CA, USA) and 
the implantation of endobronchial valves. Other tech-
niques (e.g., lung volume reduction coils and broncho-
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scopic thermal vapour ablation/BTVA) should be 
known.

At least 1 member of the interventional pulmonology 
team’s medical staff must have performed a minimum of 
25 procedures in the field of the BLVR (also possible via 
an internship). The centre should perform at least 500 
bronchoscopies per year, of which at least 25 should be 
interventions for emphysema therapy. In the bronchos-
copy unit, there must be direct PACS access to the pa-
tient’s imaging, and the examiner must have access to it 
during the procedure. The centre must maintain a con-
tinuous 24-h standby for flexible and rigid bronchoscopy 
as well as for the insertion of thoracic drainages. For ef-
fective pneumothorax management, the centre should 
have digital thoracic drainage systems available.

Thoracic Surgery

Thoracic surgery is becoming increasingly important 
in interventional emphysema therapy as the limits of en-
doscopic methods are being better defined and the com-
plication rate has been significantly reduced in experi-
enced centres due to less invasive surgical approaches and 
improved stapling devices as compared to the surgical 
techniques used in the NETT trial [27] published in 2003 
[28–30]. Cases with heterogeneous emphysema not in-
volving an entire lobe, the presence of very large bullae, a 
paraseptally accentuated empyhsema or suspicious nod-
ules in the target region, are a domain for surgical thera-
py.

The surgical intervention is performed preferably us-
ing minimally invasive video-assisted thoracoscopic sur-
gery and, if necessary, an open thoracotomy approach 
may be utilized. The preferred surgical measure is “lung 
shaving” by atypical, peripheral lung resections using en-
doscopic stapling devices, with staple line reinforcement 
where appropriate. If necessary, also anatomical pulmo-
nary resection (segmental resection or lobectomy) can be 
performed. Thoracic surgery also plays an important role 
in complication management, especially of pneumotho-
rax, if it cannot be controlled by drainage therapy alone. 
Thoracic surgery must be capable of maintaining a con-
tinuous 24-h thoracic surgical standby. In order to ensure 
this, at least 2 board-certified thoracic surgeons should be 
employed full-time at the centre. The centre may cooper-
ate with an external department of thoracic surgery if the 
on-site pulmonology is experienced in the emergency 
management of pneumothorax, in particular, the inser-
tion of thoracic drainages.

Intensive Care and Mechanical Ventilation

The centre must have a unit for intensive care and 
mechanical ventilation on site. Pre-interventionally, 
this department has the task of initiating NIV in the 
event of chronic ventilatory failure in accordance with 
current guidelines [31]. Post-interventionally, inten-
sive monitoring and interdisciplinary management of 
complications must be possible, if necessary. Due to 
the potentially severe respiratory failure of emphysema 
patients, in addition to the possibility of invasive ven-
tilation, there should also be access to methods of ex-
tracorporeal oxygenation and CO2 elimination 
(ECMO). The latter can also be realized via external 
cooperation.

Participation in Clinical Studies

Interventional emphysema therapy is an evolving 
clinical field. On the one hand, the evidence base of the 
already approved methods needs to be expanded. On 
the other hand, some methods are currently only avail-
able in the context of clinical studies. These include, for 
example, BTVA [32], volume reduction by instillation 
of polymer foam [33], and targeted lung denervation 
[34].

The centre should therefore strive to participate in on-
going clinical studies. Patients should also be treated as 
far as possible in studies and registries when already ap-
proved methods are applied. For this purpose, the centre 
should provide appropriate structures, and staff trained 
in the conduct of clinical studies (study coordinator and 
study nurse) should be available.

Cooperation with a Lung Transplant Centre

The methods of interventional emphysema therapy 
are used at an advanced stage of the disease with limited 
treatment options. On the one hand, the methods can be 
used as a bridging to transplant [35, 36]. On the other 
hand, in terminal stages of the disease, the right time 
point for referral to a transplant centre must not be 
missed. The Emphysema centre should therefore cooper-
ate with a lung transplant centre. The exchange of pa-
tients can take place in both directions.
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Structured Follow-Up

The effective follow-up of interventional patients re-
quires the special expertise of the multidisciplinary team 
at the centre. This must therefore offer and ensure struc-
tured follow-up care in close cooperation with the resi-
dent pneumologists. In the context of clinical studies, fol-
low-up is specified by the study protocol. Outside of clin-
ical trials, at least 1 follow-up visit must take place 1–3 
months after the intervention at the centre. This visit is 
intended to identify and treat complications and to assess 
the effectiveness of the interventional measures carried 
out using suitable radiological methods, lung function 
tests, blood gas analysis, determination of the 6-min walk 
distance, recording the symptom load and quality of life 
with questionnaires, and, if necessary, flexible bronchos-
copy.

Further regular follow-up checks are necessary at least 
once a year. If these cannot be carried out at the centre 
itself, further care can be handed over to the resident 
pneumologist in case of an uncomplicated course and 
treatment efficacy in the expected range. Otherwise, the 
centre has to search for causes and optimize intervention-
al therapy as far as possible or switch to alternative treat-
ment options. These patients are to be reintroduced to the 
interdisciplinary case conference.

Documentation

The centre must compile a standard operating proce-
dure for the evaluation, treatment, and follow-up of pa-
tients, which takes into account the individual situation 
at the centre. The protocols of the interdisciplinary case 
conference (“emphysema board”) must contain a com-
prehensible documentation of the treatment decision. It 
is suggested that the centre should document all patients 
in an own database and/or include its own data in region-

al and supra-regional registries, as far as these are avail-
able. The participating medical societies support and pro-
mote the establishment of such registries.
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