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Mast cell activation (MCA) is common and occurs in a number
of pathologic conditions, including IgE-dependent and
independent allergic reactions, atopic disorders, autoimmune
processes, and mastocytosis. In a subset of patients, no
underlying disease and no known trigger of MCA are found.
When the symptoms are severe, systemic, and recurrent, and
accompanied by a diagnostic increase in the serum tryptase level
or other mast cell mediators, an MCA syndrome (MCAS) may be
diagnosed. In these patients, the symptoms typically respond to
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Abbreviations used

HaT- h
ereditary alpha tryptasemia
ICD-10-CM- I
nternational Classification of Diseases, Tenth
Revision, Clinical Modification
MC- m
ast cell

MCA-M
C activation
MCAD-M
CA disorder

MCAS-M
CA syndrome

PGD2- p
rostaglandin D2
SM- s
ystemic mastocytosis
implicating suspected MCA behind such conditions are
lacking, even if some of these conditions have recently been
assigned to an International Classification of Diseases-10-
Clinical Modification code (ICD-10-CM). In this article, we
discuss diagnostic features and criteria and propose a ICD-
10-CMeadjusted classification for disorders associated with
MCA, herein referred to as MCA disorders (MCADs), with
special emphasis on the delineation between confirmed
MCAS, MCAD not fulfilling MCAS criteria, and suspected
MCAD that is not present. In addition, we discuss the
discrimination between overt MCAD and predisposing con-
ditions, such as atopic states, mastocytosis, and hereditary
alpha tryptasemia. � 2022 The Authors. Published by
Elsevier Inc. on behalf of the American Academy of Allergy,
Asthma & Immunology. This is an open access article under
the CC BY license (http://creativecommons.org/licenses/by/
4.0/). (J Allergy Clin Immunol Pract 2022;10:1941-50)

Key words: Mastocytosis; Mast cell activation; HaT; Diagnostic
criteria; MCAS

INTRODUCTION
Mast cells (MCs) are key effector cells in IgE-dependent allergic

disorders and other inflammatory conditions.1-6 MCs exhibit
high-affinity receptors for IgE (IgER ¼ FcεRI) and produce in-
flammatory and vasoactive mediators, including histamine, tryp-
tases, other proteases, prostaglandin D2 (PGD2), cysteinyl
leukotrienes, and diverse chemokines and cytokines.1-6 In physi-
ologic states, several of these molecules are stored in the secretory
granules of MCs. Some of these mediators, such as alpha tryptase,
are released from MCs at a constant low rate under physiologic
conditions, resulting in a low baseline serum concentration.5,7,8

During an anaphylactic episode, cross-linking of FcεRI is fol-
lowed by a massive and rapid release of granular mediators and
enzymes from MCs.2-6 In addition, during degranulation, cell
surface and cytoplasmic membranes of MCs are rearranged, and
lipid membraneederived mediators are produced and secreted.2-6

Basophils behave in a similar manner and can thus also contribute
to allergic and other inflammatory reactions.9,10 However, in se-
vere anaphylaxis, MCs are generally considered to be the primary
cell involved in the resulting pathology.

The capacity of MCs to release mediators of anaphylaxis in
response to a specific trigger (agonist) depends on various cir-
cumstances and factors, including the genetic background of the
patient, underlying pathology (disease), and the numbers and
types of receptors and signaling molecules involved.11-15 The
severity of an anaphylactic reaction is further determined by the
numbers of MCs involved, cytokine exposure, the nature and
number of triggers and cofactors (eg, IgE-reactive allergens,
nonsteroidals, and toxins such as those within venoms), the type
and amount of IgE, the presence of comorbidities (eg, allergy,
infectious diseases, or mastocytosis), epigenetic factors, and other
patient-related variables (cardiovascular status, physical exercise,
nutrition, alcohol, drugs).3,11-20

MC activation (MCA) occurs in a number of physiologic and
pathologic states. Acute MCA accompanies IgE-dependent
allergic reactions and may result in the clinical picture of
anaphylaxis.2,3,11-14,19 Severe or even life-threatening MCA may
develop when (1) the burden of MCs is high, and/or (2) when
most or all MCs are in a “hyperactivated” state and release all
their mediators massively and instantly, and/or (3) when
comorbidities such as cardiovascular or pulmonary diseases
contribute substantially to an MCA event. When hypersensi-
tivity reactions are severe, systemic, and recurrent, an MCA
syndrome (MCAS) may be diagnosed.21-26 Although in most of
these patients, anaphylaxis is diagnosed, there are also patients
who suffer from MCAS and fulfill all MCAS criteria, but do not
necessarily exhibit the classical clinical features of anaphylaxis.

In the past 10 years, diagnostic criteria and a classification for
MCAS have been established by an international (European
Union/US-based) consensus group.21,22,24 In addition, a diag-
nostic algorithm for MCAS has been developed.26 However,
there is still debate about the use of the term MCAS in various
groups of patients, and many questions remain. For example,
many patients with suspected MCAS and signs of MCA do not
fulfill MCAS criteria.27-29 In these patients, MCA may be sus-
pected as the major clinical problem, but it is a significant
challenge to prove with certainty that the clinical features and
symptoms are indeed derived from MC-dependent reactions and
mediator release. Some of these patients have MCA disorders
(MCADs) or nonspecified MCA reactions or suspected MCA.27-
29 In these patients, local MCA, less severe MCA, or MCA
potentially involving only a limited set of mediators or only 1
organ system may be implicated, whereas other patients do not
have an MCAD.

More recently, International Classification of Diseases-10-
Clinical Modification (ICD-10-CM) codes have been created in
the United States for most of these conditions, but there are
no features or criteria through which these conditions can be
diagnosed with certainty, leaving the possibility of
overdiagnosis of MCA, which may lead to inappropriate
patient management. To address this unmet need, our
consensus group has worked out a proposal for disease-related
clinical features and laboratory-based results that may qualify as
indication of MCA and may even serve as criteria of MCAD not
meeting MCAS criteria. In addition, we propose a global clas-
sification of MCA-related conditions, including predisposing
conditions and clinically overt MCAD that can further be
divided into (1) confirmed MCAS (and MCAS variants) and (2)
other MCADs not fulfilling (all) diagnostic criteria to establish an
MCAS, in contrast to cases of suspected MCAS/MCAD that are
ruled out by history and/or laboratory evaluation.28
DIAGNOSTIC CRITERIA AND CLASSIFICATION OF

MCAS
The diagnosis of MCAS is suspected when (1) clinical

symptoms are severe, (2) systemic, involving at least 2 organ

http://creativecommons.org/licenses/by/4.0/
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TABLE I. Diagnostic consensus criteria for MCAS*

A. Typical clinical signs of severe, recurrent (episodic) systemic MCA are
present (often in the form of anaphylaxis) (definition of systemic:
involving at least 2 organ systems)

B. Involvement of MCs is documented by biochemical studies: preferred
marker: increase in serum tryptase level from the individual’s baseline
to 120% þ 2 ng/mL†

C. Response of symptoms to therapy with MC-stabilizing agents, drugs
directed against MC mediator production, or drugs blocking mediator
release or the effects of MC-derived mediatorsz

*All 3 MCAS criteria (A þ B þ C) must be fulfilled to call a condition MCAS.
†Other MC-derived biomarkers of MC activation (recommended: 24-h or spot uri-
nary histamine metabolites or PGD2 metabolites) may also be used, but are less
specific compared with the increase in serum tryptase level. In addition, to date, no
diagnostic thresholds for the increase in these urinary biomarkers have been defined
and validated. Nevertheless, these alternative markers are recommended when the
tryptase test is not available or its result is inconclusive. A proposed diagnostic
threshold for histamine or PGD2 metabolites is >200% of the individual’s baseline
(increase by >þ100%) provided that the test result is above the normal range for the
assay.
zExample: histamine receptor blockers.
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systems, and (3) recurrent, most commonly in the form of
repeated anaphylaxis, and (4) evidence of involvement of MCs is
demonstrable.21,22,24-29 Based on consensus criteria (Table I),
the diagnosis of MCAS can be established when (a) typical
clinical symptoms arising from recurrent acute systemic (multi-
organ) MCA (typically in the form of recurrent anaphylaxis) have
been documented, (b) MC-derived mediators increase substan-
tially in serum or urine over the individual’s baseline (standard
marker: documented increase in serum tryptase levels following
the 120% þ 2 ng/mL formula; eg, increase in serum tryptase
from a basal level of 50 to 70: 50 þ 10 [20%] ¼ 60 þ 2 ¼ 62:
any value beyond 62 counts as biochemical MCAS criterion),
and (c) the symptoms respond to drugs blocking MCA, MC
mediators, mediator production, or mediator effects.21,24-28 All 3
criteria must be fulfilled to conclude that the patient is suffering
from MCAS (Table I). When the tryptase test is not available or
the result is inconclusive, other biomarkers indicative of MCA,
such as an increase in histamine metabolites or PGD2 metabo-
lites in urinary samples (spot urine taken within a few hours after
an event or over a 24-hour period after an event) to more than
200% (þ100%) of the individual’s baseline (measured in a
symptom-free interval) in association with an event, may be used
as alternative diagnostic marker, although this minimal diag-
nostic threshold has not yet been validated (Table I).26

When the diagnosis of MCAS has been established, the next
essential step is to determine the etiology and to classify
MCAS.21,24-26 Based on the underlying condition(s), MCAS can
be split into (a) monoclonal (¼ clonal or primary) MCAS, where
KIT-mutated, monoclonal (often CD25þ) MCs are detected and
an underlying mastocytosis is often found, (b) secondary MCAS,
where an underlying nonneoplastic disease, usually an IgE-
dependent allergy, is detected, and (c) idiopathic MCAS,
where no underlying disease and no MC clonality that could
explain MCA is found (Table II).21,24-26 Monoclonal MCAS
may also develop in patients with KIT-mutated (usually KIT
D816Vþ) MCs in whom the diagnostic criteria for mastocytosis
are not all fulfilled.21,24-26,30,31 In some of these patients, overt
systemic mastocytosis (SM) may develop during follow-up.

In a substantial number of cases, monoclonal (primary) as well
as secondary MCAS may be diagnosed, for example, in patients
with SM who also suffer from an IgE-dependent allergic disease.
We propose that this constellation be termed combined (mixed)
MCAS. These patients are at a high risk to develop life-
threatening anaphylaxis and therefore need special attention
and individualized therapeutic approaches (Table II).32-37 For
example, in patients with SM and an IgE-dependent allergy
against insect (bee or wasp) venom, the risk to develop recurrent
life-threatening anaphylaxis after a bee or wasp sting is very
high.32-37 These patients are candidates for life-long immuno-
therapy and in selected cases can also be considered to be can-
didates for IgE-targeting antibody therapy (eg, omalizumab) with
the aim of preventing severe MCAS events.37-45 Detailed
knowledge about the etiology and the complexity of MCAS is
thus critical and forms an important basis for establishing the
exact diagnosis and for developing an optimal treatment plan.

An important associated question is whether patients with
hereditary alpha tryptasemia (HaT) and documented MCAS
should be classified as suffering from primary MCAS, secondary
MCAS, or as idiopathic MCAS when no other underlying eti-
ology or disease is detected. Because HaT is not a clonal disease
but rather a genetic trait, and the exact relationship between
HaT and anaphylaxis remains unclear, this question remains
open. One approach would be to call this condition HaT-
associated (HaTþ) MCAS (Table II).

Another important question is whether patients who are
treated at the intensive care or emergency unit because of clini-
cally diagnosed anaphylactic shock can be classified as suffering
from MCAS if no serum tryptase level is available and/or these
patients do not immediately respond to antiemediator-type
therapy. The recommendation is that these patients be initially
diagnosed with anaphylaxis, and only later diagnosed and clas-
sified as patients with MCAS when all MCAS criteria are
fulfilled.
PREDISPOSING CONDITIONS AND PATHOLOGIES

THAT MAY CONTRIBUTE TO THE ETIOLOGY AND

MANIFESTATION OF MCAS AND OTHER MCADs

A number of underlying pathologies, predisposing genetic
conditions, and comorbidities have been identified as potential
triggers of MCA and thus cofactors relevant to the manifestation
of MCAS and other MCADs (Table III). As outlined before,
IgE-dependent allergies and clonal MC disorders (mastocytosis)
are considered major underlying conditions and triggers of
MCAS, especially when both conditions are present in the same
patient.32-37,44 There are also IgE-independent (eg, IgG-
dependent or complement-dependent or MRGPRX-2 recep-
toremediated) hypersensitivity reactions, other atopic disease
states (atopic diathesis), or physical stimuli such as exercise, vi-
bration, or temperature that may contribute to the manifestation
of an MCAS.3,46 Local inflammatory reactions and (viral or
bacterial) infections may also induce or aggravate anaphylactic
reactions and so that an MCAS or other MCAD is diagnosed.

In SM, the lifetime risk of anaphylaxis has been reported to be
30% to 40%. Patients with SM have a high risk to develop severe
mediator-related symptoms and MCAS for several reasons.33-
37,44 First, the numbers of the cells involved (MCs) can greatly
increase in patients with SM. Second, MCs in SM are presumed
to be in an activated state, especially when these patients are also
carriers of HaT and/or suffer from an allergic disease.33-37,44

Finally, the KIT D816V mutation has been implicated in



TABLE II. Recognized variants of MCASs and estimated risk for development of life-threatening anaphylactic MCAS events

Variant of MCAS Main diagnostic features

Estimated risk for

repeated severe

anaphylaxis

Monoclonal MCAS
¼ clonal MCAS*
¼ primary MCAS*

The KIT D816V mutation is detected and MCs may display CD25 and/or CD30
(a) with confirmed mastocytosis (CM or SM)†
(b) only 2 minor SM criteria are met†

þþ

Secondary MCAS An IgE-mediated allergy, another hypersensitivity reaction, or another
immunologic disease that can induce MCA and thus MCAS is diagnosed, but no
neoplastic MCs or KIT D816V is foundz

þþ

Combined MCAS Criteria for primary MCAS and secondary MCAS are fulfilled, and HaT may also
be detectedx

þþþ

HaTþ MCAS HaT is detected and all diagnostic MCAS criteria are fulfilled þ/þþ
Idiopathic MCAS Criteria to diagnose MCAS are met, but no related reactive disease, no IgE-

dependent allergy, and no neoplastic/clonal MCs are detected; in addition,|| no
HaT is known or found

þ

CM, Cutaneous mastocytosis.
Risk score: þ, low risk; þþ, high risk; þþþ, exceptionally high risk.
*The terms monoclonal MCAS (also known as MMAS) and clonal MCAS are used synonymously with the term primary MCAS.
†Most of the patients suffer from SM. However, in some cases, only 2 minor SM criteria are detected and criteria for SM and CM are not fulfilled.
zApart from IgE-dependent mechanisms, a number of other underlying pathways and mechanisms (IgG-mediated, complement-mediated, and MRGPRX2-mediated) reportedly
may lead to a massive MCA and thus MCAS.
xPatients with a combined HaT þ MCAS may have the highest risk to develop recurrent severe (life-threatening) anaphylaxis.
||No KIT mutation at codon 816 is detected, and flow cytometry (if performed) will not detect a clonal population of CD25-positive MCs.

TABLE III. Conditions and comorbidities predisposing to the development of anaphylaxis and MCAS or other MCADs, and potentially
underlying or known mechanisms

Condition/disease Potential underlying mechanism(s)

Genetic/hereditary

HaT Increased sensitivity to certain triggers (eg, a/b-tryptaseeinduced cleavage of
mechanosensory receptors, leading to vibration-triggered degranulation of
MCs)

Increased numbers of tissue MCs

Atopic diathesis Increased tissue inflammation triggered by autoallergens and related exogenous
allergens through multiple mechanisms

Predisposing comorbidities

Hypersensitivity disorders

IgE-dependent allergies IgE-dependent activation of MCs

IgE-independent hypersensitivity MC activation by other triggers, such as IgG, or complement components

Atopic disorders with chronic tissue inflammation IgE-dependent activation of MCs and cytokine/chemokine-induced activation of
MCs in various tissues and organs, such as the skin or the lung

Cutaneous Mastocytosis (CM) Increased MC burden in the skin

Systemic Mastocytosis (SM) Increased MC burden in internal organs (bone marrow, spleen, and others), with or
without skin involvement

Other disorders potentially involving MC

Autoimmune disorders involving MCs Chronic activation of MCs in inflamed tissues (IgE-, IgG-, or complement-
mediated)*

Chronic inflammatory diseases involving MCs Chronic activation of MCs in inflamed tissues (complement- or cytokine-
mediated)*

Infectious diseases involving MCs MC recruitment and activation induced by certain microbes and their products*

*Typical examples with evidence of MC involvement in reactive conditions or inflammatory disorders (including chronic and/or autoimmune and infectious disorders) are
bullous pemphigoid, acute graft-versus-host disease, rheumatoid arthritis, viral infections, and chronic helminth infections.
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MCA, because KIT activation by its ligand, stem cell factor, can
also trigger MCA and sensitize MCs against IgE-dependent
stimuli.16,17 Indeed, activating mutations in the KIT gene are
commonly detected in patients with SM.47 However, expression
of KIT D816V in MC lines does not necessarily lead to increased
releasability.48 Rather, in some experimental models, KIT
D816V even seems to downregulate MCA.48 Correspondingly,
many patients with SM do not suffer from any MCA-related
events, even if the burden of MCs is high. In addition, there
are patients with SM who suffer from repeated episodes of severe
anaphylaxis and MCAS despite a low burden of neoplastic
MCs.34-37 In other words, the severity of MCAS events does not
necessarily correlate with the burden of MC or tryptase levels in
patients with SM but may depend on other features (variables)



TABLE IV. MCA-related disorders (MCADs), predisposing condi-
tions, and official ICD-10-CM codes

Disorder/condition Abbreviation

ICD-10-CM
code

MCA-related disorders
(MCADs)

Mast cell activation
(disorder), unspecified*

MCA(D)-NOS* D89.40*

Mast cell activation
(syndrome)

MCA(S) D89.40

Monoclonal MCAS MCAS-m D89.41

Idiopathic MCAS MCAS-i D89.42

Secondary/reactive MCAS MCAS-s/r D89.43

Other mast cell activation
disorder(s)*

MCAD D89.49*

Conditions predisposing to
MCA/MCAD

Hereditary alpha
tryptasemia

HaT D89.44

Atopic diathesis Various Various

Hypersensitivity disorders Various Various

IgE-dependent allergies Various Various

IgE-independent
hypersensitivity

Various Various

Intolerance syndromes Various Various

Toxin exposure (poisoning) Various Various

Cutaneous mastocytosis CM D47.01

Childhood-onset cutaneous
mastocytosis

CM Q82.20

Bone marrow mastocytosis BMM D47.02

Indolent systemic
mastocytosis

ISM D47.02

Smoldering systemic
mastocytosis

SSM D47.02

Aggressive systemic
mastocytosis

ASM C96.21

Systemic mastocytosis with
an associated
hematologic neoplasm

SM-AHN D47.02 þ code
for AHN

Mast cell leukemia MCL C94.30

Mast cell sarcoma MCS C96.22

Mastocytoma (of skin) — D47.09

*For these conditions, no validated criteria are available to date; an initial attempt and
proposal to define features and criteria in these conditions is presented in Table V.
However, it should be mentioned that these criteria should not be used in a global
manner to replace MCAS as a diagnosis when MCAS criteria are not fulfilled. Rather,
in such individuals, alternative diagnoses and etiologies must be considered.
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such as the MC maturation stage and/or expression levels of IgE
receptors on MCs.3,14,19,49 Finally, any type of mastocytosis,
including variants of cutaneous mastocytosis and variants of SM,
can predispose to the development of an MCAS, localized MCA
(often in the skin), or another MCAD (Tables III and IV).

More recently, HaT has been described as a new genetic
condition (germline trait) and reported in some cohorts to be
associated with a higher risk of severe mediator-related symptoms
in Hymenoptera-allergic individuals and patients with SM.15,50-
55 Moreover, the HaT carrier status is more prevalent in patients
with SM (15%-20%) compared with the general (otherwise
healthy) population (around 5%).15,54 In most individuals with
HaT, the serum tryptase level is slightly to markedly elevated,
but may in some HaT carriers be within normal range.15,50-56 In
those HaT carriers who are also suffering from SM, the serum
tryptase levels are usually higher than one would expect from the
burden of neoplastic MCs detected by histology in the bone
marrow.54 Whether HaT per se can cause MCA or even MCAS
(in the absence of an allergy and/or mastocytosis) remains un-
certain. HaT carriers do not have increased levels of other MC
mediators, and MCs carrying the HaT genotype do not appear
to be more sensitive to specific IgE-mediated degranulation
in vitro.50 Moreover, most HaT carriers are asymptomatic or
suffer only from mild mediator-induced symptoms, so that based
on existing information, we are of the opinion that HaT per se,
although recently assigned to an ICD-10-CM code (D89.44), is
not likely a complete trigger of MCA or an independent inducer
of MCAD/MCAS events.15,50-56

Table III presents a summary of underlying pathologies,
comorbidities, and conditions predisposing to MCAS and other
MCADs, and Table IV presents a compilation of pathologies and
conditions together with the related ICD-10-CM codes.

Other MCADs: What if MCA is suspected or

documented but MCAS criteria are not met?
In some patients with suspected mediator-induced symp-

toms or symptoms that may resemble MCAS, the full spec-
trum of MCAS criteria cannot be documented at first
presentation although involvement of MCs in disease patho-
genesis appears obvious. For these cases, the provisional diag-
nosis “probable MCAS” may be appropriate. This diagnosis
may then change in follow-up. For example, if a patient with
clinical symptoms of MCAS and a diagnostic increase in
tryptase did not respond to first-line therapy such as antihis-
tamines but did respond to second-line therapy such as an
anti-IgE antibody, the initial diagnosis would be “probable
MCAS” and would change to MCAS when a response to
second-line therapy has been documented.

In other patients (eg, with clinically diagnosed idiopathic
anaphylaxis), symptoms are typical (¼systemic and severe and
recurrent) and an increase in the serum tryptase level (or otherMC
mediators) during an attack can be documented, but the elevation
does not meet the 120% þ 2 ng/mL threshold. In these patients,
the term “MCAD” or “other MCAD” may be appropriate (ICD-
10-CM code D89.49) (Table IV).29 These patients should be
managed and treated in the same way as those withMCAS. In fact,
these patients usually respond to drugs targeting MCA, MC
mediators, or mediator effects in the same way as patients with
MCAS. It is also appropriate to ask for other MC mediators in
these patients. Some of these patients can be reclassified as
suffering from MCAS when tryptase and/or other MC-related
mediators increase substantially during an attack in a subse-
quent investigation.57-60 In some of the patients, the levels of
urinary PGD2 metabolites may increase substantially but serum
tryptase levels increase only slightly. These patients may be clas-
sified as suffering fromMCAS or other MCAD, depending on the
symptomatology and the degree to which the MC mediators in-
crease over the individual’s baseline. For example, a patient with a
massive increase in urinary histamine metabolite and/or PGD2

metabolite (>þ100% ¼ >200% of the individual’s baseline and
above normal range for the assay) and some event-related increase
in serum tryptase could be classified as suffering fromMCAS. The



TABLE V. Diagnostic features of MCA-related disorders (MCADs) that do not fulfill MCAS criteria

MCAD ICD-10-CM code Proposed diagnostic features

MCA/MCAD unspecified* (MCAD NOS) D89.40 A. Clinical and lab-based signs and symptoms of MCA in 1 or more organs, MC
involvement not reconfirmed with certainty, symptoms may be chronic, less
severe, and recurrent, and often involve only 1 organ system*

B. Patients may or may not respond to drugs targeting MCs or MC mediators
C. MCAS criteria are not fulfilled
D. Often inappropriate to explain multisystem symptoms and should not be used as

a primary or final diagnosis

Other MCAD* D89.49 A. Typical clinical symptoms (MCAS-like) affecting 1 or more organ systems
(with or without signs of anaphylaxis)

B. Event-related increase in an MC-specific mediator (substantial increase in
serum tryptase but below the MCAS threshold) or substantial increase in
urinary histamine metabolite or PGD2 metabolite†

C. Response of symptoms to drugs targeting MCA, MC mediators, or mediator
effects (mediator receptors)

D. Criteria to diagnose MCAS are not completely fulfilled (sometimes 1 or 2 of the
3 mandatory MCAS criteria are met)z

E. Often inappropriate to explain multisystem symptoms and should not be used as
a primary or final diagnosis

NOS, Not otherwise specified.
*No robust validated diagnostic criteria are available for these conditions to date. Unspecified or “not otherwise specified (NOS)” means that involvement of the MC lineage in
the signs and symptoms detected cannot be confirmed with certainty. In some of these patients, other cell types (basophils, eosinophils) may be more relevant as disease-
triggering cell type than MCs.
†An increase in histamine metabolite or PGD2 metabolite by at least 50% over the individual’s baseline (total >150% of baseline and value must be above the normal range for
the assay) should qualify as an indication (criterion) of an MCAD (other MCAD).
zIn these patients (2 of 3 MCAS criteria met), the provisional diagnosis “probably MCAS” may sometimes also be justified. For example, if a patient with clinical symptoms of
MCAS and a diagnostic increase in tryptase would not respond to first-line therapy but would respond to second-line therapy, the initial diagnosis could be “other MCAD” or
better “probably MCAS” and would change to definitive MCAS at the time when a response to therapy has been documented.
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minimal diagnostic threshold increase in urinary histamine
metabolite or PGD2 metabolite for an (other) MCAD should be
50% over the individual’s baseline (>150% total). The proposed
thresholds for these urinary biomarkers of MCA are based on
limited available data, and clinical validation studies are thus
needed to support their clinical value in daily practice. Clinical
features and criteria proposed for the group of patients suffering
from “other MCADs” not fulfilling MCAS criteria (ICD-10-CM
code D89.49) are presented in Table V.

In other patients, the clinical symptoms of MCA are less clear
and there is only indication of a local or systemic reaction that
presents some features of MCA but would not qualify as MCAS
criteria.26-29 For example, such patients may exhibit urticaria, with
findings thus compatible with local MCA. In other patients,
symptomsmay bemild and involve only 1 organ, or are not typical
for MCA and MCAS. Examples are isolated gastrointestinal
symptoms (cramping, diarrhea, constipation, food intolerance),
isolated skin symptoms (flushing, pruritus, edema, nondescript
rash), or isolated neurological or psychiatric symptoms (headache,
fatigue, brain fog, depression, seizures, focal neurologic deficits,
psychosis). In most such instances, serum tryptase levels and other
MC-derived mediators do not increase substantially (diagnostic
increase over the individual’s baseline not reached) during a
symptomatic event. Some of these patients may also have typical
signs and symptoms indicative of a localized MCA and related
comorbidities, such as an IgE-mediated rhinoconjunctivitis or
atopic dermatitis, which are common in the general population. In
these patients, the term “MCAD unspecified” is not justified. For
atopic symptoms, we recommend using ICD-10-CM codes spe-
cific for the atopic entity and not using the term “MCAD un-
specified” as an overarching diagnosis. In particular, the certainty
that MCs are indeed responsible for the reported symptoms in
such a patient remains questionable (unconfirmed). Thus, an
“unspecified MCA/MCAD” should not be considered a final
diagnosis but should prompt the physician to search for additional
(more definitive) indications (criteria) of MCA and for diseases in
the differential diagnosis.26-29 Indeed, an “unspecified MCA/
MCAD” may turn out not to be MCA/MCAD in more detailed
investigations. The designated ICD-10-CM code for cases of un-
specified (unconfirmed) MCA/MCAD is D89.40 (Table IV).
Diagnostic clinical features (potential diagnostic criteria) proposed
for these patients are presented in Table V. It should be noted that
it is usually impossible to establish a definitive relationship be-
tween the symptomatology and involvement of MCs in such pa-
tients. Therefore, we are of the opinion that the ICD-10-CM code
for this condition should change to provide a contrast to MCAS,
which, for the moment, has the same code as “MCA/MCAD,
unspecified” (D89.40) (Table IV). All in all, the definitions and
criteria we propose herein provide a scientific basis for addressing
the existing ICD-10-CM codes relating to MC involvement in
pathologic states and create a common language of criteria to be
used for diagnostic subsets of patients to avoid misunderstanding
and misdiagnoses. However, we also note that although this
proposal is an important first step toward a unifying classification
of MCAD (including MCAS), the ICD-10-CM codification and
the definitions and classification of MCAD will need adaptations
in the future based on new insights and more new specific markers
of activation of MCs and other cell types.
PROPOSED GLOBAL CLASSIFICATION OF MCAD

AND PREDISPOSING CONDITIONS
A proposed global classification of MCADs and of predisposing

conditions is presented in Table IV. In this classification, MCAD,
which represents the unifying umbrella term of all MCA-related
conditions, is essentially divided into MCASs, other MCADs,



Clinical features and symptoms
of a mast cell (MC) activation disorder

Ask for:
Anaphylaxis
MCAS criteria
Organs involved
Recurrent event
DD excluded

MC activation disorder = MCAD

All three MCAS 
criteria fulfilled

MCAS criteria not met, but 
MC involvement confirmed

MCAS

Establish the
MCAS variant 

Establish a management plan 

MCAS criteria not met, but 
MC involvement possible

Other MCAD (D89.49)

Describe the
condition

MCA, unspecified = 
MCA NOS (D89.40) DD

Follow up

Primary MCAS (D89.41)
Secondary MCAS (D89.43)
Idiopathic MCAS (D89.42) 

Ask for:
Genetics H T
Atopic diathesis
MC clonality
CM and SM
Allergies
Triggers

Special variants: H T+ MCAS, 
Combined (mixed) MCAS

MCAS criteria not met, MC 
involvement ruled out

Pursue other etiologies
(DD)

FIGURE 1. Proposed diagnostic algorithm for patients with suspected MCADs and MCASs. Not uncommonly, patients may suspect or
have been labeled as having MCAS but have symptoms without clear relation to MCA and do not fulfill MCAS criteria; other etiologies
(differential diagnoses [DD]) are important to explore in these patients. In patients with typical clinical features and symptoms of MCA,
the physician will establish the provisional diagnosis of an MCAD. In addition, the physician will consider signs and symptoms of
anaphylaxis, criteria of MCAS, and potential DD. MCAS is diagnosed when all 3 MCAS criteria are fulfilled: (1) typical (MCA-related)
clinical symptoms; (2) an event-related increase in serum tryptase level; and (3) response to medications directed against MCA or effects
of MC mediators. At that time, the physician will ask for the underlying etiology, contributing conditions (comorbidities), and potential
triggers of MCA, and based on this information, a subtype (variant) of MCAS (defined by the consensus classification and the ICD-10-CM
code) may be diagnosed. When MCAS criteria are not met but signs of MC involvement and MC activation are demonstrable (see
Table V), the diagnosis “other MCAD” (ICD-10-CM code D89.49) may be present; however, this should not be used as a primary or final
diagnosis to explain multisystem symptoms. In these patients, the condition should be described in sufficient detail, and triggering factors
and underlying etiologies (including DD) should be explored. When MCAS criteria are not fulfilled but MC involvement is possible, the
(provisional) diagnosis MC activation, unspecified or MCAD unspecified (MCAD, NOS) (ICD-10-CM code D89.40) may be present, but
this also should not be accepted as a primary or final diagnosis to explain multisystem symptoms. In these cases, it is usually difficult or
impossible to define the impact of MCs, and in many cases, an in-depth analysis of markers and symptoms in the follow-up will reveal the
presence of an unrelated disease. Therefore, it is of crucial importance to search for DDs in these cases. Finally, in all groups of patients, a
management plan should be established. NOS, Not otherwise specified.
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and unspecified MCA (MCAD, unspecified or not further
specified ¼ NOS). MCASs in turn are split into several variants
depending on the underlying (known) etiology (Table II).
Although in all MCAS variants, all 3 MCAS consensus criteria
must be fulfilled, this is not the case in other MCADs and in cases
with unspecified MCA/MCAD (Tables II and V).21-29 In “other
MCAD,” definitive signs and symptoms of MCA and thus evi-
dence of MC involvement have been documented (Table V). In
contrast, in patients with unspecified MCAD (MCAD, NOS),
MC involvement may be suspected, but an MC disorder is not
present (Table V). The proposed global classification of MCAD is
in line with a proposed refined classification of all MC disorders
recently published by our consensus group.29
PROPOSED DIAGNOSTIC ALGORITHM FOR

PATIENTS WITH SUSPECTED MCAD

Figure 1 provides a diagnostic algorithm for patients with
suspected MCAD and a related classification of MCADs. In this
classification, MCAD serves as an umbrella term for all
conditions (possibly or definitively) related to MCA, and all these
conditions are labeled with the term MCAD or MCAS (MCAS
being a special form of MCAD). In patients with typical clinical
features and symptoms of MCA, a provisional diagnosis of an
MCAD will be established (Figure 1). In addition, the physician
will ask for signs and symptoms of anaphylaxis, criteria of
MCAS, and potential differential diagnoses. The presence (or
clinical suspicion) of anaphylaxis increases the likelihood that the
patient is suffering from MCAS. When all 3 MCAS criteria are
fulfilled (Table I), the diagnosis of MCAS can be established. At
the same time (first referral) or shortly thereafter, the physician
will also ask for the underlying etiology, contributing conditions
(comorbidities), and potential triggers of MCA (Table II). Based
on this information, the MCAS variant defined by the consensus
classification (and ICD-10-CM code) will be established
(Figure 1). As presented in Table IV, the diagnosis “other
MCAD” (ICD-10 CM code D89.49) entails a suspected MC
disorder in which criteria to diagnose MCAS (as presented in
Table I) are not completely fulfilled. In such patients, presence of
an MC disorder is not corroborated with certainty; this diagnosis
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should not be used routinely in patients with multisystem
symptoms and a lack of confirmatory criteria.28 The diagnosis
“MCA/MCAD, unspecified,” ¼ MCAD, NOS (ICD-10-CM
code D89.40) entails a suspected MC disorder, but with no
evidence of MC involvement based on clinical signs or symptoms
or documented via laboratory evaluation. Such patients do not
exhibit a salutary response to drugs targeting MCs or MC me-
diators. In these patients, MCAS criteria are not fulfilled, and
presence of an MC disorder is not confirmed.28 It is of utmost
importance to search for differential diagnoses for cases in which
MCAS is suspected but MCAS criteria are not completely ful-
filled (Figure 1).

DIFFERENTIAL DIAGNOSES TO MCAD AND MCAS
There are a number of differential diagnoses to consider when

examining a patient with suspected MCAS.3,21-28 These are often
disorders that can mimic various symptoms of anaphylaxis with
severe hypotension.3,21-28 Differential diagnoses include, among
others, cardiovascular disorders, dehydration, septicemia, acute
bleeding, intoxications, dysautonomia, anxiety and somatoform
disorders, and psychiatric conditions. In contrast, differential di-
agnoses to “other MCAD” or “unspecified MCA/MCAD” are
many more because the spectrum of symptoms is much broader
(because symptoms are less severe, less specific, and often local
and/or not confirmed). In fact, in these patients, differential di-
agnoses include, among others, skin diseases presenting with ur-
ticarial lesions, gastrointestinal disorders, food intolerances or
aversions, chronic inflammatory (rheumatic) disorders, acute or
chronic infections, endocrinologic diseases, joint diseases, intoxi-
cation, neurologic diseases, poisoning, drug side effects, psycho-
logical and psychiatric conditions, and more.26,28 Alternative
diagnostic criteria for MCAS have also been proposed,61 but these
criteria are much broader, less specific, and lack validation.
Overdiagnosis of MCAS entails the risk for an underlying disorder
unrelated to MCAS being present and a delay in establishing this
diagnosis of an unrelated disease.62 In a substantial number of
patients, the etiology will remain unclear until all relevant labo-
ratory parameters have been collected or the patient exhibits
additional signs and symptoms during longitudinal follow-up.

CONCLUDING REMARKS AND FUTURE

PERSPECTIVES
We here propose a global classification for MCA-related con-

ditions and disorders, including conditions predisposing to MCA.
Predisposing conditions and pathologies include, among others,
HaT, mastocytosis, atopic states, and overt allergies. Overt
MCADs can be divided into MCASs, other MCADs, and un-
specified MCA-like conditions, also referred to as unspecified
MCA/MCAD or MCAD NOS. A diagnosis of MCAS requires
fulfillment of all diagnostic consensus MCAS criteria; in other
MCA-related or MCA-like conditions, MCAS criteria are not
fulfilled. Still, such patients require attention, special treatment,
and personalized medicine approaches. In many of the patients
with suspected MCA or MCAS, other disorders may be diag-
nosed. Therefore, it is of great importance to consider differential
diagnoses in these cases.

REFERENCES

1. Metcalfe DD. Mast cells and mastocytosis. Blood 2008;112:946-56.
2. Galli SJ, Tsai M. IgE and mast cells in allergic disease. Nat Med 2012;18:

693-704.
3. Theoharides TC, Valent P, Akin C. Mast cells, mastocytosis, and related dis-
orders. N Engl J Med 2015;373:163-72.

4. Mukai K, Tsai M, Saito H, Galli SJ. Mast cells as sources of cytokines, che-
mokines, and growth factors. Immunol Rev 2018;282:121-50.

5. Valent P, Akin C, Hartmann K, Nilsson G, Reiter A, Hermine O, et al. Mast
cells as a unique hematopoietic lineage and cell system: from Paul Ehrlich’s
visions to precision medicine concepts. Theranostics 2020;10:10743-68.

6. Galli SJ, Gaudenzio N, Tsai M. Mast cells in inflammation and disease: recent
progress and ongoing concerns. Annu Rev Immunol 2020;38:49-77.

7. Schwartz LB, Metcalfe DD, Miller JS, Earl H, Sullivan T. Tryptase levels as an
indicator of mast-cell activation in systemic anaphylaxis and mastocytosis.
N Engl J Med 1987;316:1622-6.

8. Schwartz LB, Sakai K, Bradford TR, Ren S, Zweiman B, Worobec AS, et al.
The alpha form of human tryptase is the predominant type present in blood at
baseline in normal subjects and is elevated in those with systemic mastocytosis.
J Clin Invest 1995;96:2702-10.

9. Falcone FH, Knol EF, Gibbs BF. The role of basophils in the pathogenesis of
allergic disease. Clin Exp Allergy 2011;41:939-47.

10. Reber LL, Marichal T, Mukai K, Kita Y, Tokuoka SM, Roers A, et al. Selective
ablation of mast cells or basophils reduces peanut-induced anaphylaxis in mice.
J Allergy Clin Immunol 2013;132:881-888.e1-11.

11. Peavy RD, Metcalfe DD. Understanding the mechanisms of anaphylaxis. Curr
Opin Allergy Clin Immunol 2008;8:310-5.

12. Metcalfe DD, Peavy RD, Gilfillan AM. Mechanisms of mast cell signaling in
anaphylaxis. J Allergy Clin Immunol 2009;124:639-46.

13. Kalesnikoff J, Galli SJ. Anaphylaxis: mechanisms of mast cell activation. Chem
Immunol Allergy 2010;95:45-66.

14. Valent P. Risk factors and management of severe life-threatening anaphylaxis in
patients with clonal mast cell disorders. Clin Exp Allergy 2014;44:914-20.

15. Lyons JJ, Chovanec J, O’Connell MP, Liu Y, �Selb J, Zanotti R, et al. Heritable
risk for severe anaphylaxis associated with increased alpha-tryptase-encoding
germline copy number at TPSAB1. J Allergy Clin Immunol 2021;147:622-32.

16. Bischoff SC, Dahinden CA. c-kit ligand: a unique potentiator of mediator
release by human lung mast cells. J Exp Med 1992;175:237-44.

17. Sperr WR, Czerwenka K, Mundigler G, Müller MR, Semper H, Klappacher G,
et al. Specific activation of human mast cells by the ligand for c-kit: comparison
between lung, uterus and heart mast cells. Int Arch Allergy Immunol 1993;102:
170-5.

18. Reber LL, Hernandez JD, Galli SJ. The pathophysiology of anaphylaxis.
J Allergy Clin Immunol 2017;140:335-48.

19. Valenta R, Karaulov A, Niederberger V, Gattinger P, van Hage M, Flicker S,
et al. Molecular aspects of allergens and allergy. Adv Immunol 2018;138:
195-256.

20. Sprinzl B, Greiner G, Uyanik G, Arock M, Haferlach T, Sperr WR, et al. Ge-
netic regulation of tryptase production and clinical impact: hereditary alpha
tryptasemia, mastocytosis and beyond. Int J Mol Sci 2021;22:2458.

21. Akin C, Valent P, Metcalfe DD. Mast cell activation syndrome: proposed
diagnostic criteria. J Allergy Clin Immunol 2010;126:1099-104.

22. Valent P, Horny HP, Triggiani M, Arock M. Clinical and laboratory parameters
of mast cell activation as basis for the formulation of diagnostic criteria. Int Arch
Allergy Immunol 2011;156:119-27.

23. Hamilton MJ, Hornick JL, Akin C, Castells MC, Greenberger NJ. Mast cell
activation syndrome: a newly recognized disorder with systemic clinical man-
ifestations. J Allergy Clin Immunol 2011;128:147-152.e2.

24. Valent P, Akin C, Arock M, Brockow K, Butterfield JH, Carter MC, et al.
Definitions, criteria and global classification of mast cell disorders with special
reference to mast cell activation syndromes: a consensus proposal. Int Arch
Allergy Immunol 2012;157:215-25.

25. Valent P. Mast cell activation syndromes: definition and classification. Allergy
2013;68:417-24.

26. Valent P, Akin C, Bonadonna P, Hartmann K, Brockow K, Niedoszytko M,
et al. Proposed diagnostic algorithm for patients with suspected mast cell acti-
vation syndrome. J Allergy Clin Immunol Pract 2019;7:1125-11233.e1.

27. Valent P, Bonadonna P, Hartmann K, Broesby-Olsen S, Brockow K,
Butterfield JH, et al. Why the 20% þ 2 tryptase formula is a diagnostic gold
standard for severe systemic mast cell activation and mast cell activation syn-
drome. Int Arch Allergy Immunol 2019;180:44-51.

28. Gülen T, Akin C, Bonadonna P, Siebenhaar F, Broesby-Olsen S, Brockow K,
et al. Selecting the right criteria and proper classification to diagnose mast cell
activation syndromes: a critical review. J Allergy Clin Immunol Pract 2021;9:
3918-28.

29. Valent P, Akin C, Hartmann K, Alvarez-Twose I, Brockow K, Hermine O, et al.
Refined diagnostic criteria and classification of mast cell disorders: a consensus
proposal. HemaSphere 2021;5:e646.

http://refhub.elsevier.com/S2213-2198(22)00493-7/sref1
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref2
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref2
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref3
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref3
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref4
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref4
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref5
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref5
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref5
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref6
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref6
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref7
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref7
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref7
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref8
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref8
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref8
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref8
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref9
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref9
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref10
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref10
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref10
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref11
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref11
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref12
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref12
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref13
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref13
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref14
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref14
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref15
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref15
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref15
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref15
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref16
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref16
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref17
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref17
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref17
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref17
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref18
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref18
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref19
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref19
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref19
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref20
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref20
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref20
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref21
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref21
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref22
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref22
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref22
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref23
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref23
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref23
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref24
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref24
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref24
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref24
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref25
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref25
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref26
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref26
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref26
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref27
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref27
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref27
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref27
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref27
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref28
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref28
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref28
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref28
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref29
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref29
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref29


J ALLERGY CLIN IMMUNOL PRACT
AUGUST 2022

1950 VALENT ETAL
30. Akin C, Scott LM, Kocabas CN, Kushnir-Sukhov N, Brittain E, Noel P, et al.
Demonstration of an aberrant mast-cell population with clonal markers in a
subset of patients with “idiopathic” anaphylaxis. Blood 2007;110:2331-3.

31. Sonneck K, Florian S, Müllauer L, Wimazal F, Födinger M, Sperr WR, et al.
Diagnostic and subdiagnostic accumulation of mast cells in the bone marrow of
patients with anaphylaxis: monoclonal mast cell activation syndrome. Int Arch
Allergy Immunol 2007;142:158-64.

32. Valent P, Akin C, Gleixner KV, Sperr WR, Reiter A, Arock M, et al. Multi-
disciplinary challenges in mastocytosis and how to address with personalized
medicine approaches. Int J Mol Sci 2019;20:2976.

33. Valent P, Akin C, Nedoszytko B, Bonadonna P, Hartmann K, Niedoszytko M,
et al. Diagnosis, classification and management of mast cell activation syndromes
(MCAS) in the era of personalized medicine. Int J Mol Sci 2020;21:9030.

34. Bonadonna P, Perbellini O, Passalacqua G, Caruso B, Colarossi S, Dal Fior D,
et al. Clonal mast cell disorders in patients with systemic reactions to Hyme-
noptera stings and increased serum tryptase levels. J Allergy Clin Immunol
2009;123:680-6.

35. Alvarez-Twose I, Zanotti R, González-de-Olano D, Bonadonna P, Vega A,
Matito A, et al. Nonaggressive systemic mastocytosis (SM) without skin lesions
associated with insect-induced anaphylaxis shows unique features versus other
indolent SM. J Allergy Clin Immunol 2014;133:520-8.

36. Bonadonna P, Bonifacio M, Lombardo C, Zanotti R. Hymenoptera allergy and
mast cell activation syndromes. Curr Allergy Asthma Rep 2016;16:5.

37. Oude Elberink JN, de Monchy JG, Kors JW, van Doormaal JJ, Dubois AE.
Fatal anaphylaxis after a yellow jacket sting, despite venom immunotherapy, in
two patients with mastocytosis. J Allergy Clin Immunol 1997;99:153-4.

38. Bonadonna P, Zanotti R, Caruso B, Castellani L, Perbellini O, Colarossi S, et al.
Allergen specific immunotherapy is safe and effective in patients with systemic
mastocytosis and Hymenoptera allergy. J Allergy Clin Immunol 2008;121:256-7.

39. Bonadonna P, Gonzalez-de-Olano D, Zanotti R, Riccio A, De Ferrari L,
Lombardo C, et al. Venom immunotherapy in patients with clonal mast cell
disorders: efficacy, safety, and practical considerations. J Allergy Clin Immunol
Pract 2013;1:474-8.

40. Niedoszytko M, Bonadonna P, Oude Elberink JN, Golden DB. Epidemiology,
diagnosis, and treatment of Hymenoptera venom allergy in mastocytosis pa-
tients. Immunol Allergy Clin North Am 2014;34:365-81.

41. Castells M, Butterfield J. Mast cell activation syndrome and mastocytosis: initial
treatment options and long-term management. J Allergy Clin Immunol Pract
2019;7:1097-106.

42. Lemal R, Fouquet G, Terriou L, Vaes M, Livideanu CB, Frenzel L, et al.
Omalizumab therapy for mast cell-mediator symptoms in patients with ISM,
CM, MMAS, and MCAS. J Allergy Clin Immunol Pract 2019;7:2387-2395.e3.

43. Constantine GM, Bressler PB, Petroni D, Metcalfe DD, Carter MC. Twelve-
year follow-up of omalizumab therapy for anaphylaxis in 2 patients with sys-
temic mastocytosis. J Allergy Clin Immunol Pract 2019;7:1314-6.

44. Gülen T, Akin C. Anaphylaxis and mast cell disorders. Immunol Allergy Clin
North Am 2022;42:45-63.

45. Broesby-Olsen S, Vestergaard H, Mortz CG, Jensen B, Havelund T,
Hermann AP, et al. Omalizumab prevents anaphylaxis and improves symptoms
in systemic mastocytosis: efficacy and safety observations. Mastocytosis Centre
Odense University Hospital (MastOUH). Allergy 2018;73:230-8.
46. Abajian M, Młynek A, Maurer M. Physical urticaria. Curr Allergy Asthma Rep
2012;12:281-7.

47. Arock M, Sotlar K, Akin C, Broesby-Olsen S, Hoermann G, Escribano L, et al.
KIT mutation analysis in mast cell neoplasms: recommendations of the Euro-
pean Competence Network on Mastocytosis. Leukemia 2015;29:1223-32.

48. Saleh R, Wedeh G, Herrmann H, Bibi S, Cerny-Reiterer S, Sadovnik I, et al.
A new human mast cell line expressing a functional IgE receptor converts to
tumorigenic growth by KIT D816V transfection. Blood 2014;124:111-20.

49. Teodosio C, García-Montero AC, Jara-Acevedo M, Alvarez-Twose I, Sánchez-
Muñoz L, Almeida J, et al. An immature immunophenotype of bone marrow
mast cells predicts for multilineage D816V KIT mutation in systemic masto-
cytosis. Leukemia 2012;26:951-8.

50. Lyons JJ, Yu X, Hughes JD, Le QT, Jamil A, Bai Y, et al. Elevated basal serum
tryptase identifies a multisystem disorder associated with increased TPSAB1
copy number. Nat Genet 2016;48:1564-9.

51. Lyons JJ, Stotz SC, Chovanec J, Liu Y, Lewis KL, Nelson C, et al. A common
haplotype containing functional CACNA1H variants is frequently coinherited
with increased TPSAB1 copy number. Genet Med 2018;20:503-12.

52. Sabato V, Chovanec J, Faber M, Milner JD, Ebo D, Lyons JJ. First identification
of an inherited TPSAB1 quintuplication in a patient with clonal mast cell dis-
ease. J Clin Immunol 2018;38:457-9.

53. O’Connell MP, Lyons JJ. Hymenoptera venom-induced anaphylaxis and he-
reditary alpha-tryptasemia. Curr Opin Allergy Clin Immunol 2020;20:431-7.

54. Greiner G, Sprinzl B, Górska A, Ratzinger F, Gurbisz M, Witzeneder N, et al.
Hereditary a tryptasemia is a valid genetic biomarker for severe mediator-
related symptoms in mastocytosis. Blood 2021;137:238-47.

55. �Selb J, Rijavec M, Er�zen R, Zidarn M, Kopa�c P, �Skerget M, et al. Routine KIT
p.D816V screening identifies clonal mast cell disease in patients with Hyme-
noptera allergy regularly missed using baseline tryptase levels alone. J Allergy
Clin Immunol 2021;148:621-626.e7.

56. Chollet MB, Akin C. Hereditary alpha tryptasemia is not associated with spe-
cific clinical phenotypes. J Allergy Clin Immunol 2022;149:728-735.e2.

57. Watkins J, Wild G. Improved diagnosis of anaphylactoid reactions by mea-
surement of serum tryptase and urinary methylhistamine. Ann Fr Anesth
Reanim 1993;12:169-72.

58. Awad JA, Morrow JD, Roberts LJ. Detection of the major urinary metabolite of
prostaglandin D2 in the circulation: demonstration of elevated levels in patients
with disorders of systemic mast cell activation. J Allergy Clin Immunol 1994;
93:817-24.

59. Ono E, Taniguchi M, Mita H, Akiyama K. Salicylamide-induced anaphylaxis:
increased urinary leukotriene E4 and prostaglandin D2 metabolite. Allergy
2008;63:480-2.

60. Ravi A, Butterfield J, Weiler CR. Mast cell activation syndrome: improved
identification by combined determinations of serum tryptase and 24-hour urine
11b-prostaglandin2a. J Allergy Clin Immunol Pract 2014;2:775-8.

61. Afrin LB, Ackerley MB, Bluestein LS, Brewer JH, Brook JB, Buchanan AD,
et al. Diagnosis of mast cell activation syndrome: a global consensus-2. Diag-
nosis (Berl) 2020;8:137-52.

62. Valent P, Akin C. Doctor, I think I am suffering from MCAS: differential
diagnosis and separating facts from fiction. J Allergy Clin Immunol Pract 2019;
7:1109-14.

http://refhub.elsevier.com/S2213-2198(22)00493-7/sref30
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref30
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref30
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref31
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref31
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref31
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref31
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref32
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref32
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref32
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref33
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref33
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref33
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref34
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref34
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref34
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref34
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref35
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref35
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref35
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref35
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref36
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref36
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref37
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref37
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref37
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref38
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref38
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref38
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref39
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref39
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref39
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref39
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref40
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref40
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref40
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref41
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref41
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref41
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref42
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref42
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref42
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref43
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref43
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref43
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref44
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref44
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref45
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref45
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref45
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref45
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref46
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref46
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref47
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref47
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref47
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref48
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref48
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref48
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref49
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref49
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref49
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref49
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref50
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref50
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref50
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref51
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref51
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref51
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref52
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref52
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref52
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref53
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref53
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref54
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref54
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref54
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref55
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref55
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref55
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref55
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref55
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref55
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref55
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref56
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref56
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref57
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref57
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref57
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref58
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref58
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref58
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref58
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref59
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref59
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref59
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref60
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref60
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref60
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref61
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref61
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref61
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref62
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref62
http://refhub.elsevier.com/S2213-2198(22)00493-7/sref62

	Global Classification of Mast Cell Activation Disorders: An ICD-10-CM–Adjusted Proposal of the ECNM-AIM Consortium
	Introduction
	Diagnostic Criteria and Classification of MCAS
	Predisposing Conditions and Pathologies THAT may Contribute to the Etiology and Manifestation of MCAS and other MCADs
	Other MCADs: What if MCA is suspected or documented but MCAS criteria are not met?

	Proposed Global Classification of MCAD and Predisposing Conditions
	Proposed Diagnostic Algorithm for Patients With Suspected MCAD
	Differential Diagnoses to MCAD and MCAS
	Concluding Remarks and Future Perspectives
	References


