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Abstract 

Background Currently, there is conflicting information and guidance on the effective management of Alpha 1 Antit-
rypsin Deficiency (AATD). Establishing a consensus of assessment and disease management specific to AATD is impor-
tant for achieving a standardized treatment pathway and for improving patient outcomes. Here, we aim to utilize 
the Delphi method to establish a European consensus for the assessment and management of patients with severe 
AATD.

Methods Two rounds of a Delphi survey were completed online by members of the European Alpha-1 Research 
Collaboration (EARCO). Respondents were asked to indicate their agreement with proposed statements for patients 
with no respiratory symptoms, stable respiratory disease, and worsening respiratory disease using a Likert scale of 1–7. 
Levels of agreement between respondents were calculated using a weighted average.

Results Round 1 of the Delphi survey was sent to 103 members of EARCO and 38/103 (36.9%) pulmonologists 
from across 15 countries completed all 109 questions. Round 2 was sent to all who completed Round 1 and 36/38 
(94.7%) completed all 79 questions. Responses regarding spirometry, body plethysmography, high-resolution com-
puted tomography, and the initiation of augmentation therapy showed little variability among physicians, but there 
was discordance among other aspects, such as the use of low-dose computed tomography in both a research setting 
and routine clinical care.

Conclusions These results provide expert opinions for the assessment and monitoring of patients with severe AATD, 
which could be used to provide updated recommendations and standardized treatment pathways for patients 
across Europe.
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Introduction
Alpha 1 Antitrypsin Deficiency (AATD) is a rare genetic 
disorder characterized by the production of defec-
tive Alpha 1 Antitrypsin (AAT) protein or the absence 
of AAT production, caused by variations in the SER-
PINA1 gene [1]. AATD is associated with many differ-
ent genotypes [2]; the Pi*ZZ and Pi*SZ genotypes affect 
approximately 1.5 million people worldwide [3–5] and 
it is estimated that 120,000  people in Europe have the 
Pi*ZZ genotype [6], which is associated with low levels 
of AAT and in which augmentation therapy (treatment 
with plasma-derived AAT) may be indicated. Further-
more, around 1/800 patients with chronic obstructive 
pulmonary disease (COPD) in Europe are also affected by 
AATD [6, 7]. However, severe AATD is a largely under-
diagnosed condition with approximately only 15–30% of 
cases diagnosed in European countries [8].

There are multiple complications and comorbidities 
associated with AATD that places a significant clinical 
burden on patients. These include COPD, emphysema, 
and bronchiectasis, as well as liver complications such 
as fibrosis and steatosis [9]. Patients with AATD often 
experience a poor quality of life (QoL), while caregivers 
experience stress, anxiety, and loss of personal time [9]. 
In addition to this, AATD is associated with high medical 
costs and healthcare resource utilization, notably when 
augmentation therapy is prescribed [9]. This form of 
therapy with purified AAT is the only specific treatment 
for AATD and aims to increase patient survival, control 
symptoms, and prevent the progression of AATD-associ-
ated emphysema [10, 11].

Effective management of severe AATD is crucial to 
reduce the burden placed on patients, caregivers, and 
hospital resources. As clinicians rarely encounter patients 
with AATD, physicians treating these patients rely heav-
ily on published guidelines on how to assess, monitor, 
and treat patients. Multiple guidelines have been pub-
lished on AATD and are derived from COPD manage-
ment recommendations, thus there is no guidance on 
the assessment and follow up of severe AATD-specific 
respiratory disease. Additionally, there is substantial vari-
ation in recommendations regarding how to manage rou-
tine clinical issues [12]. Conflicting information on how 
to manage AATD arises partly from the low prevalence 
and paucity of specific clinical trials, in addition to differ-
ences in regional prevalence, availability of augmentation 
therapy, and insurance environments [8, 12]. Establishing 
a consensus of assessment and management guidelines 
specific to severe AATD is, therefore, essential to achieve 
standardized treatment pathways to improve patient out-
comes and reduce disease burden. We particularly focus 
on the severe end of the AATD spectrum (i.e., patients 
with Pi*ZZ, Pi*ZNull, and Pi*NullNull genotypes) as 

these patients are the most compromised and have spe-
cific treatment options available to them, such as aug-
mentation therapy. Those with intermediate forms of 
AATD, such as those with the Pi*MZ, Pi*SZ, and Pi*SS 
genotypes, have a different set of challenges, including 
a lack of data that justifies this treatment (since these 
patients are explicitly excluded from randomized con-
trolled trials); however, the diagnosis pathway for these 
patients is clear and is outlined in the most recent set of 
European guidelines [1]. For those with severe AATD, 
establishing a set of consensus guidelines specific to these 
patients is one of several missions of the European Refer-
ence Network for respiratory diseases (ERN-LUNG)—a 
network of European healthcare providers dedicated to 
ensuring and promoting excellence in care and research 
for the benefit of patients affected by rare respiratory 
diseases.

The European Alpha-1 Research Collaboration 
(EARCO) is a pan-European network committed to pro-
moting clinical research and education in AATD [13, 
14]. EARCO is an initiative of the European Respiratory 
Society (ERS) and was established to promote research, 
clinical care, and awareness of AATD in Europe. The core 
project of EARCO is the International AATD Registry, 
which is a collaboration open to all investigators from 
around the world caring for patients with AATD. The 
International AATD Registry was established in response 
to the unmet need for a global registry, more information 
regarding AATD comorbidities, the natural history of the 
disease, and risk factors for disease progression and poor 
prognosis of lung disease [13, 14].

In this current study, we utilized the experience of 
EARCO members to help build a European consensus for 
managing patients with severe AATD via a Delphi study. 
The Delphi method is a validated tool for developing a 
consensus of expert opinion where there is too little, too 
much, or conflicting information, and it can be adapted 
to suit specific situations [15]. Here, the Delphi method 
was used to build a consensus for the optimal assess-
ment, monitoring, and management of patients with 
severe AATD, leveraging its effectiveness in addressing 
complexity and uncertainty present in the field compared 
to other decision-making techniques [16].

Materials and methods
Members of EARCO were invited to participate in this 
Delphi study based on their expertise and experience in 
treating patients with AATD. The Delphi survey was con-
ducted online, and respondents were asked to consider 
the initial assessment and routine follow-up/manage-
ment of adults diagnosed with AATD and lung disease 
for those with:
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A) No respiratory symptoms and stable lung function 
with normal age-related deterioration in spirometry 
over time (< 50 mL/year decline in forced expiratory 
volume in 1 s  [FEV1])

B) Stable respiratory disease, with < 50  mL/year  FEV1 
decline and at least one of: mild-to-moderate dysp-
noea, or, 1–2 exacerbations/year requiring oral corti-
costeroids and/or antibiotics (not requiring hospitali-
zation)

C) Worsening respiratory disease, with one or more of: 
moderate-to-severe dyspnoea, 1–2 exacerbations/
year requiring hospitalization, or a  FEV1 decline 
of ≥ 50 mL/year

Respondents were asked to indicate how much they 
agreed with proposed statements using a Likert scale 
of 1–7 (where 1 was strongly disagree; 7 was strongly 
agree). Round 1 was sent to EARCO members via 
email in February 2022 and consisted of 109 questions 
on the following topics: spirometry, body plethysmog-
raphy (body box), diffusion capacity, arterial blood 
gases, fractional exhaled nitric oxide (FeNO), oxygen 
saturation, high-resolution computed tomography 
(HRCT), low-dose computed tomography (LDCT), 
chest x-ray, QoL assessment, 6-min walking distance 
(6MWD), Medical Research Council (MRC) dyspnoea 
score, cardiopulmonary exercise test, exacerbation 
diary cards, liver tests, other monitoring/interventions 
and smoking status, and initiation of augmentation 
therapy. Responses were calculated using a weighted 
average to determine the level of agreement between 
respondents for each statement.

Weighted averages were calculated by multiplying 
each response option (1–7) for a given statement by its 
frequency (the number of times it was chosen), sum-
ming these products, and then dividing this sum by the 
total number of responses provided. Weighted average 
thresholds for the levels of agreement were as follows: 
consensus in negative (≤ 2); agreement in negative 
(≤ 3); no consensus or agreement (3.1–4.9); agreement 
(≥ 5); consensus (≥ 6). For questions where no posi-
tive consensus was reached in Round 1, questions were 
asked again in Round 2 with the omission of answer 
choices that reached consensus in negative in Round 
1. Round 2 of the survey consisted of 79 questions and 
was sent to all individuals who fully completed Round 
1 in November 2022. For questions where no positive 
consensus was reached in Round 2, results are pre-
sented from either Round 1 or Round 2, depending on 
which showed the least variability.

Institutional review board approval was not 
applicable.

Results
Round 1 of the Delphi survey was sent to 103 mem-
bers of EARCO and 38/103 (36.9%) pulmonologists 
from across 15 countries completed all 109 questions 
(Fig. 1). Round 2 was sent to all who completed Round 
1 and 36/38 (94.7%) completed all 79 questions. The 
questions and responses of Round 1 and 2 of the sur-
vey are shown in Additional file 1 and Additional file 2, 
respectively. Tables S1–S3 include details of areas that 
exhibited trends toward agreement, but for which no 
conclusions could be drawn.

Patients with no respiratory symptoms
Consensus and agreement levels achieved for patients 
with no respiratory symptoms are outlined in Table  1. 
For spirometry, consensus was reached for the fre-
quency of assessment as well as the recording of  FEV1, 
forced vital capacity (FVC), and  FEV1/FVC, whilst the 
recording of other parameters and the measurement 
of spirometry pre-/post-bronchodilator (BD) reached 
agreement. Consensus was also reached for the use of 
body plethysmography to record total lung capacity 
(TLC), residual volume (RV), and RV/TLC, whilst the 
recording of airway resistance (Raw), specific airway 
resistance (sRaw), functional residual capacity (FRC), 
and FRC/TLC, as well as the frequency of body plethys-
mography assessment, reached agreement. There was 
no consensus or agreement on whether body plethys-
mography should be assessed pre-/post-BD (Table S1).

Consensus was obtained on the frequency of diffusion 
capacity and there was agreement for the utilization of 
HRCT (Table  1). However, there was no consensus or 
agreement for the frequency of LDCT and 6MWD, and 
responses were highly variable for these categories in 
comparison to others. For LDCT, there was no consen-
sus or agreement on the frequency for which to assess 
lung densitometry in patients with no respiratory 
symptoms, in a research setting, or as part of routine 
clinical care (Fig. S1A). For 6MWD, there was no con-
sensus or agreement on whether this assessment was 
applicable for patients with no respiratory symptoms; 
however, there was agreement that the 6MWD was not 
necessary to assess suitability for augmentation ther-
apy or to assess the response of this therapy (Fig. S2A). 
Regarding 6MWD assessment frequency, there was no 
consensus or agreement (Table S1).

Results regarding arterial blood gasses, FeNO, oxygen 
saturation, chest x-ray, QoL assessment, MRC dysp-
noea score, cardiopulmonary exercise test, exacerba-
tion diary cards, and vaccinations for patients with no 
respiratory symptoms are shown in Table S1.
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Patients with stable respiratory disease
Table  2 outlines the consensus and agreement levels 
achieved for patients with stable respiratory disease. 
Consensus was achieved for the spirometric recording of 
 FEV1, FVC, and  FEV1/FVC, whilst the recording of other 
spirometry parameters reached agreement, as did the 
spirometry assessment frequency and the measurement 
of spirometry in relation to BD. For body plethysmogra-
phy, there was consensus for the recording of TLC, RV, 
and RV/TLC, and agreement for the recording of other 
parameters, as well as body plethysmography assess-
ment frequency. However, as for patients with no respira-
tory disease, the assessment of body plethysmography 
pre-/post-BD did not reach consensus or agreement 
(Table S2).

Consensus was also achieved for the annual assess-
ment of diffusion capacity and for the use of HRCT in 
patients with stable respiratory disease (Table 2). Again, 
responses were highly variable for questions regarding 
LDCT and the 6MWD assessment. There was agreement 
that LDCT scans were applicable for patients with stable 
respiratory disease, but no consensus or agreement was 
reached on how frequently they should be used to assess 

lung densitometry in a research setting, or as part of rou-
tine clinical care (Fig. S1B). There was agreement that the 
6MWD was applicable for patients with stable respira-
tory disease, but no consensus or agreement on whether 
it should be used to assess suitability for augmentation 
therapy or to assess the response to this therapy (Fig. S2B 
and Table S2).

Regarding the initiation of augmentation therapy in 
patients with stable respiratory disease, there was con-
sensus that it should be carefully evaluated to ensure 
AATD-related lung disease is present and that AAT lev-
els should be measured prior to commencing the therapy 
(Table 2). It was agreed that prior to initiating augmen-
tation therapy, patients should abstain from smoking 
for > 6 months, that the therapy should only be initiated 
when AAT levels are < 11 µM, and that the patient’s age 
should be considered prior to initiating. There was also 
agreement that augmentation therapy should only be 
initiated after emphysema is confirmed by computed 
tomography (CT) and that the patient’s deterioration in 
 FEV1 should determine whether to initiate the therapy. 
Extended interval dosing was agreed as an acceptable 
augmentation therapy strategy and there was agreement 

Fig. 1 Distribution of survey respondents. *Two of the 38 respondents who completed Round 1 did not complete Round 2 (1 respondent retired 
and 1 was on sabbatical)
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that when monitoring AAT levels, they should be moni-
tored after a change of therapy dose or interval and 
recorded at trough level (Table 2).

Results regarding arterial blood gasses, FeNO, oxygen 
saturation, chest x-ray, QoL assessment, MRC dyspnoea 
score, cardiopulmonary exercise test, exacerbation diary 
cards, and vaccinations for patients with stable respira-
tory disease are shown in Table S2.

Patients with worsening respiratory disease
Statements that achieved consensus or agreement for 
patients with worsening respiratory disease are shown 
in Table  3. Consensus was achieved for recording the 
following spirometric parameters:  FEV1, FVC, and 
 FEV1/FVC, and for the following body plethysmogra-
phy parameters: TLC, RV, and RV/TLC. For spirometry, 
there was also agreement for assessment frequency and 
whether assessment should be pre-/post-BD. For body 
plethysmography, there was no consensus or agreement 
for assessment frequency or assessment in relation to BD 
and no consensus or agreement for diffusion capacity 
(Table S3).

For HRCT, consensus was achieved for utilization in 
patients with worsening respiratory disease (Table  3). 
As for patients with no respiratory symptoms and those 
with stable disease, responses were highly variable for 
questions regarding LDCT and the 6MWD assessment 
compared to other categories for patients with worsen-
ing respiratory disease. For LDCT, there was consen-
sus that these scans were applicable, but no consensus 
or agreement on how frequently they should be used to 
assess densitometry in a research setting, or as part of 
routine clinical care (Fig. S1C). For 6MWD, there was 
also consensus that the assessment was applicable, but 
no consensus or agreement on whether it should be used 
to assess suitability for treatment or to assess treatment 
response (Fig. S2C).

Regarding the initiation of augmentation therapy in 
patients with worsening respiratory disease, only one 
statement reached consensus; AAT levels should be 
measured before commencement (Table 3). Respondents 
agreed on all other statements on the initiation of aug-
mentation therapy. Regarding the use of this therapy in 
patients who have had a successful lung transplant, there 
was agreement in negative for augmentation therapy in 

Table 1 Results for patients with no respiratory symptoms

Weighted average score 0.0–2.0: consensus in negative; 2.1–3.0: agreement in negative; 3.1–4.9: no consensus or agreement; 5.0–5.9: agreement; ≥ 6.0: consensus

BD bronchodilator, FEF forced expiratory flow, FEV1 forced expiratory volume in 1 s, FRC functional residual capacity, FVC forced vital capacity, HRCT  high-resolution 
computed tomography, MEF maximum expiratory flow, n/a not applicable, Raw airway resistance, RV residual volume, sRaw specific airway resistance, TLC total lung 
capacity, VC vital capacity

Category Statement Agreement level Weighted 
average

Spirometry ● Spirometry should be assessed annually Consensus 6.2

● Spirometry should be measured pre- and post-BD at baseline with all 
subsequent measurements post-BD

Agreement 5.3

● The following spirometric parameters should be recorded:

○  FEV1 Consensus 6.9

○ FVC Consensus 6.9

○  FEV1/FVC Consensus 6.7

○  FEF25—FEF50—FEF75 as % of exhaled FVC Agreement 5.0

○  MEF75—MEF50—MEF25 as % of remaining VC Agreement 5.0

Body plethysmography (body box) ● Body box should be assessed annually Agreement 5.1

● The following body box parameters should be recorded:

○ TLC Consensus 6.7

○ RV Consensus 6.7

○ RV/TLC Consensus 6.6

○ Raw Agreement 5.3

○ sRaw Agreement 5.1

○ FRC Agreement 5.8

○ FRC/TLC Agreement 5.7

Diffusion capacity ● Diffusion capacity should be assessed annually Consensus 6.0

HRCT ● HRCT should be used at baseline and if respiratory symptoms manifest Agreement 5.0

Initiation of augmentation therapy n/a
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this instance, i.e., there was agreement that the therapy 
should not be initiated in patients who have had a suc-
cessful lung transplant (Table 3).

Results regarding arterial blood gasses, FeNO, oxygen 
saturation, chest x-ray, QoL assessment, MRC dyspnoea 
score, cardiopulmonary exercise test, exacerbation diary 

Table 2 Results for patients with stable respiratory disease

Weighted average score 0.0–2.0: consensus in negative; 2.1–3.0: agreement in negative; 3.1–4.9: no consensus or agreement; 5.0–5.9: agreement; ≥ 6.0: consensus

AAT  Alpha 1 Antitrypsin, AATD Alpha 1 Antitrypsin Deficiency, BD bronchodilator, CT computed tomography, FEF forced expiratory flow, FEV1 forced expiratory volume 
in 1 s, FRC functional residual capacity, FVC forced vital capacity, HRCT  high-resolution computed tomography, IC inspiratory capacity, MEF maximum expiratory 
flow, Raw airway resistance, RV residual volume, sRaw specific airway resistance, TLC total lung capacity, VC vital capacity, VCin inspiratory vital capacity, VCmax largest 
measured vital capacity

Category Statement Agreement level Weighted 
average

Spirometry ● Spirometry should be assessed annually Agreement 5.3

● Spirometry should be measured pre- and post-BD at baseline with all subse-
quent measurements post-BD

Agreement 5.9

● The following spirometric parameters should be recorded:

○  FEV1 Consensus 7.0

○ FVC Consensus 6.9

○  FEV1/FVC Consensus 6.7

○  FEF25—FEF50—FEF75 as % of exhaled FVC Agreement 5.1

○  MEF75—MEF50—MEF25 as % of remaining VC Agreement 5.2

○  VCin Agreement 5.1

○  VCmax Agreement 5.5

○ IC Agreement 5.1

Body plethysmography (body box) ● Body box should be assessed annually Agreement 5.6

● The following body box parameters should be recorded:

○ TLC Consensus 6.9

○ RV Consensus 6.9

○ RV/TLC Consensus 6.8

○ Raw Agreement 5.4

○ sRaw Agreement 5.1

○ FRC Agreement 5.9

○ FRC/TLC Agreement 5.8

Diffusion capacity ● Diffusion capacity should be assessed annually Consensus 6.0

HRCT ● HRCT should be used at baseline and if there are clinical signs of change 
in disease dynamics

Consensus 6.0

Initiation of augmentation therapy ● Before commencing augmentation therapy, patients should abstain 
from smoking for > 6 months

Agreement 5.9

● AAT levels should be measured before commencement of augmentation 
therapy

Consensus 6.5

● Augmentation therapy should only be initiated where AAT levels are < 11 µM Agreement 5.3

● The age of the patient should be considered prior to initiating augmentation 
therapy

Agreement 5.2

● Augmentation therapy should only be initiated after emphysema is confirmed 
by CT scanning

Agreement 5.1

● The patient’s deterioration in  FEV1 should determine whether to initiate aug-
mentation therapy

Agreement 5.5

● Initiation of augmentation therapy must be carefully evaluated to ensure 
that AATD-related lung disease is present

Consensus 6.3

● Extended interval dosing (e.g., biweekly) is an acceptable treatment strategy Agreement 5.0

● After initiation of augmentation therapy, AAT levels should be monitored 
after a change of therapy dose or interval

Agreement 5.3

● When monitoring AAT levels, levels should be recorded at trough level Agreement 5.7
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Table 3 Results for patients with worsening respiratory disease

Weighted average score 0.0–2.0: consensus in negative; 2.1–3.0: agreement in negative; 3.1–4.9: no consensus or agreement; 5.0–5.9: agreement; ≥ 6.0: consensus

AAT  Alpha 1 Antitrypsin, BD bronchodilator, CT computed tomography, FEF forced expiratory flow, FEV1 forced expiratory volume in 1 s, FRC functional residual 
capacity, FVC forced vital capacity, HRCT  high-resolution computed tomography, IC inspiratory capacity, MEF maximum expiratory flow, Raw airway resistance, RV 
residual volume, sRaw specific airway resistance, TLC total lung capacity, VC vital capacity, VCin inspiratory vital capacity, VCmax largest measured vital capacity

Category Statement Agreement level Weighted 
average

Spirometry ● No interval can be recommended for assessing spirometry as this 
depends on the deterioration pattern of each individual patient

Agreement 5.1

● Spirometry should be measured pre- and post-BD at baseline with all 
subsequent measurements post-BD

Agreement 5.4

● The following spirometric parameters should be recorded:

○  FEV1 Consensus 7.0

○ FVC Consensus 7.0

○  FEV1/FVC Consensus 6.8

○  FEF25—FEF50—FEF75 as % of exhaled FVC Agreement 5.4

○  MEF75—MEF50—MEF25 as % of remaining VC Agreement 5.2

○  VCin Agreement 5.4

○  VCmax Agreement 5.6

○ IC Agreement 5.4

Body plethysmography (body box) ● The following body box parameters should be recorded:

○ TLC Consensus 6.8

○ RV Consensus 6.8

○ RV/TLC Consensus 6.8

○ Raw Agreement 5.3

○ sRaw Agreement 5.0

○ FRC Agreement 5.9

○ FRC/TLC Agreement 5.9

HRCT ● HRCT should be used at baseline and if there are clinical signs of change 
in disease dynamics

Consensus 6.4

Initiation of augmentation therapy ● Before commencing augmentation therapy, patients should abstain 
from smoking for > 6 months

Agreement 5.8

● AAT levels should be measured before commencement of augmentation 
therapy

Consensus 6.6

● Augmentation therapy should only be initiated where AAT levels 
are < 11 µM

Agreement 5.8

● The age of the patient should be considered prior to initiating augmenta-
tion therapy

Agreement 5.1

● Augmentation therapy should only be initiated after emphysema is con-
firmed on CT scan

Agreement 5.1

● The patient’s deterioration in  FEV1 should determine whether to initiate 
augmentation therapy

Agreement 5.1

● Extended interval dosing (e.g., biweekly) is an acceptable treatment 
strategy

Agreement 5.3

● Augmentation therapy should be initiated in patients who have had 
a successful lung transplant

Agreement in negative 2.9

● After initiation of augmentation therapy, AAT levels should be monitored 
after a change of therapy dose or interval

Agreement 5.6

● After initiation of augmentation therapy, AAT levels should be monitored 
after a significant change in body weight

Agreement 5.4

● When monitoring AAT levels, levels should be recorded at trough level Agreement 5.4
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cards, and vaccinations for patients with worsening res-
piratory disease are shown in Table S3.

All patients with AATD
Table  4 outlines statements that reached consensus or 
agreement for all patients with AATD. There was agree-
ment regarding liver function tests and that patients 
should be referred to a liver specialist following a diag-
nosis of AATD (Table  4), but there was no consensus 
or agreement on when patients should undergo liver 
elastography tests. Consensus was reached that patients 
with AATD should be asked about the use of antibiotics 
or corticosteroids, the occurrence of pneumonia, emer-
gency room visits, changes in smoking status, and expo-
sure to tobacco smoke or other environmental factors. 
There was also agreement that the Global Initiative for 
Chronic Obstructive Lung Disease strategy should be fol-
lowed in all patients with AATD and lung disease.

Most survey respondents believed that body plethys-
mography should be prioritized for patients in whom 
the results will change the course of treatment (25/33; 
75.8%; Fig. S3A) and that it should be performed to aid 
in the determination of clinical phenotype or the risk of 
disease progression (31/33; 93.9%; Fig. S3B). However, 
it was noted that body plethysmography may not always 
be feasible in some countries due to service limitations 
(Table S4).

Survey respondents also noted other important pieces 
of information, including that spirometry is essential 
to evaluate the natural history of the disease in patients 
with AATD and that appropriate liver disease screen-
ing tests should be performed regularly for patients with 

polymerizing AAT variants (Table  S4). Furthermore, it 
was noted that aside from arterial puncture and the ear 
lobe technique, arterial blood gases can also be measured 
by pulse oximetry and that oxygen saturations should 
be assessed at every consultation. Before the initiation 
of augmentation therapy, patients must be genotyped, 
there must be clear evidence of a decline in health status, 
baseline AAT levels must be < 11 µM, and augmentation 
therapy should not be implemented in patients with sta-
ble disease. All patients with AATD should stop smok-
ing regardless of disease severity and smoking cessation 
should be regularly confirmed, as smoking is a signal to 
stop augmentation therapy (Table S4).

Discussion
Discordance currently exists among published guidelines 
for the assessment and management of patients with 
severe AATD [12]. Many published guidelines contain 
country-specific recommendations and have been devel-
oped through literature reviews or expert panels [12]; 
to our knowledge, this is the first study that attempts to 
establish a consensus for the treatment and monitoring 
of patients with AATD using Delphi consensus meth-
odology. Here, we provide current expert opinion on 
the assessment and monitoring of patients with severe 
AATD and break these down for those with stable dis-
ease and those with worsening disease. Despite the lack 
of uniformity in AATD assessment and discrepancies in 
physician opinion, consensus has been achieved in sev-
eral aspects of the clinical assessment of AATD, such as 
spirometry, body plethysmography, HRCT, and the ini-
tiation of augmentation therapy. Furthermore, there were 

Table 4 Results for all patients with AATD

Weighted average score 0.0–2.0: consensus in negative; 2.1–3.0: agreement in negative; 3.1–4.9: no consensus or agreement; 5.0–5.9: agreement; ≥ 6.0: consensus

AATD Alpha 1 Antitrypsin Deficiency, COPD chronic obstructive pulmonary disease, GOLD Global Initiative for Chronic Obstructive Lung Disease, ICS inhaled 
corticosteroids, LABA long-acting beta-agonist, LAMA long-acting muscarinic antagonist

Category Statement Agreement level Weighted 
average

Liver tests ● All patients with AATD should undergo liver functions tests annually Agreement 5.8

● All patients should be referred to a liver specialist following a diagnosis of AATD Agreement 5.0

Other monitoring methods, 
interventions, and smoking 
status

● All patients with AATD should be asked about:

○ Antibiotics and/or systemic corticosteroids used for an exacerbation Consensus 6.8

○ An occurrence of pneumonia since last visit/during last 12 months Consensus 6.9

○ An emergency room visit/hospitalization for any respiratory disease exacerbation 
(COPD/asthma/bronchiectasis etc.) since last visit/during last 12 months

Consensus 6.9

○ Change in smoking status Consensus 6.9

○ Exposure to environmental tobacco smoke Consensus 6.6

○ Exposure to environmental factors requiring treatment (e.g., at work, indoor cook-
ing etc.)

Consensus 6.6

● COPD recommendations, e.g., GOLD strategy, should always be followed in all 
patients with AATD in relation to use of LABA/LAMA/ICS

Agreement 5.8
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several areas that almost reached agreement; these areas 
are ones of current controversy, where hypothesis-based 
research may now be possible since there are now trends 
in ways of thinking. Areas with no consensus or agree-
ment at all remain exploratory in research design.

The high concordance for the use of spirometry dem-
onstrates its value in the assessment of lung disease asso-
ciated with AATD. Due to its ease of use, availability, and 
reproducible and objective measurement of lung func-
tion, spirometry is one of the most widely used follow-
up methods for AATD. In alignment with established 
clinical practice guidelines, our findings advocate for the 
regular use of spirometry assessment in the management 
of patients with severe AATD [17]. However, it is impor-
tant to note that a nuanced approach to the scheduling 
of lung function assessment may be warranted. While the 
consensus leans towards annual spirometry assessment, 
results show that for patients experiencing worsening 
symptoms, spirometric parameters should be assessed 
more frequently depending on the deterioration pat-
tern of each patient. One survey respondent commented 
that the frequency of spirometry assessment should not 
be uniformly prescribed but rather determined on an 
individual basis. This personalized approach acknowl-
edges the heterogeneity in AATD manifestations among 
patients; however, while spirometry is a readily accessible 
diagnostic tool, it does not offer a comprehensive reflec-
tion of the extent of parenchymal damage associated with 
AATD-related pulmonary emphysema [17, 18]. This limi-
tation implies that spirometric parametric measurements 
alone should not serve as the sole diagnostic criterion 
for AATD-related lung disease [19, 20] and that physi-
cians should consider supplementary diagnostic meth-
ods and clinical indicators to gain a more comprehensive 
understanding of disease progression and its impact on 
the individual patient. In accordance with clinical guide-
lines, physicians are advised to incorporate additional 
measures, such as body plethysmography and diffusion 
capacity to obtain a comprehensive assessment of lung 
function [1, 17]. The agreement among respondents 
favouring these measures likely stems from their recogni-
tion that they provide valuable insights into the extent of 
lung function decline [17].

Our findings emphasize the value of full lung func-
tion assessment in managing patients with AATD; how-
ever, it is essential to recognize that there are still areas 
of discordance among other aspects of clinical guidance. 
Notably, there was lack of agreement regarding the use 
of LDCT in both research settings and in routine clini-
cal care. HRCT allows visual identification of early-stage 
emphysema [21, 22], which is key to the management of 
AATD. However, non-inferior image quality and simi-
lar anatomical information can be achieved with LDCT 

protocols, which may be more suited to the serial scan-
ning and density analysis required to monitor disease 
progression in AATD, as well as the effect of treatment 
regimens [21]. Other limitations in the use of lung den-
sity analysis for routine clinical practice include that 
specific software and expertise are required for analysis 
and interpretation of data, there is variability of reference 
values among scanners and software manufacturers, and 
lack of standardization and validated CT methodology 
and analysis protocols [23]. Thus, CT densitometry is a 
useful imaging tool for AATD-induced emphysema, but 
more research is needed before it can be used routinely 
in clinical practice [23].

There was also lack of agreement among survey 
respondents regarding the use of the 6MWD to assess 
suitability for augmentation therapy or response to this 
therapy in patients with stable or worsening respiratory 
disease associated with severe AATD. Pulmonary reha-
bilitation (PR) has been shown to be effective for patients 
with AATD [24, 25], and the 6MWD is a valid and reli-
able measure of exercise capacity [26]. PR has been 
shown to benefit patients with COPD, with and without 
AATD [27]; however, the authors of the study that dem-
onstrated the benefits of PR in patients with AATD could 
not determine whether patient comorbidities, which 
can have profound effects on QoL, may have influenced 
results [27, 28]. Nevertheless, data did show that 6MWD 
is not improved by augmentation therapy alone and only 
improves when the patients are undergoing PR [27], 
which may explain why there was no agreement regard-
ing the use of 6MWD to assess response to this therapy 
in the current study. A potential explanation for the lack 
of agreement regarding the use of 6MWD to assess suita-
bility for augmentation therapy and to assess response to 
this therapy may be that, despite the most recent AATD 
guidelines stating the need to monitor all patients with 
AATD to assess treatment options using parameters such 
as  FEV1, diffusion capacity of the lung for carbon monox-
ide, 6MWD, and health-related QoL parameters, access 
to augmentation therapy is highly variable across Europe 
[1]. Therefore, physicians without access to the therapy 
may not be familiar with current guidelines regarding 
methods to assess suitability for augmentation therapy 
and to assess response to the therapy.

Currently, augmentation therapy is reimbursed in 
Czechia within Eastern Europe, and is covered by public 
health insurance in Austria, Belgium (only for patients 
who started the therapy before 2010), France, Germany, 
Italy, Portugal, and Spain within Western Europe, high-
lighting the absence of harmonized access to augmenta-
tion therapy [1]. This geographical inequality in access to 
this optimal AATD healthcare ultimately results in differ-
ent standards of care for AATD in Europe [1]. The present 
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results indicate a high level of concordance regarding the 
initiation of augmentation therapy in patients with sta-
ble and worsening respiratory disease and highlights the 
importance of AAT levels (which relates closely to geno-
type) in determining eligibility. The utility of the 11 µM 
protective threshold as a determinant of clinical risk and 
as an indicator for commencing augmentation therapy 
is now considered questionable [29–31]; nevertheless, 
it was included in this study since plasma-derived AAT 
preparations are currently only licensed for patients 
who have AAT levels below this threshold. Furthermore, 
the 11  µM threshold (~ 57.2  mg/dL) are still included 
in several national guidelines as the threshold to define 
severe AATD and indicate augmentation therapy. How-
ever, whether AAT levels are above or below this 11 µM 
threshold should not guide treatment decisions alone; 
instead, this should be based on a patient’s AATD geno-
type and other risk factors [29–31].

It is worth noting that a prior EARCO study highlights 
significant variability in the criteria for initiating aug-
mentation therapy among European experts [32]. Greu-
lich et  al. revealed that factors other than AAT serum 
levels have a significant influence on the decision to ini-
tiate augmentation therapy when patients’ genotypes are 
considered [32]. For instance, in Pi*ZZ individuals, mul-
tivariate analysis identified younger age, reduced  FEV1 
(%),  FEV1 decline, and the presence of emphysema by 
CT as significant in the decision for initiating augmen-
tation therapy [32]. In Pi*SZ patients, age,  FEV1 (%), and 
emphysema presence on CT were reported as significant 
in the decision making for the initiation of augmentation 
therapy [32]. In the present survey, results underscore 
that  FEV1 and the presence of emphysema by CT are 
important aspects to consider when initiating augmen-
tation therapy in both patients with stable and worsen-
ing respiratory disease. The high level of agreement on 
the initiation of this therapy here is in stark contrast 
with the great discordances shown in the study by Greu-
lich et al., which is likely due to the differences in study 
design. Here, the agreement is on general statements, but 
when clinicians are confronted with real cases (as in the 
Greulich et  al. paper) their decisions to treat with aug-
mentation therapy may differ greatly and take into con-
sideration several variables that are not included in the 
current recommendations described in guidelines.

Regarding the lack of consensus or agreement in some 
areas, there are several reasons why consensus or agree-
ment was not reached. A limitation of this study is that 
due to size, there were only two survey rounds. Further 
rounds could have increased the number of statements 
that reached consensus or agreement in order to provide 
more refined recommendations. Additionally, there are 
few studies and evidence concerning some of the topics 

of this survey. AATD is a rare disease; therefore, it is 
likely that many respiratory physicians do not have a vast 
amount of experience in providing treatment for patients 
with AATD, and most knowledge of the management of 
AATD is derived from experience of managing COPD. 
The size of the survey could also have been a contributing 
factor to the low participation rate among EARCO mem-
bers, though it is more likely that due to the timing, some 
countries were still battling the COVID-19 emergency 
and justifiably, the respiratory physicians of EARCO had 
more pressing matters and responsibilities.

Selecting EARCO members to participate in the study 
ensured expert opinions were gathered from physi-
cians with extensive expertise and interest in the field of 
AATD, as well as experience with administration of aug-
mentation therapy. However, the geographical spread of 
the participants was not equally distributed throughout 
Europe; approximately a quarter of all respondents were 
from Spain, which may have impacted the results. While 
our study builds upon guidelines previously published for 
the assessment and monitoring of patients AATD [12], it 
largely complements guidelines from the Spanish Soci-
ety of Pulmonology and Thoracic Surgery (SEPAR) [33], 
which is not surprising given the distribution of partici-
pating physicians. However, the SEPAR guidelines were 
published in 2015 and so an update is needed. Though, 
for a more accurate European consensus, more input is 
greatly needed from physicians of other European coun-
tries. The common membership and shared knowledge 
and adherence to the same guidelines amongst Spanish 
respondents may have contributed to a heightened level 
of consensus and agreement compared to physicians 
practicing in different regions. Furthermore, as most par-
ticipants were from countries with AAT reimbursement 
policies, this could also have affected the results on this 
topic. Physicians may be influenced by their knowledge of 
the specific guidelines that they use, and country-specific 
regulations means that all countries do not have access to 
the same testing and/or treatment options; nevertheless, 
our results provide a good framework for physicians to 
approach their regulators to highlight the recommended 
treatments, and advocate for change, if required, in their 
area.

Conclusion
There is currently a lack of consistent guidance on the 
diagnosis, treatment, and management of patients with 
AATD in Europe. The present study provides updated 
expert opinions for the assessment and monitoring of 
patients with severe AATD, for those with stable and 
worsening disease, which were developed from the 
views of European respiratory physicians. Continuing to 
build the evidence base for the management of AATD 
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is essential to support access to treatment and ensuring 
optimal access to effective care in AATD is something 
that EARCO is deeply committed to.
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