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ABSTRACT

Background: Eosinophilic granulomatosis with polyangiitis (EGPA), is a rare ANCA-associated systemic vasculitis.
Its overlapping features with other vasculitic or eosinophilic diseases, and the wide and heterogeneous range of
clinical manifestations, often result in a delay to diagnosis.

Objective: To identify red flags that raise a suspicion of EGPA to prompt diagnostic testing and to present an
evidence-based clinical checklist tool for use in routine clinical practice.

Methods: Systematic literature review and expert consensus to identify a list of red flags based on clinical
judgement. GRADE applied to generate a strength of recommendation for each red flag and to develop a checklist
tool.

Results: 86 studies were included. 40 red flags were identified as relevant to raise a suspicion of EGPA and
assessed by the experts as being clinically significant. Experts agreed that a diagnosis of EGPA should be
considered in a patient aged >6 years with a blood eosinophil level >1000 cells/uL if untreated and >500 cells/
uL if previously treated with any medication likely to have altered the blood eosinophil count. The presence of
asthma and/or nasal polyposis should reinforce a suspicion of EGPA. Red flags of asthma, lung infiltrates,
pericarditis, cardiomyopathy, polyneuropathy, biopsy with inflammatory eosinophilic infiltrates, palpable pur-
pura, digital ischaemia and ANCA positivity, usually anti-myeloperoxidase, among others, were identified.
Conclusion: The identification of a comprehensive set of red flags could be used to raise a suspicion of EGPA in
patients with eosinophilia, providing clinicians with an evidence-based checklist tool that can be integrated into
their practice.
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1. Introduction

Eosinophilic granulomatosis with polyangiitis (EGPA), formerly
known as Churg-Strauss syndrome [1], is a systemic vasculitis classified
as an anti-neutrophil cytoplasm antibody (ANCA)-associated vasculitis
(AAV) [1-3]. EGPA is a rare disease with an annual global incidence rate
of 1.7 cases per million people per year and a prevalence of 15.6 cases
per million people [4]. It arises during the 4™ 0 6™ decade of life, with
an average age at diagnosis of 49 years, although paediatric cases have
also been reported. There is no sex predominance and no general
apparent familial or geographical association [2], although some iso-
lated familial cases have been described [5]. Survival rates for in-
dividuals diagnosed with EGPA exceed 96 % at 5 years [2]. However,
patients experience frequent symptomatic flares and accumulate organ
damage. EGPA is associated with high healthcare resource utilization,
including inpatient admissions and emergency department visits, and is
associated with an impaired quality of life (QoL) [6,7].

EGPA is a heterogeneous disease that affects multiple organs and can
present with a variety of clinical manifestations, frequently non-specific,
that often overlap with other pathologies. The typical presentation in-
cludes upper and lower respiratory tract involvement, peripheral neu-
ropathy, cardiac involvement, and skin lesions. ANCA are positive
(usually against myeloperoxidase [MPO]) in 30-35 % of cases, and more
often in patients with clear clinical manifestations secondary to small
vessel vasculitis [8,9]. In contrast, cardiac involvement is more frequent
in ANCA-negative patients. The pathogenesis of EGPA remains unclear.
Eosinophilia is a feature that differentiates EGPA from other
ANCA-associated vasculitides and at the same time, is responsible for
multiple clinical manifestations of the disease [2,10-12]. Eosinophilic
manifestations include asthma, which is often persistent and/or severe;
chronic rhinosinusitis with nasal polyposis; pulmonary infiltrates;
gastrointestinal infiltration; infiltrative cardiomyopathy, and eosino-
philia in peripheral blood and tissues. Vasculitic manifestations of EGPA
include multiple mononeuritis, polyneuropathy, glomerulonephritis,
purpura and rarely digital ischemia, and abdominal ischaemia [2,12].
Eosinophilic and vasculitic manifestations are often intermingled since
eosinophils may be a component of vascular and perivascular infiltrates
and a complete distinction between eosinophilic and vasculitis mani-
festations cannot be always established. For instance, neuropathy may
have a vasculitic origin and/or an eosinophil-derived neurotoxicity
component [13], and renal involvement may include necrotizing
glomerulonephritis and/or eosinophilic-rich interstitial inflammation.
ANCA, a biomarker more frequently associated with the presence of
vasculitis, may be positive in patients with no typical vasculitis mani-
festations [12,14,15]. This heterogeneity and the wide range of clinical
manifestations often result in a significant delay in diagnosis, with de-
lays typically ranging from 3 to 9 years from the onset of asthma to the
diagnosis of vasculitis [16]. It should be noted that the majority of pa-
tients with asthma and eosinophilia would never develop EGPA. Only a
subgroup of them, faced with certain environmental stimuli, and prob-
ably with a predisposing genetic basis, will develop EGPA. Being able to
identify warning signs and symptoms (“red flags™) that allow us to
identify these patients early is a real challenge.

The diagnosis of EGPA is often challenging due to its rarity, het-
erogeneous and multiorgan clinical presentation, and overlap with other
vasculitic or eosinophilic disorders. There are no commonly agreed
diagnostic criteria for EGPA. Only different classification criteria are
available, and the definitive diagnosis of EGPA is based on histological
confirmation through biopsy of an affected organ or tissue, which
demonstrates the presence of medium-small vessel vasculitis with
eosinophilia. Therefore, a diagnosis of EGPA may be easily established
in patients with asthma and eosinophilia with vasculitis, based on his-
tology showing tissue eosinophilia, necrotizing vasculitis, and extra-
vascular eosinophilic granulomas, as key histological features [8,12].
However, not all patients have confirmatory biopsies, and all disease
definition components are not easily detectable. There have been
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different classification criteria for EGPA, since the 1990 American Col-
lege of Rheumatology (ACR) classification criteria that identified six
clinical or histological items (asthma, eosinophilia, neuropathy,
non-fixed lung infiltrates, paranasal sinus involvement, and histological
evidence of extravascular eosinophils) [17,18], to the 1993 and 2012
Chapel Hill Consensus’ Conference definitions and nomenclature that
focused on histopathology findings [19,20], and more recently, the 2022
ACR/EULAR (European Alliance of Rheumatology Associations) classi-
fication [17]. In the later classification, a score of six or more across the
following criteria is required to support the classification of a patient
with vasculitis as having EGPA: obstructive pulmonary disease (score 3);
nasal polyps (score 3); multiple mononeuritis (score 1); blood eosinophil
count >1 x 109/L (score 5); extravascular inflammation with predom-
inance of eosinophils on biopsy (score 2); test positive for c-ANCA or
anti-PR3 (reduce score by 3); haematuria (reduce score by 1). However,
classification criteria should not be used as diagnostic criteria, as stated
in the recently published evidence-based guideline for the diagnosis and
management of EGPA [12]. Given the challenges to achieve a timely
diagnosis for this rare and heterogenous condition, there is a need to
define a comprehensive list of signs, symptoms, and laboratory param-
eters, that can be used to raise a suspicion of EGPA, as a first step in the
diagnostic/classification process.

Here we report the results of a systematic literature review and
expert consensus, undertaken to identify red flags for raising suspicion
for EGPA, which should prompt clinicians to initiate a diagnostic process
to confirm or refute an EGPA diagnosis. We also present an evidence-
based clinical checklist tool for use in routine clinical practice to facil-
itate the identification of patients for whom EGPA should be suspected
and further expert diagnostic evaluations should be undertaken.

2. Material and methods
2.1. Systematic literature review

In accordance with evidence-based medicine standards, Patient-
Intervention-Comparator-Outcome (PICO) criteria were developed in
order to formulate an unbiased and effective literature search strategy to
identify the most robust evidence with regards to the clinical question
“Which signs and symptoms should make the specialist physician suspect a
possible case of EGPA in the population older than 6 years of age?” The
target population (P) was defined as patients over 6 years of age with a
diagnosis of EGPA, and the intervention (I) was defined as the presence
of symptoms, signs or laboratory parameters that contributed to a sus-
picion of EGPA. As this was not a treatment-focused review, no
comparator (C) was included, and the outcome (O) was defined as a
clinical suspicion of EGPA. With these parameters in place, the literature
search was designed to capture original studies and case series that
described symptoms, signs, or laboratory parameters present at the
onset of the disease, before reaching the diagnosis of EGPA.

The literature search was conducted in the PubMed and Cochrane
databases between January 1%, 1976 and September 20™, 2022 (the
date on which the search was conducted) and was restricted to journal
publications in English or Spanish for which an abstract was available.
Search terms were defined as: (egpa OR "churg strauss") AND (debut OR
"initial symptom" OR present OR criteria OR diagnosis OR classification)
AND ("clinical course" OR "long-term" OR cohort) AND (("1976/1/1"
[Date - Publication]: "3000"[Date - Publication])) NOT (treatment
[title]). Meta-analyses and reviews reporting case series already pub-
lished in original articles were excluded, as were studies that did not
assess any aspect related to EGPA or suspicion signals.

The titles and abstracts of all identified studies were independently
screened by two reviewers for relevance and duplicates were removed.
Disagreements in study selection between the two lead reviewers were
resolved by a third reviewer. From all studies that met the inclusion/
exclusion criteria, signs for clinical suspicion of EGPA were extracted
and classified according to the organ/system affected.
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2.2. Expert consensus

A multidisciplinary nominal group consensus approach was
employed for expert consensus generation. The specialties involved
(respiratory medicine, allergic medicine, rheumatology, and internal
medicine [specifically those more commonly treating patients with
EGPA)) cover the vast majority of the multiple clinical manifestations of
EGPA. The process consisted of a face-to-face meeting during which the
clinical signals extracted from the literature review were evaluated.
Three working groups were established. The information available to
each group comprised the clinical signals together, the frequency with
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which they appeared in the literature and the type of study from which
they were extracted. The clinical manifestations were grouped into the
following categories: autoimmune markers; blood markers; dermato-
logical, gastrointestinal, pulmonary, otorhinolaryngological, renal,
ophthalmological, cardiovascular, neurological, and musculoskeletal
involvement; as well as constitutional syndrome and general symptoms.
Each working group reviewed signals and considered whether signals
were sufficiently specific to raise suspicion for EGPA, whether related
signals could be grouped, and whether signals were easy to understand
and exploit in the clinical setting. Following the review of the evidence,
the working groups employed clinical judgment (based on frequency

Records identified by experts

Y
© &
2 E reviewers
£ Records identified through N=2

©
=l database
§ & N=382
B2
S o
E 5
t 3
v c
25 \L /

€
— {} . Excluded: 259*
'd N\

Selection of records by review
of title and abstract:
N=123
Excluded: 0

@ Excluded: 34**

S

process)

S

Screening (rigorous review

Full text articles evaluated for

Full text articles evaluated for

eligibility: eligibility:
N=89 N=2
. Excluded: 5*** . Excluded :0
Y
Articles included to detect for Articles included to detect for

§ criteria to raise a suspicion for criteria to raise a suspicion for

2 EGPA EGPA

s & N= 84 N=2

T

S E | | |

=

(8]

8=

[ Total articles included: 86

\ J

Reasons: *Focused on follow up, treatment or relapse n=48; Focused on other
pathologies n=37; Focused on epidemiology n=27; EGPA diagnosis / no
information about suspicion n=21; Out of scope / others n=126 | ** Out of
scope: not focused on suspicion criteria of EGPA n=all

Fig. 1. PRISMA flowchart for the systematic literature review.
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observed as experts and/or in the potential seriousness of leaving a
possible manifestation untreated as EGPA) to classify signals as being of
high, medium, low, or no relevance regarding a suspicion for EGPA.

After the face-to-face meeting, a list of red flags classed as of high,
medium, or low relevance was compiled based on the evidential review
(including the frequency with which they appeared in the literature and
the type of study from which they were extracted) and the clinical
judgment of the expert group. The ACR/EULAR criteria [21] were
included in this list. The complete list of red flags was then reviewed by
all experts via an online questionnaire and re-classified as being of high,
medium, low, or no relevance, regarding a suspicion for EGPA, in
addition to practical utility within a clinical setting. A total of 40 sus-
picion signals were confirmed and agreed upon by all experts during an
on-site multidisciplinary nominal group consensus.

GRADE (Grading of Recommendations, Assessment, Development,
and Evaluations) methodology was used to assess the quality of the
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scientific evidence supporting each criterion included in the shortlist
[22]. The strength of recommendation for each criterion was deter-
mined based on the definitions employed by the National Comprehen-
sive Cancer Network (NCCN) [23] using a combination of the level of
relevance concerning a suspicion for EGPA according to the expert
opinion and the GRADE assessment (strength of evidence) (Supple-
mentary Table S2):

e Category 1: The available evidence is of high quality (grade 1) and
there is consensus among experts;

e Category 2A: The available evidence is of lower quality (grade 2) and
there is unanimous consensus among experts;

e Category 2B: The available evidence is of lower quality (grade 2) and
there is no unanimous consensus among experts;

e Category 3: The available evidence is of any grade, but there is no
consensus among experts.

« Asthma
« Lung infiltrates / nodules /
alveolitis

« Elevated creatinine
(together with sediment alteration)
« Proteinuria (>500 mg)
« Elevated troponin*
« High BNP*
» Positive rheumatoid
factor
« Digital ischaemia Hioh ok
» Venous thrombosis*

» Enosinophilic pleural
effusion

+ Alveolar haemorrhage /
haemoptysis
« Chronic cough
over Bweeks |/
wheezing®

» Vasculitis on biopsy
« Biopsy with inflammatary
infiltrate predominantly
eosinophilic

+Ischaemic heart disease /
arterial occlusion / infarctionin a
patient without identified cardiovascular
risk factors and without suspicion
of other causes

« Cardiomegaly

In a patient with an absolute
blood easinophil count of:

« Constitutional syndmme ane‘]s of > 1000 celﬂs Spl (312 10°/L) with

and/or fever*

explain an alteration of this value.

« Nasal polyps

that could o
: « Chronic otitis media

Levels of > 500 cells /pl (>0.5 x10%/L) with

a treatment that could decrease this value
(such as glucocorticolids).

« Retinal vascuiitis
+ Episcleritis/scleriis
« Orbital inflammatory diseasef
orbital pseudotumor
« Red eye (including conjunctivitis
- and Ikeragt‘rtis]

+ Polyarthritis*
« Myositis/myopathy » Ischaemic injuries
including intestinal
ischaemia (including
recurrent abdominal pain
that is ischemic in nature*
and perforation (gastric,
oesophageal, or smallintestine)*
+ Chronic diarrhoea, melena®

If the patient has ASTHMA and/or NASAL
POLYPOSIS, the suspicion for EGPA
should increase.

+ Palpable purpura
« Skin lesions such as ulcers,
urticaria, nodules and papules®

« Mononeuritis mulfiplex
1 polyneuropathy
« Paraesthesia
« Cerebrovascular disease™
+ blomerulonephritis
« Glomerular exiracapillary
proliferation on renal biopsy
+ Renal infarction

* not explained by another cause

ANCA, anti-neutrophil cytoplasm antibody; BNP, B-type natriuretic protein; EGPA, Eosinophilic
granulomatosis with polyangiitis; IgE, immunoglobulin E

Fig. 2. Clinical checklist tool of red flags for suspicion of EGPA.

o If a patient presents with the indicated levels of eosinophilia, the detection of any of the listed factors, with no other apparent cause, should alert to the possibility of

EGPA.
o The presence of more than one factor will reinforce the suspicion of EGPA.
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2.3. Development of a clinical checklist tool

Red flags identified as suspicion signals for EGPA were categorised
by organ system, manifestation, and laboratory test to facilitate a
rational, evidence-based clinical review of patients presenting with
eosinophilia.

3. Results

A total of 382 records were identified and reviewed for inclusion, of
which 86 studies were included in the literature review (Fig. 1, Sup-
plementary Table S1). From the 86 publications considered eligible for
full review and data extraction, a total of 40 red flags were identified as
relevant to raise suspicion for EGPA (Fig. 2) and assessed by the experts
as being of high, medium, or low relevance regarding a suspicion for
EGPA (Supplementary Table S2). The red flags depicted in Fig. 2 are
identified in accordance with the articles reviewed and categorized by
experts into headings within the figure, indicating potential organ
involvement.

The quality of scientific evidence and strength of recommendation
was determined for each criterion (Supplementary Table $2). Since all
signals were derived from observational studies, the GRADE level of
evidence was classified as low. Experts agreed that a diagnosis of EGPA
should be considered in a patient aged 6 years and over with a blood
eosinophil level >1000 cells/uL if untreated and >500 cells/uL if pre-
viously treated with any medication likely to have altered the blood
eosinophil count, and that other causes of hypereosinophilia need to be
considered (parasites, paraneoplastic, drugs, previous diagnosis of
hypereosinophilic syndrome etc.) [12,24-26]. The presence of asthma
and/or nasal polyposis should reinforce a suspicion of EGPA above other
eosinophilic disorders. The additional presence of any of the 40 red flags
identified as relevant to raise suspicion for EGPA can be considered to
reinforce the suspicion of EGPA.

Because of the rarity of the disease, involvement of various spe-
cialties, varying levels of expertise, and the subjective nature of grading,
there was no unanimous consensus in grading. Consequently, all iden-
tified red flags hold relevant significance.

3.1. Respiratory red flags

Four respiratory red flags were considered by the experts as being of
high relevance to raise suspicion for EGPA: asthma, lung infiltrates/
nodule(s)/eosinophilic alveolitis, eosinophilic pleural effusion and
alveolar hemorrhage/hemoptysis. In addition, chronic cough of over 8
weeks duration or wheezing (not explained by another cause) was
considered to be of medium relevance.

3.2. Cardiac red flags

Three cardiac red flags were considered by the experts as being of
high relevance to raise suspicion for EGPA: pericardial effusion/peri-
carditis, cardiomyopathy, and ischaemic heart disease/arterial occlu-
sion/infarction in a patient without identified cardiovascular risk factors
and without suspicion of other causes. In addition, cardiomegaly was
considered to be of medium relevance, unless associated with the above
manifestations.

3.3. Vascular red flags

One vascular red flag, digital ischemia, was considered by the experts
as being of high relevance to raise suspicion for EGPA. In addition,
venous thrombosis (without any other triggering factors) was consid-
ered to be of medium relevance.
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3.4. Otorhinolaryngological red flags

One otorhinolaryngological red flag, nasal polyposis, usually asso-
ciated with chronic rhinosinusitis, was considered by the experts as
being of high relevance to raise suspicion for EGPA upfront of other
eosinophilic diseases. In addition, chronic media otitis was considered to
be of medium relevance.

3.5. Dermatological red flags

One dermatological red flag, palpable purpura, was considered by
the experts as being of high relevance regarding raising suspicion for
EGPA. In addition, the presence of skin lesions such as ulcers, urticaria,
nodules, and papules, not explained by another cause, were considered
to be of medium relevance.

3.6. Neurological red flags

Two neurological red flags, mononeuritis multiplex/poly-
neuropathy, and paraesthesia, were considered by the experts to be of
high relevance for raising suspicion for EGPA. In addition, the presence
of cerebrovascular disease (other pathologies ruled out) was considered
to be of medium-high relevance.

3.7. Renal red flags

One renal red flag, glomerulonephritis, was considered by the ex-
perts as being of high relevance to raise suspicion for EGPA. Although
not very frequent, it is virtually absent in other eosinophilic diseases and
its potential severity makes it a relevant warning manifestation. In
addition, the presence of glomerular extracapillary proliferation on
renal biopsy or renal infarction was considered to be of medium
relevance.

3.8. Gastrointestinal red flags

One gastrointestinal red flag, ischaemic injuries including intestinal
ischemia (including recurrent abdominal pain that is ischaemic in na-
ture (not explained by another cause) and perforation (gastric, oeso-
phageal, and small intestine unexplained by any other cause), were
considered by the experts to be of medium-high relevance to raise sus-
picion for EGPA, although the experts’ experience was very asymmetric.
In addition, the presence of chronic diarrhoea and melena (not
explained by another cause) were considered to be of medium relevance.

3.9. Musculoskeletal red flags

Two musculoskeletal red flags, myositis/myopathy, and polyarthritis
(with no alternative explanation), were considered by the experts to be
of medium relevance in raising suspicion for EGPA.

3.10. Ophthalmological red flags

Two ophthalmological red flags, retinal vasculitis, and episcleritis/
scleritis, were considered by the experts to be of medium relevance
regarding raising a suspicion for EGPA. In addition, the presence of
orbital inflammatory disease/orbital pseudotumor and red eyes
(conjunctivitis and keratitis), were considered to be of medium
relevance.

3.11. General red flags

The presence of constitutional syndrome and/or fever (not attribut-
able to any other cause) was considered by the experts to be of high
relevance for raising a suspicion of EGPA.
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3.12. Histopathological red flags

Biopsy with inflammatory infiltrate predominantly eosinophilic, and
vasculitis on biopsy, were considered by the experts as being of high
relevance regarding raising suspicion for EGPA.

3.13. Analytical marker-related red flags

ANCA positivity, particularly with anti-MPO specificity, was
considered by the experts to be of high relevance for raising suspicion of
EGPA. It is important to remark that anti-PR3 specificity is much less
frequent in EGPA but its presence should not deter from suspecting
EGPA in the setting of significant eosinophilia, since in 5-10 % of pa-
tients with ANCA-positive EGPA, ANCA have anti-PR3 specificity
[27-29]. In addition, elevated creatinine (together with sediment
alteration), and proteinuria (>500 mg/24 h) were considered to be of
medium relevance, and elevated troponin (that cannot be explained by
another cause), high B-type natriuretic peptide (BNP) without any other
apparent cause, high immunoglobulin E, and positive rheumatoid factor
were considered to be of low relevance.

3.14. Clinical checklist tool for suspicion of EGPA in a patient presenting
with eosinophilia

Fig. 2 displays a clinical checklist tool suitable for use in routine
practice for the evaluation of a patient aged 6 years and over with a
blood eosinophil level >1000 cells/uL if untreated and >500 cells/uL if
previously treated with any medication likely to have altered the blood
eosinophil count. Red flags considered to raise a suspicion of EGPA are
grouped by organ system, manifestations, and laboratory test.

4. Discussion

The current systematic literature review and multidisciplinary expert
consensus has, for the first time, enabled the identification of evidence-
based red flags that can be used to raise a suspicion for EGPA in clinical
practice. The red flags identified are relevant for patients older than 6
years of age with blood eosinophil levels of >1000 cells/pl (blood
eosinophil count >1 x 10%/L), with no pharmacological treatment that
could explain an alteration of this value, or levels of > 500 cells /uL with
a treatment that could decrease this value (such as glucocorticoids).

The insights gained via a systematic approach to evidence genera-
tion, expert consensus rating and GRADE methodology have enabled the
consolidation of a comprehensive list of red flags applicable to the
clinical context of this rare, multisystem, multiorgan disease. One
recently published multidisciplinary guideline for the diagnosis and
treatment of EGPA provide one recommendation (“statement 1”)
focused on settings where EGPA should be considered. However, in
contrast with our proposal, that statement doesn’t comprise an
exhaustive list of red flags, exposed in a systematic way.

EGPA is considered to be a subtype of ANCA-associated vasculitis
and classification of EGPA can only be achieved in patients with
vasculitis (histologically demonstrated or with strong clinical surro-
gates, including mononeuritis multiplex, purpura, glomerulonephritis or
intestinal ischemia) [8]. Current ACR/EULAR classification criteria are
useful for the differential diagnosis compared with other small vessel
vasculitides and are stringent to achieve maximum sensitivity and
specificity. However, EGPA may present with broad clinical manifesta-
tions, some of which are transient and non-specific, and the presentation
and progression of the disease can differ markedly between individual
patients, without a consistent pattern of indicators that EGPA may be the
underlying pathology [1-3,10,11]. Unusual combinations of features of
this rare disease can contribute to a significant delay in diagnosis [16].
The identification of a wider set of signs and symptoms of suspicion (red
flags) that are less specific could contribute to an earlier diagnosis of the
disease by prompting a thorough investigation of subtle manifestations
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with appropriate tests, avoiding diagnostic delay and therefore, hypo-
thetically, slowing down the progression of the disease. Thanks to the
availability of new potentially disease-modifying treatments for EGPA,
achieving diagnosis early in the course of the disease is critical to
improve outcomes for patients with this condition [30-37].

We identified 40 red flags of high, medium, and low relevance
regarding suspicion of EGPA in patients aged 6 years and over pre-
senting with eosinophilia. The presence of a single red flag does not
necessarily support a strong suspicion of EGPA or justify a detailed
investigation, but it does indicate that EGPA should be considered. The
type and number of tests will be guided by clinical judgment and
specialist consultation when necessary. In contrast, the presence of
multiple red flags in an individual patient may reinforce the suspicion of
EGPA. The experts note that if the red flags identified comprise asthma
and/or nasal polyposis, the level of suspicion of EGPA increases as
compared with other eosinophilic diseases. However, these manifesta-
tions are very common and, in the absence of any indication of systemic
involvement, are insufficient to make the diagnosis.

The evidence-based clinical checklist tool developed derived from
the systematic literature review and expert consensus is suitable for use
in routine clinical practice to achieve the rapid identification of patients
for whom a suspicion of EGPA warrants additional investigation. The
development of a clinical checklist tool was regarded by the experts as
an essential step to enable the translation of the insights generated into
clinical practice. Checklists are a widely used cognitive tool to ratio-
nalize and standardize complex decision-making and to ensure that all
relevant parameters - in this case, red flags — are considered [38]. They
are increasingly used in diverse medical settings, in particular to
improve patient safety [39-41]. Grouping of red flags by organ system,
manifestations, and laboratory tests, enables clinicians to systematically
consider all potential red flags that may raise a suspicion for EGPA.

Potential limitations of the current evaluation relate to the hetero-
geneity and lack of systematic evaluation of the clinical manifestations
of EGPA. In particular, red flags were mainly drawn from case studies
and a small number of retrospective analyses. Furthermore, for the
current evaluation, each putative red flag was defined, and its relevance
was assessed independently from all other signals. Compelling evidence
would have resulted from prospective follow-up studies performed in
patients with asthma or eosinophilia to determine the percentage of
patients developing EGPA and their potential distinctive features but
such studies do not exist.

Moreover, since EGPA is a rare disease, expert experience is neces-
sarily limited and opinion may be biased by the frequency with which
individual experts have observed particular red flags. Even infrequent,
some items were graded as high given the potential deleterious conse-
quences of leaving these untreated. A potential area for future research
might be to evaluate other clinical manifestations not yet published in
the literature, or interactions between the identified red flags, for
example using a cluster analysis methodology. Progress in biomarkers
useful for discrimination between eosinophilic conditions would be
welcome. Regardless, we were able to identify a coherent set of red flags
and develop a clinical checklist tool for use in clinical practice that can
be used to evaluate patients, raise suspicion for EGPA, and prompt
further investigation.

5. Conclusions

Systematic literature review, multidisciplinary expert consensus
rating, and GRADE methodology have enabled, for the first time, the
identification of a comprehensive set of 40 red flags that may be used to
raise suspicion for EGPA in patients with eosinophilia, providing clini-
cians with an evidence-based checklist tool that can be integrated into
their routine practice.
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