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ABSTRACT 
 

First recognized in 1991 and finally termed such in 2007,   “mast cell activation 
syndrome”  (MCAS)  is  a  large,  likely  quite  prevalent  collection  of  illnesses  resulting  from  
MCs which have been inappropriately activated but which, in contrast to the rare 
“mastocytosis,”   are   not   proliferating, or otherwise accumulating, to any significant 
extent. Due to the marked diversity of direct and indirect, local and remote biological 
effects caused by the plethora of mediators released by MCs, MCAS typically presents as 
chronic, persistent or recurrent, waxing and waning or slowly progressive multisystem 
polymorbidity generally, but not necessarily, of an inflammatory theme. Suspected to be 
of clonal origin in most cases, MCAS usually is acquired relatively early in life via 
unknown mechanisms; interaction of environmental factors with inheritable risk factors is 
one possibility. Initial manifestations often occur in childhood or adolescence but are 
non-specific; in fact,   virtually   all   of   the   syndrome’s   manifestations   are   non-specific, 
leading to decades of mysterious illness (and incorrect diagnoses often poorly responsive 
to empiric therapies) prior to diagnosis. A large menagerie of mutations in MC regulatory 
elements has been found in MCAS patients; most patients appear to have multiple such 
mutations, with no clear patterns, or genotype-phenotype correlations, yet apparent. Such 
mutational heterogeneity likely drives the heterogeneity of aberrant MC mediator 
expression, in turn causing the extreme heterogeneity of clinical presentation. Different 
MCAS patients can present with polar opposite clinical aberrancies. All   of   the   body’s  
systems can be affected by MCAS. In addition to clinical heterogeneity, diagnosis is 
confounded by difficulty not only in detecting sensitive and specific biomarkers of 
primary MC disease but also in finding histologic evidence of a non-proliferative disease 
wrought by cells capable of great pleomorphism. For example, in contrast to proliferative 
mastocytosis which usually drives significantly elevated tryptase levels, relatively non-
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proliferative MCAS usually presents with normal tryptase levels; instead, histamine, MC-
specific prostaglandins, and other mediators need to be assessed in evaluations for 
MCAS. Although the World Health Organization 2008 classification scheme for 
myeloproliferative neoplasms does not recognize MCAS, proposals for diagnostic criteria 
have been published recently and generally require presence of symptoms consistent with 
chronic/recurrent aberrant MC mediator release, laboratory evidence of such release (or 
of mast cell proliferation not meeting WHO criteria for systemic mastocytosis), absence 
of any other evident disease which could better explain the full range of findings in the 
patient, and, ideally but not necessarily, at least partial response to therapy targeted 
against MCs or MC mediators. Systemic MC disease of any form is not presently curable. 
Therapies for MCAS generally aim to control and ameliorate the disease by inhibiting 
aberrant mediator production and release, blocking released mediators, and/or managing 
the consequences of aberrantly released mediators. Many such therapies are available. 
Although there presently is no method to predict which set of therapies will best control 
the  individual  patient’s  disease,  a  methodical,  persistent,  trial-and-error approach usually 
succeeds in finding significantly helpful therapy. Lifespan for most MCAS patients 
appears normal, but quality of life can be mildly to severely impaired absent correct 
diagnosis and effective treatment. 
 
 

INTRODUCTION: A NEW CONCEPTUALIZATION OF THE  
SPECTRUM AND PREVALENCE OF MAST CELL DISEASE 

 
Nearly 150 years ago, German pathologist Friedrich von Recklinghausen was the first to 

describe mast cells (MCs), reporting in 1863 the observation of these granular cells in frog 
mesenteries. [1] In 1875 German anatomist Wilhelm Waldeyer reported finding mast cells in 
a tissue spread of rat dura mater and named these  cells   “embryonal”  or   “plasma”  cells [2]. 
Two  years  later  Waldeyer’s  medical student, Paul Ehrlich, described in his dissertation [3] the 
discovery in human connective tissues of these same cells, which he termed mastzellen, or 
well-nourished cells, due to their rich granular content evident from unique metachromatic 
staining properties with aniline-positive dyes. This work contributed to Ehrlich being awarded 
the 1908 Nobel Prize in Medicine. [4] 

Meanwhile, from the clinical perspective, English dermatologist Edward Nettleship and 
English ophthalmologist Warren Tay described in the British Medical Journal in 1869 a rare 
urticarial skin disease, a symmetric distribution of pigmented maculopapular lesions [5]. A 
decade later this disease was termed urticaria pigmentosa (UP) by another London 
dermatologist, Alfred Sangster [6], and another decade later German dermatologist Paul 
Gerson Unna was the first to associate MCs with human disease, noting the presence of these 
cells in the lesions of UP. [7] Yet a further six decades passed before, in 1949, Oakland, 
California county hospital pathologist John M. Ellis first associated MCs with internal disease 
in an autopsy finding multi-organ involvement in a 1-year-old child who died of cachexia, 
thereby initially defining systemic mastocytosis (SM). [8] This breakthrough was followed in 
1957 with the first report, by Israeli hematologists Pinhas Efrati, Abraham Klajman, and H. 
Spitz, of a clear case of the most aggressive form of SM, mast cell leukemia (MCL). [9] 

Identification of MC products began in 1937 with the discovery by Swedish workers J. 
Erik Jorpes, Hjalmar Holmgren, and Olof Wilander that the metachromasia of mast cell 
granules is due to heparin. [10, 11] This work was followed in 1953 by the finding in MCs of 
“unprecedented”   histamine content by Scottish radiotherapist James F. Riley. [12, 13] 
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Through the remainder of the Twentieth Century there continued to evolve the modern 
understanding of not only the hematopoietic origin of the normally widely, sparsely 
distributed MC but also its fundamental function, namely, to produce and release a wide 
range of molecular signals, generally termed MC mediators, which contribute to the 
homeostasis of all cells, organs, tissues, and systems in the body. In 1987 Vanderbilt 
allergist/immunologist Lawrence Schwartz and colleagues defined tryptase as a highly 
sensitive and specific marker for mast cell activation in mastocytosis. [14] In time, the 
enormous complexity of the biology of tryptase in its many isoforms would become more 
apparent [15], and it also would become more apparent that serum tryptase levels reflect the 
total body load of MCs far more than their activation state. [16, 17] 

Molecular genetic insights began emerging in 1993 with Furitsu et al.’s  identification of 
the D816V activating mutation of the KIT transmembrane tyrosine kinase receptor (CD117). 
[18] This mutation later was proved to be present in most adult SM. [19, 20] Moreover, in 
1998 Spanish hematologists Luis Escribano and Alberto Orfao and their team showed that the 
MCs in many cases of SM, unlike any known normal cells, co-express the aberrant doublet 
CD117/CD25 or CD117/CD2, or sometimes even the aberrant triplet CD117/CD25/CD2. 
[21] In 1994 insights began emerging that the accumulation of MCs in mastocytosis may be 
due more to KIT’s  effect  on  anti-apoptosis than frank proliferation [22, 23], and in the last 
decade this dominance of anti-apoptosis through other factors, too, has been clarified by 
Gunnar  Nilsson’s  team  at  the  Karolinska  Institute  [24,  25,  26,  27,  28,  29,  30]  and  others  (as  
summarized in [31]). 

For nearly a century after  Unna’s  first  association  of  mast  cells with a pathological state, 
mast cell disease (cutaneous or systemic) was thought to be a disorder of mast cell 
proliferation with further consequences from aberrant mediator release. In 1991, though, their 
clinical observations led pharmacologists John Oates and Jack Roberts of Vanderbilt 
University to hypothesize the existence of a spectrum of disorders of MC mediator release 
(i.e., MC activation)   with   little   to   no   proliferation.   [32]   Evidence   for   such   “mast   cell  
activation  disease”   continued   to   accrue,   and   the   year  2007   saw   the   first   descriptions   in   the  
literature   of   “monoclonal  mast   cell   activation   syndrome”   [33,   34],   shortly   followed by the 
first formal proposal for diagnostic criteria. [35] 

In 2007 – coincidentally at the University of Bonn, where Friedrich von Recklinghausen 
had begun his medical schooling 155 years earlier – critical insights into the causes of the 
marked clinical heterogeneity of relatively non-proliferative mast cell activation disease were 
provided by German pharmacologist/geneticist Gerhard Molderings and colleagues. [36] 
Their finding of a large array of mutations in the mRNA for  MC  KIT   (the  MC’s  principal  
regulatory element) in a cohort of MCAS patients was extended further in a follow-on paper 
in 2010. [37] Given that the range of KIT mutations for which commercial testing is available 
is  still  very  limited,   these  findings  raise   the  question  of  whether  “non-monoclonal mast cell 
activation syndrome”  (a.k.a.  “primary  idiopathic mast  cell  activation  syndrome”  [38])  might  
be  more  accurately  termed  “mast  cell  activation  syndrome  of  undetermined  clonality.”  Once  
whole KIT sequencing becomes commercially available, it will be an early order of research 
business to determine whether the findings by Molderings et al. apply to the general MCAS 
population. 

In 2007 Valent et al. reported the curious affair of two patients who suffered severe 
hypotension following bee or wasp stings but who had normal tryptase levels and no 
cutaneous or marrow mastocytosis. However, one patient had one of the minor (clonal) 
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criteria for SM, and the other had two of the minor (clonal) criteria. They proposed defining 
such  patients  as  having  a  “monoclonal  mast  cell  activation  syndrome.”  [39]   

At the end of 2010 mast cell researchers Cem Akin (Harvard), Peter Valent (Vienna), and 
Dean Metcalfe (U.S. National Institutes of Health) published an updated proposal for 
diagnostic criteria for MCAS. [40] Akin et al. proposed a fundamentally new conceptual-
ization that all mast cell disease first and foremost manifests aberrant mast cell activation, 
thus  engendering  a  new  “top-level”  designation  of  “mast  cell  activation  disease”  (MCAD)  to  
describe the full range of pathologic mast cell states. The proliferative (and rare) diseases of 
cutaneous and systemic mastocytosis would comprise one element of MCAD, while the 
(increasingly apparently quite prevalent) various forms of the relatively non-proliferative 
mast cell activation syndrome (MCAS) would comprise the other principal element of 
MCAD. Akin et al. further ventured that a diagnosis of MCAS would be permitted if the 
patient demonstrated repeated episodes consistent with aberrant mast cell mediator release, 
laboratory evidence of such release, absence of any other diseases better fitting the entirety of 
the clinical picture, and demonstration of at least partial response to therapy targeted at MCs 
or MC mediators. However, it almost immediately became evident that the mutational 
heterogeneity of MCAS leads to heterogeneity of not only clinical presentation but also 
therapeutic responsiveness, rendering the criterion for therapeutic response somewhat 
impractical. [41] Valent et al. released an updated proposal for diagnostic criteria for MCAS 
only a year later in which the requirement for therapeutic response was relaxed (i.e., desirable 
but not necessary). [42] Given the paucity of highly sensitive and specific markers for mast 
cell disease and the challenges in finding aberrant expression of even those few markers, 
Valent et al. also proposed a new way to interpret the serum tryptase level. The serum 
tryptase level, long a staple in diagnosing SM, is virtually always elevated little to none in 
MCAS, likely due to the relative dearth of MC proliferation in MCAS. Valent et al. thus 
proposed serum tryptase would now be a marker for MCAS if it rose during a symptomatic 
attack by at least 20% over the baseline value plus an additional 2 ng/ml. However, it was 
acknowledged in this proposal that this formula was empiric, that only 80% of the authors had 
agreed with this element of the proposal, and that validation would be necessary – and which 
at the time of this writing remains unavailable. 

Thus, after roughly one and a half centuries of learning – and teaching successive 
generations of physicians – that mast cell disease is a rare, proliferative process called 
mastocytosis, in merely the last five years it has become readily apparent that SM is but the 
tip of the proverbial iceberg of mast cell disease, with the far more common, relatively non-
proliferative MCAS comprising the large bulk of the iceberg, largely unseen/unrecognized for 
many reasons to be reviewed below. Much research in mast cell biology and disease remains 
to be done – a challenge at least equaled by the now apparent need to educate the medical 
community regarding this new conceptualization of mast cell disease. 

 
 

CLINICAL PRESENTATION OF MAST CELL ACTIVATION SYNDROME 
 
Until 2007, our understanding of the molecular genetic roots of SM was relatively 

simple: most cases (more than 90%) appeared to be driven by any one of a small set of 
mutations clustered, for the most part, around KIT codon 816,  site  of  one  of   the  molecule’s  
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two kinase (i.e., activating) domains framing the actual enzymatic site. [43] Most mutations 
in this region seem to cause constitutive activation of the KIT protein. Thus, binding of ligand 
(stem cell factor) is no longer needed to activate the multiple pathways downstream from KIT 
which can result in reproduction, anti-apoptosis (which has turned out to be the dominant 
manner of mast cell accumulation in mastocytosis), differentiation, and mediator production 
and release. [44] 

Poorly explained by this relatively small array of mutations, though, was the marked 
clinical heterogeneity of mastocytosis. To be sure, certain remarkable features which had long 
been the clinical hallmarks of mastocytosis – e.g., idiopathic anaphylaxis, odd and copious 
allergies, spontaneous flushing, vasomotor instability, diffusely migratory rashes and edema – 
were present in most cases, but many other symptoms and findings were noted, too, with little 
consistency across this patient population. 

In 2007 the seminal findings of Molderings et al. [36] revealed the likely answer for this 
heterogeneity: a much wider array of (presumably activating) mutations, scattered across all 
domains of KIT, was detectable by whole KIT mRNA sequencing in most MCAS patients. In 
fact, many patients appeared to bear in KIT not just one mutation but in fact multiple 
mutations. These findings were repeated and extended by Molderings et al. in 2010 [37], and 
other groups simultaneously were identifying activating mutations in other mast cell 
regulatory elements, too. By 2011 it was readily apparent that the chronic myeloproliferative 
neoplasms (including mast cell diseases) often bear multiple mutations in the regulatory 
elements in the neoplastic stem cells, with evolving genomic disruption often heralding 
clinical progression. [37, 45, 46] 

Over the last 70 years our understanding of mast cells’  mediator  content  has  dramatically  
evolved, too. From a time when the known and possible mast cell mediators numbered a mere 
handful, the body of research to date has identified that in truth mast cells produce and release 
scores of mediators; modern estimates range from more than 60 [41] to more than 200 [47], 
many   of   remarkable   potency.   Given   the   mast   cell’s   fundamental   role   as   a   vehicle   for  
production and release of these mediators, it is not surprising that mutations in   the   cell’s  
regulatory elements lead to aberrancies in such production and release. Although most of 
these mutations investigated to date appear to cause constitutive MC activation leading to 
increased mediator production and release [48], loss-of-function mutations could be 
pathologic as well. As all MC mediators are intimately involved in various aspects of 
homeostasis of  all  of  the  body’s  cells,  tissues,  organs, and systems, it should not be surprising 
that either too great or too little production and release of any given mediator likely will have 
consequences, first at the cellular level and ultimately at the clinical level. 

Thus, with any one mutation likely resulting in aberrant production and release of many 
MC mediators, and with most mast cell diseases harboring multiple mutations across all 
domains  of  many  or  all  of  the  cell’s  regulatory  elements,   it  should  be  expected that MCAD 
will present with an extraordinary degree of clinical heterogeneity to match the extraordinary 
degree of underlying mutational heterogeneity and resulting heterogeneity of patterns of 
aberrant mediator expression. 

Presented below are the clinical findings, system by system, which have been observed in 
MCAS patients both in the peer-reviewed   literature   (cited,  as  available)  and   in   the  author’s  
experience with more than 300 such patients diagnosed since 2008. 
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Demographic Findings 
 
Although symptoms can initially appear at any age, most commonly it is as an adolescent 

or child, sometimes even as an infant or neonate, at which symptoms first appear – though 
due to the non-specific nature of almost every symptom of the disease, the diagnosis often 
goes unsuspected at the time – and  for  a  very  long  time  thereafter.   [48]  In   the  author’s  and  
others’  experience  [48],  most  patients  have  been  chronically  ill  for  literally  decades  prior  to  
diagnosis. In fact, because of (1) the multisystem presentation in most patients [49], with 
symptoms in different systems often presenting at different times, and (2) the general lack of 
awareness of MCAS in the medical community, at present most MCAS patients live their 
entire lives without diagnosis, or even suspicion, of the root issue underlying the plethora of 
problems (many of a generally inflammatory nature) that they often acquire. MCAS patients 
often are regarded as inexplicably chronically multisystemically ill, perhaps recognized by 
astute physicians as likely having an underlying systemic inflammatory syndrome, though 
they  don’t   fit   the  pattern  of  any  well-known such syndrome, with typical diagnostic testing 
often  yielding  negative  or  “borderline”  results,  or  perhaps  results  which  are  mild  to  moderate  
in their signal intensity but soon prove to be ephemeral. Though their presenting symptoms in 
any given system are most commonly subtle to moderate in degree, occasionally MCAS 
patients will present severe abnormalities (which may have emerged acutely, subacutely, or 
chronically) in one system or another (e.g., end-stage renal failure [50, 51, 52], refractory 
diarrhea [53],  etc.),  with  “exhaustive”  diagnostic  testing  failing  to  reveal  a  specific  etiology. 
In fact–and as another reflection of its heterogeneity – MCAS can present with polar opposite 
abnormalities in different patients (e.g., gastrointestinal dysmotility principally mani-festing 
as diarrhea in one patient vs. constipation in another patient, or dyserythrop-oiesis principally 
manifesting as erythrocytosis in one patient [54] vs. pure red cell aplasia in another patient 
[55]). MCAS patients often respond incompletely, or even outright poorly or intolerantly, to 
therapies targeted at their superficially apparent ailments. 

Some MCAS patients have definitively diagnosed inborn or acquired ailments (e.g., 
sickle cell anemia or obesity) which come to be blamed by many of their physicians for most 
or all of their symptoms even though it is difficult to explain many of these symptoms based 
on careful consideration of the biology of the definitively diagnosed ailment. When a patient 
– particularly a patient with chronic multisystem polymorbidity, generally of an inflammatory 
theme – presents, it is important for the physician to consider whether the presenting 
symptoms are typical for the definitively diagnosed ailment or not. If not, it is important to 
consider the possibility that a co-morbid (and potentially underlying, unifying) illness may be 
present. 

MCAS patients not uncommonly can identify a specific point in their lives – a month, a 
year, sometimes even a specific date – at which their general health took a distinct turn for the 
worse. Such points commonly follow – typically by days to weeks but sometimes by several 
months or mere hours – acute events of either significant psychological or physical stress 
(e.g., death of a family member, or vehicular trauma) or of significant new antigenic exposure 
(e.g., travel or relocation). If they have recognized the temporal association between trigger 
and illness, such patients not uncommonly are quite convinced – even  “invested,”  sometimes  
for socioeconomic reasons – that the trigger was the cause of the illness. However, careful 
history-taking virtually always reveals symptoms of MCAS to have been present long before 
“the   turning   point”   – again, often dating back at least to adolescence and perhaps even to 
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childhood or infancy. The author typically asks his new patients to present their entire history 
chronologically (i.e., not merely starting  at  “the  turning  point”),  starting  all   the  way  back  at  
the last point in their lives at which they can remember feeling fundamentally, persistently 
well for a prolonged period. Even when specifically instructed as such, many patients will not 
recall some of the MCAS-driven symptoms from the earlier stages of their lives until much 
later points in the process of reporting their history. 

Thus, as will be emphasized again later, it is imperative in the evaluation of a patient 
thought to possibly have MCAS to take as complete a (life-long) history from the patient as 
possible, a time-consuming endeavor which further contributes to the diagnostic challenges of 
MCAS. History-taking must include a complete review of systems as well, as many MCAS 
patients have been so ill for so long that they have come to accept various aspects of their 
illness  as  a  baseline  “healthy”  state for them. Also, after extensive evaluations fail to identify 
a diagnosis, let alone effective therapy, some patients come to naturally omit certain aspects 
of their illness when providing their history yet one more time to yet one more physician. For 
example, the author encountered one patient who had been suffering unpredictable acute non-
orthostatic syncopal episodes on virtually a daily basis for 20 years. Extensive evaluation and 
empiric treatment efforts in the first two years after symptom onset were unproductive. His 
physicians at the time told him they had nothing further to offer him. The patient continued to 
suffer his syncopal episodes for the next 18 years (and made substantial adjustments in his 
life to accommodate his risk for syncope at any unpredictable moment), though he never 
again mentioned the problem to any of the physicians he newly met over time. Only in an 
extensive review of systems was this stark symptom revealed. Another patient had suffered 
near-daily syncope for five years following the birth of her first child but had been told by her 
obstetrician, upon symptom onset, that post-partum syncope was common and would resolve 
“in   time,”   so   she   patiently   endured   five   years   of   this   life-altering symptom without 
mentioning it to any of her other physicians before an extensive review of systems brought it 
to light again. 

 
 

Constitutional Findings 
 
In  the  author’s  and  others’  experience,  fatigue/malaise is the most common constitutional 

complaint of MCAS patients. [40, 48, 49] Most patients remain reasonably functional, though 
in some this symptom becomes mildly to severely disabling; stories abound about how 
patients   in   their   20s   act   as   if   they’re   in   their   80s.   Chronic   fatigue   syndrome has been 
tentatively linked to mast cell disease. [56] 

Intermittent elevated temperatures are not uncommon [48] but when present are usually 
“low-grade”   or   “feeling   hot”   (as   verbalized   by   patients)   with   frank   fever (temperature ≥  
38 C) an uncommon event which more likely (but not necessarily) signifies infection. 
Similarly, intermittent shaking chills/rigors are relatively uncommon, but the most common 
temperature-related complaint by far is a near-constant sense of feeling cold (without 
necessarily  suffering  any  frank  chills).  Beyond  asking  about  “fevers  or  chills,”  the  physician  
should ask specifically about a sense of feeling cold most of the time, or feeling hot some of 
the time, since most MCAS patients do not interpret their low-temperature  sense  as  “chills”  or  
their high-temperature  sense  as  “fever.” 



Lawrence B. Afrin 162 

Unprovoked diaphoresis, not always nocturnal, is another common constitutional 
complaint of MCAS patients. [48, 49] Some patients manifest this symptom on a circadian 
basis   (e.g.,  “night   sweats”),  and,   together  with   the  enlarged  and/or   tender   lymph nodes that 
can be seen in some patients, this symptom can lead to necessary but often fruitless searches 
for infection (e.g., mononucleosis, tuberculosis) or lymphoma. Of course, given the impact 
MCAS has on every system in the body, including the immune system [57, 58, 59, 60, 61], 
secondary infections [49] and malignancies [62] are not uncommon. However, failure of all 
the symptoms to be easily attributable to the discovered infection or malignancy, or failure of 
all the symptoms to respond to appropriate therapy for the discovered infection or 
malignancy, should cause the physician to consider the possible presence of another malady 
underlying not only the definitively diagnosed ailment but also the other issues seemingly 
unattributable to the definitively diagnosed ailment. 

Some MCAS patients complain of anorexia and potentially even early satiety, which may 
or may not be accompanied by physically or radiographically detectable splenomegaly. [48] 
Weight loss is seen in some [63], but far more common is weight gain which often begins 
subacutely, progresses at a disconcertingly rapid pace, and is without any identifiable 
correlation to changes in diet or activity. Fluctuating weight in MCAS patients likely is due 
principally to waxing and waning of edema (usually in a diffusely migratory fashion), but in 
many MCAS patients with significant, persistently progressive weight gain, usually only a 
minority of the increased weight is due to edema (or, rarely, ascites or other effusions from 
MCAS-driven serositis). Instead, gain in adipose tissue usually accounts for the majority of 
significant, persistent weight gain in MCAS. Some patients may gain more than 50 kg in a 
year in spite of intensive efforts to diet or exercise and are despondent about  their  “failure”  to  
control their weight. Again, there often is an identifiable acute stressor within the few months 
prior to the onset of the weight gain. For some, weight gain quickly becomes their dominant 
issue, with all other symptoms (e.g., fatigue out of proportion to the weight or any other 
identifiable factor) being attributed by the patient (and, often, his/her physicians) to the 
weight gain. Prior to recognition of their underlying diagnosis of MCAS, these patients not 
uncommonly undergo bariatric surgery (and not uncommonly suffer significant post-
operative complications including poor healing) [64, 65] and often lose – at least initially – 
significant weight. However, other symptoms that accompanied the weight gain often remain 
unimproved, and often the weight begins to inexplicably, inexorably increase again after 
achieving nadir. 

Pruritus is another common constitutional complaint of MCAS patients. [48, 49] It more 
commonly is episodic, though in some patients it comes to be a constant discomfort, albeit 
with waxings and wanings at unpredictable times and without identifiable correlations. In 
most patients it is a tolerable discomfort which they have felt requires either no treatment or 
minimal treatment with over-the-counter anti-pruritic agents (most of which are anti-
histaminic), but in some patients it becomes a severe, life-altering and -disabling problem. 
Although sometimes it persists in one specific location, and sometimes it is diffuse (as in an 
“aquagenic”  pruritus triggered in some patients upon a hot shower or bath), more commonly 
it is a diffusely migratory problem, affecting one area of the skin one minute or hour or day 
and another area the next minute or hour or day. 

MCAS patients also often report prolific – and odd – “sensitivities”  (which  they  may  not  
necessarily interpret as allergies) to assorted drug, food, and environmental provocations. [48, 
49] On first consideration, the physician may be inclined to discount reports of anaphylaxis to 
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acetaminophen, pruritus with levothyroxine, acute malaise from mundane multivitamin 
preparations, etc. The physician must beware an inclination to reflexively begin wondering 
about psychiatric disorders in such patients. The physician must also be aware that a drug 
reaction, whether common or unusual, reported by an MCAS patient not uncommonly is due 
not to the active pharmaceutical ingredients but instead to the fillers and dyes in the product, 
i.e., the allegedly inactive ingredients. As such, sometimes simply changing to an alternative 
commercial formulation of the same drug can eliminate reactions as severe as acute 
anaphylaxis, while other patients sometimes see improvement with a special formulation of 
the active ingredient mixed by a compounding pharmacist with a less provocative filler. For 
example,   one   of   the   author’s   patients   eliminated   her   anaphylaxis   to   antihistamines such as 
diphenhydramine and loratadine, and to antibiotics such as sulfamethoxazole/trimethoprim 
and acyclovir, by compounding these active ingredients with baby rice cereal. Other examples 
of fillers sometimes used successfully by compounding pharmacists in preparing medications 
for mast cell disease patients include lactose monohydrate or potato or sometimes even quite 
simply reconstitution with water at time of use. 

The physician should be aware that the environmental triggers of flares of mast cell 
mediator release include not only antigenic stimuli (e.g., drugs, venoms, environmental 
antigens) but also physical stimuli (e.g., pressure/trauma, exercise, heat, cold, ultraviolet light, 
and even electrical stimuli (such as electrostatic shocks sometimes suffered when brushing 
hair) and osmotic stimuli). [48, 66, 67, 68, 69] In the same fashion as how some MCAS 
patients experience increased frequency and severity of flares of their disease in the spring 
and fall due to pollen issues, increased difficulty in the summer due to heat and solar 
ultraviolet exposure is not uncommon in other MCAS patients – who may be some of the 
same patients who experience flares from pollen. Although exposure to cold (as compared to 
heat) seems to be a somewhat less common trigger of flares of established mast cell activation 
disease (with such flares often leading to typically fruitless evaluations for paroxysmal cold 
hemoglobinuria, cryoglobulinemia, and cold agglutinin disease), the hyperadrenergic 
experience of acute exposure to severe cold (e.g., from unexpected immersion in cold water 
from a boating accident) can be the stressor that triggers – days to months later – an 
escalation of the baseline level of mast cell activation, and diffuse symptoms therefrom, in the 
(known or yet unrecognized) MCAS patient. 

 
 

Integumentary Findings 
 
Given that mast cells often are programmed to site themselves at the environmental 

interfaces, it is not surprising that a wide range of pathology is evident in the integument of 
patients with aberrant MC activation. [40, 48, 63] Permanent or semi-permanent cutaneous 
lesions include xerosis, fragility, telangiectasias (including telangiectasia macularis eruptive 
perstans (TMEP) [70]), and macular or maculopapular freckles. An unpredictable, 
unprovoked, diffusely migratory, patchy, lightly to moderately erythematous, macular rash is 
the most common dermatologic complaint. Warts are not uncommon, and problems with 
spontaneous development of folliculitis [49] and/or small ulcerations – “sores”  ranging  from  
as small as 1-2 mm to as large as 2-4 cm and often attributed to diabetes or vascular disease 
given the lack of any other apparent explanation – are not uncommon and often are long in 
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healing, sometimes leaving scars (and thus raising the possibility of MCAD underlying 
idiopathic sclerosing diseases). 

As noted previously, pruritus – sometimes localized but more commonly in an 
unpredictable, unprovoked, diffusely migratory pattern – is a common complaint. [40, 48, 49] 
Flushing and angioedema – usually episodic but sometimes chronic – are common issues, too. 
[40, 48, 49] Idiopathically painfully sensitive skin is occasionally seen, usually affecting a 
region of the body more so than one small site or the entire body. 

Proper mast cell function is critical to wound healing [57, 59, 71], and thus it is not 
surprising that wounds in MCAS patients often heal poorly, taking a concerningly long period 
of time to close, not uncommonly becoming secondarily infected, and often leaving a more 
pronounced scar than would be ordinarily expected. 

Another very common dermatologic finding in MCAS patients is dermatographism. [48] 
Sometimes simple removal of clothing makes it apparent, but integrating a simple light 
scratch   test   into   the   physician’s   standard   physical   exam   is   an   easy   thing   to   do.   The  
dermatographism of MCAS rarely is so vigorous as to manifest hives; instead, usually only 
erythroderma is seen in the track of the scratch, arising within 1-30 seconds and often 
persisting in full splendor for 5, 10, or even 15 minutes or longer. 

Alopecia (usually not clinically apparent) is frequently reported by MCAS patients. 
Interestingly, increased levels of (MC-specific) prostaglandin D2 are found in alopecic scalps. 
[367] Onychodystrophies of various sorts, too, are common complaints. 

Especially in younger and overweight (but not even necessarily obese) MCAS patients, 
striae are not uncommonly seen about the trunk, particularly the abdomen, anterior and 
posterior axillary regions, and even sometimes lower on the back such as in the regions of the 
costovertebral angles.  [72]  In  the  author’s  experience,  striae  sometimes  resolve  with  effective  
MCAS therapy. 

 
 

Ophthalmologic Findings 
 
The dominant ophthalmologic issues in MCAS patients continue the theme of generally 

non-infectious inflammation seen  in  all  other  systems,  too.  [48,  49]  Irritated  (“dry,”  “sandy,”  
“gritty,”  “itchy,”  etc.)  eyes  are  the  most  common  ophthalmologic  complaint.  Chronic  and/or  
episodic excessive lacrimation, suffusion, scleritis, blepharitis, and conjunctivitis are seen not 
uncommonly as well. Lid tremors and tics can be bothersome, too; patients sometimes 
undergo injections of botulin toxin to try to relieve this irksome symptom, and while such 
treatments often are helpful at first (as with bariatic surgery for MCAS-driven obesity), 
relapses within a year or so are common. 

MCAS patients also complain not infrequently of acute episodes of (typically bilateral) 
impairment of the ability to focus their vision. These episodes typically last only minutes to 
hours  and  often  are  accompanied  by  “flares”  of  many  other  symptoms such as intense fatigue. 

Ophthalmologic evaluations typically are unrevealing; occasionally an incidental finding 
(e.g., cataracts) is noted, but the ophthalmologist has difficulty attributing the described 
ophthalmologic symptoms to the ophthalmologic exam findings. 
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Otologic Findings 
 
The dominant otologic issues in MCAS patients also continue the theme of generally 

non-infectious inflammation.   [49,  73,  74]  Otitis  externa  (“painful”  or  “itchy”  helices and/or 
canals) is fairly uncommon, while otitis media is more common, especially in children. In 
patients who suffer this manifestation of mast cell disease, the otitis media often seems oddly 
frequent in spite of no demonstrable cellular or humoral immune deficiency (with the 
underlying mast cell disease going unrecognized), and it often seems oddly refractory to 
antibiotic therapy, though in retrospect this is unsurprising since MCAS-driven inflammation 
is typically sterile. 

MCAS patients also can suffer alterations in hearing (dysacusis). In the same fashion in 
which the disease, depending on the particular pattern of aberrant mediator expression in the 
individual   patient,   can   “push”   a   system   to   one   extreme   in   one   patient   and   to   the   opposite  
extreme in another patient, MCAS patients can suffer hearing loss, tinnitus [49, 63] or 
hyperacusis   [75],   and,   rarely,   both   hearing   loss   and   tinnitus   (author’s   experience).  Hearing  
loss presumably is due dominantly to the otosclerosis (of the tympanic membrane and/or the 
inner ear bones) which has been demonstrated in patients with mast cell disease [76, 77], 
though degenerating canal hairs or auditory nerve function theoretically are other routes to 
hearing loss. (Interestingly, in contrast to most gain-of-function KIT mutations in mast cell 
activation diseases, loss-of-function KIT mutations have been demonstrated to be at the root 
of piebaldism, an inborn syndrome of deafness, hypopigmentation, and megacolon. [78]) 
Tinnitus (which can be unilateral or bilateral or alternating) may be due to release of 
inflammatory and/or other neuroexcitatory mediators by aberrant mast cells in the vicinity of 
the acoustic-sensing hair cells in the semicircular canals or the fibers of the auditory nerve. 
[63] Similarly, the audiologist often finds sensorineural hearing loss of unclear origin. 

Other than identifying obvious otitis externa or media (which often is erroneously 
assumed to be infectious in origin), otologic evaluations typically are unrevealing; 
occasionally incidental findings (e.g., cerumen) are noted, but the otolaryngologist has 
difficulty attributing the described otologic symptoms to the exam findings. 

 
 

Sinonasal Findings 
 
It should be remembered that mast cells tend   to   position   themselves   at   the   body’s  

environmental interfaces. Some of the highest concentrations of mast cells in the body are in 
the sinonasal cavities and passages. Thus, it is not surprising that a chronic sense of sinonasal 
congestion, and chronic and/or episodic coryza ranging in degree from mild to severe, is often 
reported by patients with mast cell disease. [48, 49] Some patients also report intermittent 
ulcerations, sores, or other focal discomforts in the nasal cavity and passages. Olfactory 
intolerances are common as well. [49] Intermittent, unprovoked, unpredictable epistaxis, 
typically minimal and brief in extent but sometimes severe enough to require evaluation and 
intervention in the emergency room, is also a common finding [48] and presumably is due to 
acute  “flares”  of  disease  leading  to  increased  local  release  of  heparin  which  further  aggravates  
the already impaired coagulation homeostasis of mucosa rendered chronically friable by 
chronic inflammation from frequent or continuous aberrant local release of inflammatory 
mediators. 
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Oral Findings 
 
Intermittent discomfort or even frank pain in the oral and/or labial mucosa is a common 

complaint by MCAS patients. [48, 49] It can be focal (and, if so, usually in a migratory 
fashion rather than persisting in one site) or diffuse, can range from minimal to so severe as to 
be completely disabling, and may or may not be accompanied by leukoplakia (microbiologic 
evaluation of which often does not reveal candidiasis), dysgeusia (when present, often of a 
metallic  nature),  and/or  ulcerations/“sores”  which  may  appear  to  be  herpetic  in  nature  but,  if  
specifically tested, usually are not. 

MCAS recently has been associated with burning mouth syndrome (BMS), a diffuse 
burning discomfort about the macroscopically and microscopically normal oral mucosa for 
which  clear  causes  such  as  Sjogren’s  syndrome  and  candidiasis cannot be found. [79] BMS 
often is of acute or subacute onset  which,  if  the  patient’s  history is adequately explored, not 
uncommonly  follows  the  occurrence/development  of  a  significant  stressor  in  the  patient’s  life.  
BMS patients have long frustrated the professionals who come to care for this problem – 
dentists, oral surgeons, and oral pathologists – because of the lack of an identifiable etiology 
and  because   of   these   patients’   typically   poor   responsiveness to empiric therapies including 
topical and systemic analgesics, anti-depressants, anti-epileptics, and vitamin and other comp-
lementary and alternative therapies. Unsurprisingly, psychosomatism or other psychiatric 
disorders often come to be diagnosed in such patients. At least in some BMS patients, though, 
MCAS-directed therapy can promptly relieve much or all of the oral burning. Salivary 
tryptase may be a helpful diagnostic tool in such patients [80], but because this test is not 
widely available and because the effects of MCAS rarely are limited to just one system, it 
may be more efficient to pursue evaluation in such patients for systemic MCAS (as described 
later). 

Chronic or intermittent, fluctuating levels of angioedema of the oral tissues – buccal 
mucosa, tongue, and/or lips – are sometimes seen in MCAS patients. [48, 49] When 
sufficiently severe to be apparent on physical examination, or when the history is sufficiently 
consistent with angioedema, evaluations for hereditary angioedema often are pursued, usually 
revealing normal results but sometimes even more confusingly revealing modestly decreased 
levels of C1 esterase inhibitor antigen or function which require further assessment by an 
immunologist to clarify that such patients do not have the severely decreased levels needed 
for C1 esterase inhibitor deficiency (acquired or congenital) to biologically account for the 
observed angioedema. 

Often less apparent to physicians evaluating MCAS patients, dental decay – typically in 
spite of good life-long attention to dental hygiene – is common. [81, 82, 83] The fact that 
such problems are managed by an entirely different health profession, together with the 
typically slower pace of development of dental problems compared to other MCAS-driven 
problems, results in the poor awareness by physicians of this aspect of the disease. When this 
problem is considered at all, MCAS patients – and their physicians and oral care providers – 
often attribute their oddly advanced-for-age dental decay and early need for dentures simply 
to  “bad  luck.” Astute physicians who notice the problem and evaluate the patient for humoral 
(particularly IgA) deficiency usually find normal (or, at worst, only mildly depressed) IgA, 
IgG and/or IgM levels which cannot account for the decay, particularly in the absence of 
more noticeable sequelae of immunodeficiency. 



Presentation, Diagnosis, and Management of Mast Cell Activation Syndrome 167 

In addition to the chronic dental decay seen in some MCAS patients despite good dental 
hygiene habits, another pattern of onset of dental decay not uncommonly seen is that of the 
patient with good dentition for decades who then begins suffering subacute significant dental 
decay despite no change in dental hygiene habits. As with subacute onset of MCAS-driven 
pathology in other systems despite no apparent change in patient behavior, subacute onset of 
dental decay often begins to arise in the wake of a significant stressor experienced by the 
patient. However, due to the slower pace of development and somewhat obscured cosmetic 
impact of MCAS-driven dental problems compared to problems in many other systems, the 
connection between the inciting stressor and the subsequent dental problems is often never 
made. 

 
 

Pharyngeal Findings 
 
In spite of the physical exam typically finding no pathology whatsoever, pharyngeal 

symptoms are common amongst MCAS patients, often being described as chronic and/or 
intermittent, waxing and waning discomfort, irritation, pain, or soreness which often is 
reflexively diagnosed as infectious (typically viral or Streptococcal) pharyngitis. In other 
words, the pattern of waxing/waning sterile inflammation seen in the other body sites in 
MCAS patients is not uncommonly seen in the pharynx as well. [48, 49] 

Some MCAS patients deny any frank pharyngeal discomfort – but, when asked 
specifically   on   a   careful   review   of   systems,   immediately   endorse   a   chronic   “tickle” 
in the throat which leads to either a chronic dry cough and/or a chronic sense of a need to 
clear the throat. 

The chronic sinonasal congestion in many MCAS patients sometimes leads to a frank 
sense of chronic post-nasal drip as the specific cause of the chronic pharyngeal discomfort, 
but more often the discomfort is present without any clear cause. 

The reactions in some MCAS patients to specific drugs, foods, or environmental antigens 
are sometimes most appreciated by such patients as being localized to the pharynx, causing a 
prompt escalation of pharyngeal discomfort, or even a frank dyspnea or dysphagia, which 
often is due to angioedema being one of the components of the reaction. When pharyngeal 
angioedema is so severe as to cause stridor, emergent intervention is warranted, and patients 
who suffer such severe pharyngeal reactivity should be advised to always carry epinephrine 
auto-injectors and should be trained in their proper use. 

 
 

Lymphatic System Findings 
 
In  the  author’s  experience,  the  most  common  lymphatic  system finding seems to be mild 

to marked left upper abdominal quadrant discomfort or pain, often aggravated by palpation 
(and sometimes aggravated even by eating a full meal). Release of inflammatory mediators 
by aberrant, constitutively activated splenic mast cells may underlie this finding. A modest 
extent of splenomegaly is radiographically detectable (virtually always showing splenic 
homogeneity) only in a minority of patients and is even less commonly appreciable 
on physical examination [48], confusing the examiner as to why the left upper quadrant 
would be tender. 
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Somewhat less common in MCAS patients than the complaint of left upper abdominal 
quadrant discomfort, but by no means infrequent, are complaints of enlargement and/or 
tenderness of one or more groups of lymph nodes across space and time, i.e., sometimes the 
adenopathy is tender and diffuse, and sometimes it is non-tender and merely focal. [48] Quite 
often, too, asymptomatic adenopathy will newly come to light in MCAS patients subjected to 
radiographic examinations for other reasons. Whether the discovered adenopathy is palpable, 
symptomatic, or neither, of necessity the physician must consider the entire differential 
diagnosis for such adenopathy. Certainly there is a wide range of true pathologic processes 
(infectious, malignant, and otherwise) which are secondary to MCAS and which can cause 
adenopathy of various characters. When such true pathologies are definitively diagnosed upon 
proper evaluation of adenopathy, they should be specifically addressed without regard to 
whether they are primary processes (i.e., coincidental to, and independent of, MCAS) vs. 
secondary processes, since such distinction, at least at present, is essentially impossible. 
However, the physician should not be surprised if biopsies of nodes of pathologic size 
(typically  ≥  1  cm)  in  the  MCAS  patient  are  found  by  the  pathologist to  be  merely  “reactive”  
or even frankly normal on full histologic and immunophenotypic analysis. Interestingly, even 
specific pathologic examination with various mast-cell-highlighting techniques (e.g., staining 
with CD117, Giemsa, toluidine blue, or tryptase, or multicolor flow cytometry for cell surface 
co-expression of CD117/CD25 or CD117/CD2) typically fails to identify increased (let alone 
aberrant) mast cells in such nodes, so presumably such reactive adenopathy in MCAS patients 
is being caused indirectly by mediators released by aberrant mast cells located elsewhere 
about the body. 

Considerably confusing in such situations of histologically/immunophenotypically 
reactive adenopathy are the occasional findings of T-cell-receptor gene rearrangements or 
even cytogenetic abnormalities commonly associated with lymphoma, but in the absence of 
the patient having a clinical course consistent with lymphoma, the physician is well served by 
caution  against  diagnosing  as  lymphoma,  much  less  treating  as  lymphoma,  any  “suspicious”  
lymph nodes which do not meet well-established standard histologic criteria for lymphoma. 

Although the adenopathy seen in MCAS patients most commonly (by far) is reactive/ 
benign adenopathy, it is well established that patients with SM – and, thus, likely any form of 
MCAD – are at increased risk for hematologic malignancies of all types, including 
lymphomas. Malignancies in MCAS patients not uncommonly present with somewhat 
unusual pathologic aspects as well as assorted symptoms (e.g., frequent presyncope) not 
easily attributable to the readily apparent malignancy; also, such malignancies not uncom-
monly follow less favorable courses than might be expected. (Interestingly, there are 
increasing reports of late that monocytosis – which   in   the   author’s   experience   is   the   single  
most common hematologic abnormality in MCAS patients – is a statistically significantly 
independent   predictor   of   poor   outcome   amongst   Hodgkin’s   and non-Hodgkin’s   lymphoma 
patients. [84, 85, 86, 87, 88, 89]) For example, the author has observed a small cohort of 
patients with the odd constellation of subacutely developing, idiopathic morbid obesity 
followed within a few years by development of aggressive, highly constitutionally 
symptomatic angioimmunoblastic T-cell lymphoma, an uncommon form of lymphoma. 
Evidence of mast cell activation was readily found in these patients, in some even before the 
lymphoma developed. In light of emerging understanding of the multisystemic effects of mast 
cell activation disease, it is not an unreasonable hypothesis that MCAS was the underlying 
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ailment leading to both the odd-character obesity and the relatively unusual form of 
lymphoma. 

 
 

Pulmonary Findings 
 
In the upper respiratory tract of many MCAS patients, as previously discussed, one finds 

predominantly the symptoms of fluctuating levels of sterile inflammation, such as sinonasal 
congestion, rhinorrhea, painful or merely just discomforting pharyngitis, and sometimes a 
proximal   “dysphagia”   which   likely   is   a   flaring   of   inferior   pharyngeal   and/or   proximal  
esophageal angioedema. [48, 49] Episodic (usually sterile) laryngitis is sometimes 
experienced, too. 

One of the major inflammatory mediators produced by the mast cell, prostaglandin D2 
(PGD2), is a strong bronchoconstrictor, 10 times more potent than histamine. [90] Thus, it is 
not surprising that in the lower respiratory tract, the most common complaint by far is an 
irregularly episodic, seemingly unprovoked, subtle dyspnea, sometimes accompanied by 
modest wheezing. [40, 48, 49] Even when wheezing is present, it typically is only modest, 
sometimes appreciable by the patient only with forced respiration. Given that their tidal 
respiration most times is normal, most MCAS patients with this subtle episodic dyspnea will 
deny  “shortness  of  breath”  on  a  review  of  systems,  but  when  alternatively  asked  whether  they  
ever  experience  any  “discomfort”  with  breathing,   they  will  admit,  “I  just  can’t  catch  a  deep  
breath   like   I   used   to.”  Dyspneic MCAS patients sometimes consult pulmonologists. Chest 
imaging and pulmonary function testing often are unrevealing. 

Although more typically only a minor complaint in a minority of MCAS patients, 
idiopathic chronic cough (almost always non-productive) is sometimes the chief complaint. 
[48, 49] Of course, potentially offending drugs such as angiotensin converting enzyme 
inhibitors and angiotensin receptor blockers must be excluded, but usually cough-dominant 
MCAS patients have undergone extensive but fruitless pulmonary evaluations and are labeled 
simply  as  having  “reactive  airways disease,”  not  all  that  inappropriate  a  label  given  the  true  
(but unrecognized) etiology. 

MCAS may also be operant in the progression of emphysema and chronic obstructive 
pulmonary disease [91, 92, 93], especially in patients with minimal to no smoke exposure and 
those whose lung disease has continued to progress despite cessation of smoking long ago. 
[94] Mast cell disease has been implicated in pulmonary hypertension, too. [95] 

 
 

Cardiovascular Findings 
 
Continuing the theme of marked clinical heterogeneity across all systems, the cardiac, 

vasomotor, and vasculopathic issues in mast cell disease patients occupy virtually the entire 
spectrum of abnormalities possible in these areas. [40, 48, 49] Palpitations are a very frequent 
complaint; proven dysrhythmias are less common, but all types are seen. Resting tachycardia 
(relative or absolute) is quite common [40], though sometimes an idiopathic bradycardia is 
seen. In contrast to pheochromocytoma, which is hallmarked by episodic tachycardia and 
hypertension, in MCAS there often are unpredictable, unprovoked episodes of both 
hypertension and hypotension [40], sometimes one following the other quite acutely. 
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Although most physicians learn early in their schooling that norepinephrine is a potent 
vasoconstrictor, there generally is little awareness that one of the cellular sources of 
norepinephrine is the mast cell – and that PGD2, whose dominant source is the mast cell, is 
approximately an order of magnitude more potent a vasoconstrictor (in certain vascular beds) 
than norepinephrine. [96] (Due to different receptor profiles in different tissues, it also can act 
as a vasodilator in other vascular beds. [97, 98]) 

While frank syncope fortunately is relatively uncommon amongst MCAS patients, 
presyncope appears to be quite common. Such episodes often are unprovoked and non-
orthostatic, and are variably identified by patients as sudden-onset   “lightheadedness,”  
“weakness,”   “dizziness,”   or,   less   commonly,   “vertigo.”   [40,   48]   Presyncopal   episodes   not  
uncommonly appear to be without provocation (such as orthostatic maneuvers) and manifest 
at irregular intervals, but average frequencies range from several times daily to as little as 
once every several months. Patients who characterize their presyncope using one of these 
terms will often deny the other terms, so it is important in the review of systems to ask 
patients about all of these sensations. Sometimes the matter will come to the otolaryngologist 
for evaluation and   the   patient   will   be   diagnosed   with   “vertigo.”   Tilt-table testing by the 
cardiologist may or may not be found consistent with postural orthostatic tachycardia 
syndrome (POTS, particularly the hyperadrenergic variant, which has been associated with 
MCAS [99, 100]), but MCAS patients treated for POTS (with midodrine or fludrocortisone, 
for example) typically experience only modest improvement in their presyncopal episodes 
and little to no improvement in any of their other symptoms. 

Some  MCAS  patients  will  endorse  episodes  of  frank  chest  “pain,”  while  others  will  deny  
this   and   only   endorse   chest   “discomfort.”   [40,   48]  Although   the   physician must always be 
alert to the symptoms and signs of obstructive coronary atherosclerotic disease, far more often 
the MCAS patient with chest pain or discomfort provides details which are not consistent 
with angina and shows no electrocardiographic (ECG) evidence of coronary artery occlusion. 
The discomfort may be in the left chest or retrosternal, but just as often as not is in the right 
chest or across the entire chest or is migratory throughout the chest. Radiation of the 
discomfort is somewhat infrequent, and the associated diaphoresis of angina appears to be 
quite uncommon. 

Although most episodes of chest pain or discomfort in MCAS patients do not show ECG 
evidence of coronary vasoocclusion, the physician should be aware of two uncommon chest 
pain syndromes which do show such evidence and which are related to (or suspected to be 
related to) mast cell activation. First described in 1950, Kounis syndrome (allergic angina or 
allergic myocardial infarction, with absence of obstructive coronary lesions) clearly is born of 
mast cell activation and requires identification of an allergic insult as the cause of the 
coronary vasospasm causing the ECG changes. [101] Kounis syndrome is estimated to be 
present in 0.002% of all acute myocardial infarctions. [102] Ironically, the incidence of 
Kounis syndrome may be increasing in step with the increasing use of (allergenic) drug-
eluting stents for the treatment of atherosclerotic lesions. [101] It remains unclear whether the 
mast cell activation in Kounis syndrome is a consequence of allergic provocation of normal 
mast cells vs. the abnormal (clonal) mast cells thought to underlie MCAS. In contrast to 
Kounis syndrome, no allergic insult appears to precede onset of Takotsubo syndrome (acute 
stress-induced cardiomyopathy with a hyperkinetic cardiac base, hypokinetic mid-ventricle 
and apex, and left ventricular apical ballooning), which is seen in 2% of patients presenting 
with suspected acute coronary syndrome. [103] Though a clear connection between 
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Takotsubo cardiomyopathy and MCAS has not yet been identified, 75% of Takotsubo cases 
manifest elevated plasma catecholamines (known products of several types of cells including 
mast cells), and an increasing number of cases of Kounis syndrome are being reported as 
having manifested Takotsubo-like left ventricular apical ballooning [e.g., 104]. Takotsubo 
cardiomyopathy also appears in some patients following idiopathic anaphylaxis [e.g., 105], 
further increasing suspicion of a connection with MCAS. 

MCAS-driven coronary and peripheral atherosclerosis producing true vaso-occlusive pain 
sometimes can be advanced and aggressive even at relatively young ages. [95, 106, 107, 108] 
Higher,   but   still   “normal,”   levels   of   tryptase   may   even   be   a   marker   for   advancing 
atherosclerosis. [109] The sclerosis and poor healing seen in all other systems in assorted 
MCAS patients manifest in some patients as non-atherosclerotic vascular anomalies, too, 
namely, aneurysms, hemorrhoids, and varicosities. [110, 111, 112, 113, 114, 115, 116, 117] 
Mast cells clearly have a role in angiogenesis as well [118], perhaps also contributing to these 
vascular anomalies as well as others such as hemangiomas, arteriovenous malformations, 
telangiectasias, etc. [119, 120, 121] 

Although not so often a volunteered complaint, edema frequently emerges on a review of 
systems taken from an MCAS patient [48], and though mast cell disease appears capable of 
inducing heart failure [122, 123, 124, 125], the physician should take care to distinguish 
whether edema in the patient suspected of having MCAS is presenting in a pattern consistent 
with heart failure or not. The author has identified MCAS in several patients with idiopathic 
and takotsubo heart failure, but most MCAS patients with complaints of edema have 
clinically normal cardiac function and manifest a pattern of edema distinct from the classic 
dependent pitting edema of congestive heart failure. Instead, undiagnosed MCAS patients 
report a seemingly physiologically inexplicable pattern of unpredictably episodic, diffusely 
migratory edema. One day the right hand and left foot may be edematous; the next day – or 
the next week – the left foot and foreleg may be edematous; and the next day edema may only 
be appreciated in the right periorbital region – all without any appreciable associated rash. 
MCAS-driven edema more typically is pitting than non-pitting, but with no detectable 
hypoalbuminemia or impaired cardiac function, the etiology almost always remains unclear as 
long as the unifying diagnosis of MCAS goes unrecognized. 

 
 

Gastrointestinal Findings 
 
Inflammation – usually sterile, occasionally infectious – remains the dominant theme of 

both the luminal and non-luminal gastrointestinal issues in MCAS. [40, 48, 49, 63, 95] 
Fibrosing illness is occasionally seen, too. [126] 

Aerophagia is common. [49] Esophagitis often manifests as either the aforementioned 
chest discomfort or  “reflux”  which  frequently  is  “functional”  (i.e.,  refractory  to  maximal  acid 
reduction therapy), suggesting the source of the discomfort is not acid. [40] 

Gastritis and small and large bowel enteritis are common in MCAS patients and manifest 
as diffusely migratory abdominal pain as well as diarrhea, constipation, or – most commonly 
and confoundingly – diarrhea alternating with constipation. [40, 48, 49, 63] Chronic or 
frequent queasiness, nausea, and vomiting are quite common, too. Partial bowel obstructions 
are somewhat uncommon but may be due to focally dysfunctional motility and/or focal flares 
of edema. Irritable/inflammatory bowel syndrome (IBS) is commonly diagnosed by 
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gastroenterologists consulting on MCAS patients, but upper, lower, and capsule endoscopy 
and small bowel enteroscopy usually are unrevealing from a macroscopic perspective. 
Furthermore, routine hematoxylin and eosin staining of random mucosal biopsies virtually 
always are interpreted as normal or, at most, showing only mild inflammation, more 
commonly chronic than acute. However, when prompted to investigate further for mast cell 
disease, the pathologist often finds increased mast cells on staining for CD117 (KIT), Giemsa, 
toluidine blue, and/or tryptase. (It is important to note that there is no studied consensus as to 
an   upper   limit   of   normal  mast   cells   in   various   segments   of   the   bowel,   but   in   the   author’s  
experience, many pathologists judge more than 20 mast cells per high power field in the 
gastrointestinal (or genitourinary) tract as increased.) If mast cell disease is suspected in 
advance of the procedure, tissue samples can be submitted, too, for multicolor flow 
cytometry, and sometimes the pathognomonic dual cell surface expression signatures of 
CD117/CD25 or CD117/CD2 can be found. Fresh or fixed tissue can be subjected to 
polymerase chain reaction analysis for the KIT-D816V mutation,   though   in   the   author’s 
experience this is seen in the gut as rarely as it is seen in the marrow of MCAS patients. 

Somewhat less common than frank inflammatory symptoms, but by no means rare, are 
assorted selective micronutrient malabsorption syndromes. [40, 48] Amongst such syndromes 
in  the  author’s  experience,  iron malabsorption appears most common and usually responds to 
simple H1/H2 histamine receptor blockade. Other observed deficiencies include copper and 
assorted B vitamins. General protein-calorie malabsorption leads to the expected cachexia but 
fortunately appears rare. 

Pancreatic enzyme supplements appear helpful in addressing various gastrointestinal 
tract-related symptoms in some MCAS patients (e.g., diarrhea, weight loss, and certain micro-
nutrient malabsorption syndromes), suggesting that pancreatic exocrine insufficiency, perhaps 
due to MCAS-driven inflammation and/or fibrosis in pancreatic exocrine glands and/or 
pancreatic ducts, may be yet another manifestation of MCAS. Chronic pancreatitis, too, is a 
disease of inflammation and fibrosis leading to obliteration of pancreatic ducts; 40% of such 
cases are idiopathic [127], and an increasing portion of these cases is appreciated to be an 
autoimmune disease (of unknown origin) directed against the ducts. [128] While the role of 
mast cells in the etiology of chronic pancreatitis (alcoholic or non-alcoholic) is far from clear, 
pancreatic mast cell density appears to be 3.5-fold higher in patients with painful chronic 
pancreatitis than painless chronic pancreatitis. [129]  

Evidence of hepatic impact is detectable in about half of MCAS patients. [63] Fibrosis 
(obliterative portal venopathy) is the most common pathologic finding, but fatty meta-
morphosis, sinusoidal dilatation, venoocclusive dilatation, nodular regenerative hyperplasia, 
and cirrhosis are also seen. Sterile hepatitis, with portal triad infiltration by lymphocytes (and 
smaller numbers of eosinophils) and usually reflected in modest (less than 2- to 3-fold) 
elevations in transaminases and/or alkaline phosphatase (usually without hyperbilirubinemia), 
is common. Cholestasis appears uncommon. Portal hypertension, too, appears uncommon but, 
when present, is reflected as expected in gastroesophageal varices and splenomegaly. [130] 
Idiopathic ascites also is quite infrequently seen in both SM and in MCAS. [131] It may be 
seen with or without portal hypertension but, when present, is often massive and difficult to 
manage. A generalized mast cell-driven peritoneal serositis seems likely to be the cause in 
cases absent portal hypertension. 
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Genitourinary Findings 
 
Episodes of sterile inflammation at one or more sites dominate the presentation of MCAS 

in the genitourinary (GU) tract, though the poor localization of visceral sensation can create 
diagnostic challenges. 

In   the   author’s   and  others’   experience,   the  most   common  GU  presentation   is   a  dysuric  
interstitial cystitis [48, 49, 95, 132] which often is mistakenly diagnosed and treated as 
chronic recurrent urinary tract infections in women and as chronic recurrent prostatitis in men 
despite failure to find definitive infection. Some women are able to distinguish vaginitis from 
cystitis, but both can occur in MCAS. Vulvar vestibulitis, with resulting dyspareunia, is 
sometimes distinguishable, too. [133, 134, 135] Aside from negative or non-diagnostic 
culture results, another clue that the reported dysuria may be due to sterile MCAS-driven 
inflammation instead of infectious-driven inflammation is that the symptoms of a true 
infection typically improve noticeably within 2-3 days of beginning appropriately selected 
antibiotic therapy. Patients with sterile cystitis, vaginitis, or prostatitis, though, typically 
report not beginning to notice improvement (if any) until near the end of the extended course 
of antibiotics which physicians often  prescribe  for  “refractory  infection.” 

More proximally in the urinary tract, some of the mediators released by MCAS can result 
in non-specific renal inflammation and/or fibrosis [136] leading to organ failure often 
reflexively attributed to co-morbidities (e.g., hypertension or diabetes) whose severity and 
duration, upon reflection, do not seem sufficient to cause renal failure. Acute and chronic 
renal failure can be due to obstructive uropathies, too, but when obstruction is evident on 
imaging but appears intermittent (even fleeting) and no identifiable stones are identifiable, 
MCAS-driven obstructive ureteral angioedema should be considered. 

Throughout the urinary and genital tracts, inflammatory mediators released by MCAS 
can cause aching and pain which can be severe and focal but more often are mild to moderate 
and vague in localization. Chronic low back pain is a common complaint of such patients; 
flank pain and lower abdominal quadrant pain seem to be less common complaints. 

Also likely due to inflammatory and/or fibrogenic mediators, fertility issues, like the 
aforementioned genital tract and urinary tract issues, are not so rare. [95] In women, 
luteinizing hormone-stimulated mast cells have long been known to be intimately involved in 
ovarian function, releasing histamine which stimulates ovarian contractility, ovulation, and 
follicular progesterone secretion. Also, antihistamines can block ovulation. [137] Thus, it is 
not difficult to envision that MC dysfunction could result in ovarian dysfunction, but there is 
little primate in vivo data available on this subject thus far. However, aberrant MC activation 
is a well-recognized primary issue in endometriosis and provides a target for treatment of this 
significant public health issue which affects 15-20% of women in their reproductive years. 
[138, 139, 140] The impact of MCAS on gestation is unclear. Miscarriages in MCAS 
patients, though – especially in the setting of an abnormal prothrombin time or partial throm-
boplastic time – should prompt consideration of an MCAS-driven anti-phospholipid antibody 
syndrome, though other hypercoagulable states should be considered as well. In men, 15d-
prostaglandin J2 (a metabolite of (MC-generated) PGD2) can initiate and maintain sclerosis in 
the testes. [141] Mast cell blockers can treat oligospermia and result in pregnancy. [142] 
Decreased libido in both sexes, and erectile dysfunction in men, are common in SM patients 
[49] and are frequently seen in MCAS as well, likely of multifactorial etiology. 
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Physicians must be careful not to reflexively attribute all pelvic symptoms in patients 
with GU tract malignancies to progression of cancer. The author has observed a small number 
of cases of MCAS confused for recurrence of localized, definitively treated prostate cancer 
despite a stable normal prostate specific antigen together with numerous local and distant 
symptoms not expected from locally recurrent or metastatic prostate cancer. 

 
 

Musculoskeletal and Joint Findings 
 
Although generalized waxing/waning weakness, fatigue, and malaise are some of the 

most common complaints amongst mast cell disease patients [40, 48, 49], actual myositis, 
much less frank rhabdomyolysis, appears to be fairly rare, though given the paucity of such 
cases in which muscle enzymes are measured, and even fewer cases in which muscle is 
actually biopsied, myositis could be more frequent than is being recognized. However, the 
author has observed a small subset of MCAS patients who demonstrate substantial elevations 
(up to ten-fold the upper limit of normal) of creatine kinase and/or aldolase, yet remain 
asymptomatic. The clinical significance of this finding is unclear. 

Premature osteopenia/osteoporosis is frequently found in mast cell disease patients [40, 
48, 63, 143] and is usually diffuse but may be focal. Osteosclerosis (usually focal) is seen, 
too, though much less commonly. [144, 145, 146, 147] Occasional patients may be shown to 
have both osteopenia and osteosclerosis in different sites. [147, 148] There has been much 
progress of late in understanding the biology of the excessive bone resorption in osteopenia 
and osteoporosis. [149] Nuclear factor kappa-light-chain-enhancer of activated B cells (NF-
kappa-B) is a DNA transcription regulator found in almost all animal cell types. Osteoclasts 
express receptor activator of NF-kappa-B (RANK) on their cell surfaces. Osteoblasts secrete 
RANK ligand. Binding of RANK ligand (RANKL) to RANK leads to upregulation of 
osteoclast activity (i.e., bone resorption), leading to osteopenia and osteoporosis. Osteopenia 
and osteoporosis have long been recognized complications of systemic mastocytosis and also 
seem to be prevalent complications of MCAS. Although the specific mechanism of these 
conditions in MCAS has not been investigated, no clinical distinction has been identified 
between osteopenia/osteoporosis in MCAS and osteopenia/osteoporosis in otherwise normal 
individuals. As such, it seems reasonable at present to presume that the mechanism of these 
conditions in MCAS likely is the same as in the non-MCAS setting, i.e., excessive RANKL-
stimulated osteoclast activity. 

MCAS patients commonly report diffuse, and diffusely migratory, aching and pain [40, 
48, 49, 95], often acquiring a diagnosis of osteoarthritis, seronegative rheumatoid arthritis, 
fibromyalgia, and/or polymyalgia rheumatica after evaluation by a rheumatologist fails to 
identify any more specifically defined rheumatologic disease. These discomforts sometimes 
seem centered in joints, sometimes in bones (usually without clear association with 
radiographically identifiable underlying osteopenia or osteosclerosis), and sometimes in soft 
tissues. Although sometimes the discomfort is quite diffuse and chronic, more commonly the 
discomfort waxes and wanes as it migrates about various parts of the body. Data exist to 
suggest mast cell dysfunction may be at the heart of many idiopathic pain syndromes such as 
chronic low back pain [150] and complex regional pain syndrome. [151] In some patients the 
migration pattern is limited to a small number of sites (e.g., the legs), while in other patients 
the migration pattern is quite diffuse. 
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In addition to pain, another articular issue seen in a small subset of MCAS patients 
appears to be excessive laxity (i.e., hypermobility), leading some evaluators to diagnose 
Ehlers-Danlos syndrome (EDS). However, genetic testing in such patients usually rules out 
all the types of EDS stemming from known mutations, leaving the evaluator to conclude the 
patient has type III EDS, for which no associated mutations have yet been identified. 
Curiously, some of these patients also suffer postural orthostatic tachycardia syndrome 
(POTS, especially the hyperadrenergic form) [152, 153, 154], but careful history sometimes 
reveals other symptoms attributable not to EDS or POTS but consistent with MCAS, leading 
to speculation that MCAS may be the root cause of the combined presentation of these 
disorders in some patients. 

Of note, MCAS-driven pain not uncommonly is poorly responsive to traditional 
analgesics. [155, 156, 157] In fact, traditional analgesics – both non-steroidal anti-inflam-
matories [158] and narcotics [159, 160] – can trigger flares of mast cell activation and related 
symptoms in some patients. In such patients, other pharmacotherapy directed against MCs or 
the direct or indirect effects of their mediators sometimes can be helpful, e.g., antihis-tamines 
[161, 162], cromolyn [160, 163, 164, 165], bisphosphonates [155], hydroxyurea (Afrin, 
unpublished data), etc. 

 
 

Neuropsychiatric Findings 
 
Mast cells are known to be sited not only in proximity to environmental interfaces 

(mucosa and blood and lymphatic vessels) but also in proximity to nerves. [166, 167] Also, it 
is becoming increasingly apparent that inflammation – of yet unknown source – is a 
significant factor in the development of a wide range of neurologic and psychiatric disorders. 
[168, 169, 170] Thus, it is not surprising that evidence of aberrant MC activation can be 
found in patients presenting with one or more of a very wide range of peripheral and central 
neurologic, and psychiatric, findings. 

Mast cell disease patients commonly complain of headaches [171], sometimes frequent 
and severe enough to be disabling. Prior diagnosis of (often seemingly treatment-refractory) 
migraine headache is common [40], and mast cell degranulation has been implicated in 
migraine headache. [172] 

Episodic dizziness, lightheadedness, weakness, vertigo, and presyncope are common in 
mast   cell   disease   [40,   48,   49],   though   in   the   author’s   experience   frank   syncope   seems   less  
common in MCAS than in SM. When vasomotor instability is a principal symptom, MCAS 
patients often are diagnosed as having dysautonomia and/or POTS, though they almost 
invariably have many other (neurologic and non-neurologic) symptoms which are difficult to 
attribute to this vague neurologic dysfunction syndrome. 

Inflammatory and other neuro-excitatory MC mediators are clearly operant in MCAS, as 
patients not uncommonly report symptoms of increased sensory and/or motor nerve activity 
such as tingling/numbness paresthesias and/or tics. [40] Tics tend to remain localized to the 
limited number of areas in which they initially manifest, whereas paresthesias commonly 
present as a waxing/waning issue unpredictably migrating about the extremities (more often 
distal than proximal). Much less commonly, essential resting tremors are seen, and even 
idiopathic (and sometimes anti-epileptic therapy-refractory) seizure disorders can develop. In 
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some patients, acute presyncope is mistaken for complex partial epilepsy despite minimal to 
no abnormal electroencephalographic findings. 

Electromyograms and nerve conduction studies not uncommonly are performed in 
MCAS patients with weakness, tremors, tics, or paresthesias, typically revealing normal or 
“non-specific”   findings.   Occasionally,   though,   distinctive   clinical   and   testing findings 
compatible   with   “chronic   inflammatory   demyelinating   polyneuropathy”   (CIDP)   are   found  
(sometimes accompanied by a modest monoclonal gammopathy of undetermined significance 
which likely is also MCAS-driven), and if the patient has other (neurologic, or especially non-
neurologic) symptoms not easily attributable to CIDP, the possibility of MCAS should be 
entertained. 

MCAS patients with sensory or motor neurologic dysfunction not uncommonly have 
undergone imaging procedures identifying modest anatomic abnormalities to which their 
symptoms have been somewhat illogically attributed for lack of any other readily apparent 
cause. Some patients with symptoms potentially compatible with subacute combined 
degeneration (SCD) are found to have low-normal, or even slightly low, cobalamin levels and 
are inappropriately diagnosed with, and treated for, cobalamin deficiency despite complete 
absence of any of the hematologic sequelae expected in cobalamin deficiency. As discussed 
in more detail in Hematologic Findings, MCAS-driven copper malabsorption can lead to 
copper deficiency, clinically mimicking SCD. 

There have been tantalizing hints of MC involvement in the development of multiple 
sclerosis [95, 173, 174] and amyotrophic lateral sclerosis [175]. PGD2 induces motor neuron 
loss through demyelination and enhanced astrogliosis [176]; motor neuron PGD2 receptor 
blockade can rescue such neurons. [177] There also is growing evidence of MC involvement 
in  Alzheimer’s  disease.  [95] 

Given that PGD2 is the most potent human somnogen known [178, 179], and given that 
receptors for PGD2 are known to be present in the human brain’s  sleep  center  in  or  near  the  
pre-optic area [180], it is not surprising that inordinately deep sleep is reported by some mast 
cell disease patients [181], nor should it be surprising (given other neuroexcitatory symptoms 
of the disease) that insomnia is commonly reported by these patients. [63, 182] Such patients 
often report difficulty falling asleep and difficulty staying asleep in spite of their chronic 
fatigue – which of course may be exacerbated by their sleep disruptions. 

Interestingly, obstructive sleep apnea (OSA) seems to be a relatively common problem in 
the MCAS population and,  in  the  author’s  experience,  seems  to  be  relatively  poorly  correlated  
to obesity, raising the possibility of a directly MCAS-driven aberrancy of pharyngeal muscle 
tone during sleep. Alternatively, MCAS-driven pharyngitis with associated edema may be a 
factor. [183] Of note, an association between allergic rhinitis and OSA has long been 
recognized. [184] Regardless of its cause, OSA is relatively easy to treat in most patients, and 
in   the   author’s   opinion,   all   patients   with   chronic   fatigue and/or disturbed sleep should be 
evaluated for OSA. 

Of potential relevance to consideration of neurologic issues in patients being evaluated 
for potential MCAS, PGD2 has a number of known central nervous system effects including 
osmoregulation, thermoregulation, vasomotor control, neuroendocrine control, and pain 
perception. [185, 186] 

As with the non-psychiatric neurologic issues in MCAS, the psychiatric issues, too, are 
“all  over   the  map,”  with  ample  reports  of  subtle  cognitive  disturbances,  mood  disturbances,  
irritability, pathologic anger, depression, bipolar affective disease, attention deficit disorder, 
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anxiety and panic disorders, and even frankly psychotic disorders. [40, 48, 49, 95, 168, 169, 
170] Prior diagnoses of idiopathic and often treatment-refractory panic disorders are not 
uncommon. [187] 

In  the  author’s  experience,  the  most  common  psychiatric  issue  acknowledged  by  MCAS  
patients is episodic cognitive dysfunction recognized either by the patient (who often terms it 
“brain fog”)   or, sometimes, a close associate. Such dysfunction tends to affect short-term 
memory and word-finding more so than other functions. Some patients deny specific areas of 
cognitive dysfunction but complain that it is simply their overwhelming fatigue that causes a 
global defect in thinking clearly. 

Given that stressful events often trigger acute and chronic flares of MCAS, it is not 
surprising that post-traumatic stress disorder (PTSD) is not a rare diagnosis in this population. 
[188] However, it is imperative in taking the history of a patient who is being evaluated for 
MCAS and who carries a prior diagnosis of PTSD to carefully review the history of the 
inciting trauma.  In  the  author’s  experience,  such  exercises  sometime  valuably  reveal  that  the  
long-purported inciting trauma either was trivial or perhaps even never actually occurred, and 
instead it was another stressor around the time of symptom onset that was the operant inciting 
factor. 

In addition to acute neuropsychiatric issues from MCAS, chronic/developmental issues 
may exist, too. For example, it has been observed that the incidence of autism is nearly an 
order of magnitude higher in patients with mastocytosis. [189] Most autism spectrum disorder 
(ASD) patients have food intolerances and other allergic symptoms indicative of mast cell 
activation [190], suggesting MCAS may be one possible cause of ASDs. Mast cell activation 
seems to play an etiological role in a subgroup of children with attention deficit-hyperactivity 
disorder (ADHD), too. [191] 

 
 

Endocrinologic/Metabolic Findings 
 
With scores of mediators being released by mast cells, and with each mediator having a 

wide range of direct and indirect, local and remote effects, the wide range of endocrinologic 
and metabolic effects that can be seen in assorted mast cell disease patients (both SM and 
MCAS) is not surprising. [48, 63] It quickly can become impossible to sort out direct from 
indirect effects – if such sorting could even be said to be useful. 

Most  of  the  metabolic  “abnormalities”  seen  in  the  serum or urine in SM and MCAS are 
highly non-specific, and the physician is cautioned to consider whether the clinical syndrome 
expected with increase or decrease in any given metabolite or hormone is present before 
diagnosing, let alone treating, such a syndrome. For example, vitamin D deficiency by 
laboratory criteria is often present in MCAS [192], though often with no clear correlation to 
clinical effect such as osteoporosis, and though a low plasma vitamin D level can be corrected 
by vitamin D supplementation, it is unclear what benefits, if any, are wrought from such 
supplementation in an individual with normal bone density. 

Subtle,   typically  inconstant  abnormalities  of  basic  electrolytes  and  “liver function tests”  
(most of which reflect much more than just hepatic function, of course) are de rigeur. [62, 63] 
Most common are minimal to mild elevations in aspartate transaminase and/or alanine 
transaminase and/or alkaline phosphatase. Severe hypomagnesemia (with attendant 
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symptoms) is sometimes seen, with no readily apparent cause (e.g., hungry bone syndrome) 
identifiable. 

Hypothyroidism – or at least a modest elevation in thyroid stimulating hormone in the 
serum – is common and has been linked to increased mast cells in marrow. [193] 
Hyperthyroidism,   too,   is   seen   [194]   but   in   the   author’s   experience   appears   less   common.  
Either way, anti-thyroid antibodies are often causative and detectable. In a few patients, 
though, extreme titers of anti-thyroid antibodies are seen without any clinically apparent 
thyroid disease. 

Although ferritin is widely recognized as being secreted by hepatocytes and 
macrophages, its production by the mast cell [195] is far less appreciated. Hyperferritinemia 
is quite common in mast cell disease [62], yet often it is misinterpreted as hemochromatosis 
(even in the absence of an identifiable HFE mutation) or, in the patient who has received red 
cell transfusions for any reasons, hemosiderosis. [196] It can be tempting to attribute the 
entirety of the observed hyperferritinemia in an MCAS patient to transfusional hemosiderosis 
if the patient has any transfusion history, but two clues will suggest that a not insignificant 
portion of the elevation in ferritin is of inflammatory origin. First, the serum ferritin level 
often is considerably higher than would be expected purely from the degree of hemosiderosis 
attendant to the extent of the transfusion history. Second, while the hyperferritinemia of 
transfusional hemosiderosis marches in relative lockstep with the transfusion history, the 
hyperferritinemia of inflammation (MCAS-driven or otherwise) is highly variable from one 
determination to the next. 

Mast cell disease has been clearly associated with obesity and with diabetes mellitus 
(both types) [197, 198]; of note, both obesity and diabetes mellitus (both types) are now 
clearly recognized as chronic systemic inflammatory conditions. Mast cells have been 
identified as effector cells in metabolic syndrome, too. [199] Given the intimate involvement 
of PGD2 and its metabolites in at least one key adipose management pathway [200], it is not 
surprising that there is a surfeit of lipid abnormalities in MCAS, too. [63] Elevations in total 
cholesterol and low-density lipoproteins, and decreases in high-density lipoproteins and very-
low-density lipoproteins, are not uncommon. [197] Hypertriglyceridemia, too, is common and 
often is the starkest lipid abnormality. 

Especially in patients without identifiable familial dyslipidemias, statin-refractory lipid 
elevations – even severe ones – sometimes can be corrected virtually overnight with effective 
MCAS-targeted therapy. For example, the author observed in one patient, diagnosed with 
MCAS after four decades of multisystem illness, rapid complete resolution of previously 
refractory severe hypertriglyceridemia (serum levels approximately 2,000 mg/dl) upon 
initiation of imatinib. 

 
 

Hematologic Findings 
 
Perhaps the point of greatest perplexity to physicians attempting to understand mast cell 

disease (both SM and MCAS) is how a disease that is born of a cell of hematologic origin 
[167] and is classified as a hematologic disease presents with few to no significant 
hematologic abnormalities in most cases. [62] 

Part of the answer to this conundrum lies in the fact that mast cells spend little of their 
lifespan in the marrow. Mast cells leave the marrow early, circulate only briefly, and then 
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enter the peripheral tissues where they reside for the remainder of their relatively long 
lifespan of several months to a few years. [167, 201, 202] The remainder of the conundrum 
lies in the recognition that the clinical presentation of MCAS in any given patient is entirely 
dependent on which mediators are being aberrantly released – and in which amounts, at 
which times, in which durations, and at which sites – in that patient. Hematologic 
abnormalities will not be found in patients in whom the aberrant mediator expression patterns 
do not significantly affect, directly or indirectly, hematopoiesis or blood cell circulation. 

There appear to be only a few mutations (most centered around KIT exons 8 and 9, 
particularly codon 816) which drive proliferative mast cell disease (i.e., mastocytosis) 
resulting in increases in marrow mast cells (systemic mastocytosis). In one study, random 
marrow biopsies missed this patchy infiltrative disease approximately one-sixth of the time 
[203], so a second marrow biopsy may be helpful if there is clinical suspicion of mastocytosis 
but an initial biopsy is unrevealing. Alternatively, the clinician and patient can consider 
bilateral biopsies in a single session. Mast cells in the marrows of mastocytosis patients are 
typically organized in small clusters and appreciated to have aberrant (often spindled) 
morphology and immunophenotype. [20, 37, 204, 205, 206] However, such diseases, born of 
rare mutations, are themselves rare. [207] 

In contrast, MCAS is a relatively non-proliferative disease in which there also seems to 
be relatively little of the anti-apoptotic forces that account for the majority of the mast cell 
accumulation in mastocytosis. [208] As such, in MCAS patients there seldom are readily 
detectable increased numbers, abnormal morphologies, abnormal immunophenotypes, or KIT 
codon 816 mutations in marrow mast cells. [37, 48] 

As it is now appreciated that the serum tryptase level is more reflective of the total body 
load of mast cells and less reflective of their activation state [16, 17], patients suspected of 
harboring systemic mast cell disease but who have serum tryptase levels less than twice the 
upper limit of normal (i.e., the lower limit for diagnosis of systemic mastocytosis as specified 
in the 2008 World Health Organization consensus criteria [209]) do not necessarily require 
marrow examination during the diagnostic evaluation given the low yield of this procedure. 
Again, given that MCAS is a relatively non-proliferative disease, most patients in this 
population present with normal serum tryptase levels [48], even during symptomatic flares of 
disease; a minority of patients will manifest slightly elevated levels (below the twice-upper-
normal limit in the WHO criteria), and an occasional patient will manifest a level which is 
inconstantly slightly above the threshold in the WHO criteria. As previously noted, a recent 
consensus proposed recognizing modest elevations in serum tryptase during symptomatic 
flares (20% above baseline, plus an additional 2 ng/ml) as demonstrative of mast cell 
activation, but the validity and clinical utility of this calculation have not been specifically 
studied. [42] 

Many MCAS patients present with 100% normal complete blood counts, leukocyte 
differentials, and, when examined, bone marrow aspirates and biopsies. [48] However, a large 
minority of MCAS patients present with (typically subtle, but sometimes severe) 
abnormalities in blood or marrow which may be significant clues to the presence of the 
disease.  In  the  author’s  experience,  the  most  common  abnormality  in  the  peripheral  blood of 
MCAS patients is a monocytosis on the leukocyte differential. This monocytosis is much 
more commonly a relative monocytosis rather than an absolute monocytosis, and it is usually 
subtle enough (1-5 absolute percentage points above the upper limit of normal of about 10%) 
that most physicians give little thought to the possibility that such a finding may be 
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diagnostically  significant.  This  monocytosis  is  usually  not  seen  across  all  of  a  patient’s  serial  
blood counts but usually is seenoften enough across the series to be provocative, suggesting at 
a minimum some sort of inflammatory state is present. Similarly patterned elevations in 
eosinophils (in degree and persistence) are seen in somewhat fewer MCAS patients than who 
manifest a monocytosis. Similarly patterned basophilia is seen in even fewer patients but, as 
with a fairly persistent relative or absolute monocytosis or eosinophilia which cannot be 
attributed to any other evident disease, can be a clue to the presence of MCAS. Also, a similar 
pattern   of   “reactive   lymphocytes”   is   sometimes   seen   on   the   leukocyte   differentials,   but  
identification of such requires the physician to order a manual differential, as routine 
automated differential rarely distinguish such cells. 

Aside from these subtle and often missed or ignored abnormalities in the leukocyte 
differentials, minor abnormalities in any or all of the blood cell counts are common in MCAS. 
As is the case with the many other systems affected by the disease, the heterogeneity of these 
hematologic abnormalities across the MCAS patient population is likely due to the mutational 
heterogeneity of the disease which drives heterogeneity in aberrant patterns of mediator 
expression, thereby heterogeneously affecting hematopoiesis and blood cell trafficking. 

Independent of the above-noted common abnormalities in the leukocyte differential, there 
may be a leukocytosis or leukopenia which, if present, is usually modest in degree but on 
occasion can be severe and seemingly idiopathic despite intensive investigation. [210] 

Similarly, thrombocytosis or thrombocytopenia may be present (for the same reason, i.e., 
mutational heterogeneity leading to mediator expression heterogeneity) and is typically 
modest in degree. However, platelet count abnormalities in MCAS are sometimes severe and 
engender diagnoses of essential thrombocytosis or immune thrombocytopenia. In cases of 
thrombocytosis, analysis for any of the mutations in Janus kinase 2 (JAK2) typically 
associated with the classic BCR/ABL-1-negative chronic myeloproliferative neoplasms 
(MPNs, including polycythemia vera, essential thrombocytosis, and myelofibrosis, for the 
most part) may be positive or negative. Even when positive, though, such mutation analysis 
does not necessarily rule out underlying, or at least co-morbid, MCAS when there are 
findings in the presentation which cannot be easily attributed to the apparent MPN. Given the 
propensity of MCAD patients to develop hematologic malignancies of potentially any type 
[204], it is possible for a JAK2-positive MPN, too, to have developed secondary to mast cell 
disease (including SM and MCAS). [211, 212] 

With regard to red cells, too, MCAS patients may present with increased or decreased 
numbers. Erythrocytosis – presumably   due   to   “paraneoplastic”   release   of   erythropoietic  
mediators either directly by mast cells or indirectly by other cells being driven by aberrant 
MC mediator release – is typically modest and without JAK2 mutations, but such patients not 
uncommonly are nevertheless mistakenly diagnosed with, and treated for, polycythemia vera 
(it is unknown what portion of the 2% of JAK2-wild-type polycythemia vera patients have 
underlying, or at least co-morbid MCAS) – and unsurprisingly show little symptomatic 
improvement with phlebotomy. [54] (Such patients treated with hydroxyurea may show more 
symptomatic improvement since this drug can help control some aberrant mast cell 
populations.) Some MCAS patients also suffer obstructive sleep apnea (an etiologic role for 
uvular mast cells has been postulated [213]), and the physician must be careful to rule out 
chronic, or at least nocturnal, hypoxemia as a cause of an erythrocytosis that can be anywhere 
from mild to severe in degree. 
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The erythrocytosis of MCAS usually is mildly macrocytic; it is unclear whether this 
reflects more a reticulocytosis driven by aberrant erythropoietic mediator release vs. 
dysplastic erythropoiesis. MCAS-driven erythrocytosis rarely is of such a degree as to 
consume iron in excess of the ability to ingest and absorb iron, but on occasion true iron 
deficiency is seen in MCAS patients (whether due to bleeding lesions or iron malabsorption) 
and inevitably results in the expected microcytosis. 

To be sure, although erythrocytosis is seen in some MCAS patients, anemia is the far 
more common erythrocytic abnormality seen in these patients. As with the erythrocytosis of 
MCAS, anemia is typically mild to moderate in degree but sometimes, with a marrow shown 
to be empty of red cell precursors, can be severe and mistaken for parvovirus B19-negative 
pure red cell aplasia (PRCA) which typically does not respond well to classic therapies for 
PRCA. [55] 

An exemplar of the heterogeneity of MCAS all in itself, anemia in MCAS is typically 
mild but can be moderate or severe, and it can be normocytic, macrocytic, or microcytic. As 
MCAS  virtually  always  causes  the  patient  to  have  a  “chronic  inflammatory  state,”  normocytic  
anemia is never surprising. As with MCAS-driven erythrocytosis, when MCAS-driven 
anemia is macrocytic, it is usually modest (mean corpuscular volume (MCV) approximately 
100 fL); again, it is unclear whether reticulocytosis or dyserythropoiesis is dominant. It is 
possible that some cases of the recently defined idiopathic dysplasia of uncertain significance, 
and perhaps even the recently defined idiopathic cytopenia of uncertain significance, may be 
MCAS, but this has not been studied. [368] When the anemia is moderate to severe, or the 
macrocytosis is more pronounced (MCV approximately 105-110 fL), marrow examination to 
rule out a true myelodysplastic syndrome (whether a coincidental primary lesion or an 
MCAS-driven secondary lesion) is essential. The most severe macrocytoses (MCVs in excess 
of 115 fL, often together with red cell distribution widths (RDW) in excess of 25) 
immediately raise the question of cobalamin or folate deficiency. Of these two abnormalities, 
cobalamin deficiency is the more common and may or may not be associated with subacute 
combined degeneration, and it is imperative to identify whether pernicious anemia (PA, due 
either to anti-intrinsic factor antibodies or anti-parietal cell antibodies) is present, as PA can 
be associated with autoimmune thyroid disease and gastric malignancy and requires 
surveillance for both). Folate deficiency is less common and, in the absence of obvious 
alcohol abuse or an inborn hemolytic condition such as sickle cell anemia, immediately begs 
the question of an acquired chronic autoimmune hemolytic anemia as one of the potential 
autoimmune consequences of MCAS. Non-immune  (“Coombs-negative”)  chronic  hemolytic  
anemia may be due to paroxysmal nocturnal hemoglobinuria (PNH), an ultra-orphan disease 
(estimated 5-10  cases  per  million)  whose  “root”  deficiency  of   the  glycophosphatidylinositol  
(GPI) cell-surface-protein-anchor (due to acquired mutations in the PIG-A gene) explains 
both the susceptibility of affected erythrocyte to complement-mediated lysis and the 
effectiveness of the anti-complement-factor-5 monoclonal antibody therapy eculizumab in 
managing the hemolytic aspects of this disease, but the many other symptoms often found in 
PNH patients which are not readily attributable to hemolysis, and the much more variable 
response of such symptoms to eculizumab, may suggest an underlying MCAS which 
eventually results in PNH via a PIG-A mutation akin to how MCAS may result in, say, acute 
leukemia via a chromosome 7 mutation affecting a myeloid growth factor (or growth factor 
receptor) gene or myeloma via a chromosome 13 mutation. 
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A steadily worsening microcytic anemia in the MCAS patient is most commonly due to 
iron deficiency, though a deficiency in copper is possible, too. Confoundingly, though, 
anemia in copper deficiency is sometimes normocytic or even moderately macrocytic. [369] 

Iron deficiency in such patients usually is due to an MCAS-driven selective iron 
malabsorption (and often corrects with simple H1/H2 histamine receptor blockade), but it 
remains imperative to rule out chronic bleeding from the gastrointestinal and genitourinary 
tracts. Presuming upper, lower, and capsule endoscopy and urinalysis find no source of 
bleeding, a simple oral iron absorption test can be easily conducted in the office (regardless of 
whether the patient is presently receiving iron supplementation by any route) to identify 
whether iron malabsorption is present. Many different versions of the oral iron absorption test 
have been described but have faced assorted challenges including radiation exposure and poor 
reproducibility. A more recently developed approach which addresses some of these problems 
involves first obtaining a blood sample to be tested for baseline plasma iron concentration, 
then administering a 100 mg dose of sodium ferrous citrate, and then determining another 
plasma iron concentration   two   hours   later.  An   increase   of   less   than   50   μg/dL   is   consistent  
with malabsorption. [214] 

Iron malabsorption in MCAS can be due to a variety of causes. Although classically 
taught as a macrocytic anemia, pernicious anemia [215, 216] can present with microcytosis 
and iron deficiency resulting from MCAS-driven immune dysfunction leading to anti-parietal 
cell antibodies which in turn cause gastric achlorhydria, impeding absorption of non-heme 
dietary iron every bit as much as can be seen with iatrogenic achlorhydria. Iron malabsorption 
has been found in up to half of patients with inflammatory bowel diseases, many of which are 
increasingly suspected to be due to mast cell disease. [217, 218] The expression of the master 
regulator of iron homeostasis, hepcidin, whose upregulation leads to downregulation of 
transfer of absorbed iron from the duodenal enterocyte into the circulation, is induced by 
various inflammatory cytokines including interleukin-6 [219], one source of which is the mast 
cell. [220] Tumor necrosis factor alpha, too, interferes with this transfer and is produced by 
various cellular sources including the mast cell. [281] Iron malabsorption is sometimes seen 
with gastric acid suppression therapy, too (though it is much more commonly seen with 
proton pump inhibitors than H2 receptor blockers). Such therapy is used to treat the gastritis 
and gastroesophageal reflux symptoms of MCAS and can inhibit acid production so 
effectively that there remains insufficient acid to convert ingested non-heme iron from the 
poorly soluble, poorly absorbed ferric state to the much more soluble and absorbable ferrous 
state. [221, 222, 223] Thus, sometimes discontinuation of the proton pump inhibitor (or at 
least a change from proton pump inhibitor therapy to H2 receptor blockade therapy) is all that 
is required to restore adequate iron absorption. 

Copper deficiency in MCAS patients usually is a result of a selective copper 
malabsorption (via yet undetermined specific mediator aberrancies), but the physician must 
be alert to the possible presence of zinc toxicity (which can cause copper deficiency), as some 
MCAS patients take excessive quantities of over-the-counter zinc preparations which are 
advertised to improve some of the constitutional issues suffered by MCAS patients. Also, the 
dental issues in MCAS patients can lead to early need for dentures, and overuse of zinc-based 
denture adhesives can lead to zinc toxicity which in turn can cause copper deficiency with its 
expected hematologic and (cobalamin-deficiency-mimicking) neurologic consequences. [224, 
225] 
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Hypothyroidism is an uncommon cause of microcytic anemia [226], but it is a common 
consequence of MCAS. [48] Simple history or inexpensive testing usually can exclude 
hypothyroidism as a contributor to microcytosis in anemic MCAS patients. 

All of these pointers regarding microcytic anemia having been stated, the physician is 
cautioned to carefully review the long-term trends in hemoglobin and MCV before setting off 
down the potentially long and expensive path of evaluating for iron or copper deficiency. It is 
worsening anemia and microcytosis that signal pathologic micronutrient deficiency. 
However, some MCAS patients, in spite of all of their symptoms, manifest stable anemia and 
microcytosis, and thalassemia should be considered in such patients who are of at-risk 
ethnicities; congenital or acquired sideroblastic anemia, too, should be considered. Of course, 
other (not necessarily microcytic) inborn hemoglobinopathies can also co-exist with MCAS 
and sometimes (such as in the oft-symptomatic sickle cell anemia patient) may obscure 
recognition of co-morbid MCAS. 

An occasional MCAS patient will manifest low serum iron and ferritin concentrations 
ordinarily suggestive of iron deficiency – yet the MCV and red cell distribution width will be 
virtually normal, clearly ruling out iron deficiency. It is hypothesized that such patients may 
harbor MCAS-driven aberrant mediator expression patterns which alter iron transport in the 
circulation but not utilization in the marrow. Such isolated findings of low serum iron and 
ferritin do not in themselves call for treatment. 

The marrow in MCAS patients usually is normal, with cytogenetic studies usually 
showing normal karyotypes or culture failures. The most common abnormal pattern in the 
marrows of MCAS patients is a non-specific, mild myeloproliferative/myelodysplastic 
appearance [54] (often seen in SM, too [227]) which the pathologist is reluctant to 
definitively label as either a myeloproliferative disorder or a myelodysplastic syndrome 
(MDS), yet the appearance of the word  “dysplasia”  in  the  report  often  leads  the  clinician  to  
diagnose the patient with, and treat the patient for, MDS. When the marrow in MCAS appears 
less than definitively dysplastic and the karyotype is normal (and other molecular probing for 
MDS-associated mutations is negative), and/or the patient responds poorly to MDS-targeted 
therapy, the physician who is considering MDS in the differential diagnosis should also 
consider MCAS. 

Regardless of whether the marrow in an MCAS patient is reported as normal or as the 
above-noted mild non-specific abnormality, it is rarely the case that increased mast cells, or 
aberrant mast cell morphology or immunophenotype or KIT codon 816 mutations, are 
identified. Again, this is in distinct contrast to what is expected in SM. Given that there are no 
known differences in prognosis or therapy for MCAS vs. indolent SM (which comprises the 
greatest fraction of SM cases [204]), some investigators feel that if the serum tryptase is 
elevated little to none (signifying likely absence of a proliferative mast cell disease) and there 
are no other clinical or laboratory suggestions of non-mast-cell-lineage hematologic malig-
nancy, it is reasonable to omit a marrow examination from the evaluation of patient suspected 
of having MCAS. [48, 370] 

 
 

Coagulopathic Findings 
 
Excessive clotting and/or bleeding issues are not rare in MCAS patients. While it is 

possible for virtually any bleeding disorder to be present as a coincidental co-morbidity in an 
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MCAS  patient,  the  bleeding  typically  seen  in  those  MCAS  patients  who  do  manifest  “easy”  
bleeding or bruising may be due to flares of disease which elaborate heparin (the first 
discovered mast cell mediator [10, 11]) into local tissues which also may be primed for 
bleeding due to a friable state induced by chronic release of inflammatory mediators by the 
mast   cell   disease.   In   the   author’s   experience,   the   bleeding  most   commonly   seen in MCAS 
patients is a history of  “easy  bruising”  and/or  an  intermittent  unprovoked  epistaxis  which  is  
typically mild and does not require professional intervention, but more severe bleeding (nasal 
and elsewhere) is certainly possible. Curiously, although menorrhagia can be a presentation of 
MCAS, many female MCAS patients who report easy bruising and/or epistaxis report normal 
menses, perhaps underscoring the importance of (in)appropriate localization of aberrant mast 
cells in producing some of the symptoms and findings in the disease. Some MCAS patients 
only present with abnormal bleeding in the context of surgical and non-surgical trauma, in 
which the bleeding is confined to the traumatized site and often leads to extensive, but 
perplexingly normal, coagulation studies. In some such cases, modest coagulation study 
abnormalities lead to inappropriate diagnoses of rare coagulopathies such as certain rare 
subtypes of von Willebrand disease based on only modest abnormalities in specific testing for 
such disorders. Absent highly abnormal results on highly specific tests for uncommon 
coagulation disorders, hematologists should be careful to consider the possibility of 
underlying mast cell disease when evaluating puzzling bleeding or thrombotic coagu-
lopathies, especially when localized. 

When local elaboration of heparin due to mast cell disease (SM or MCAS) is identified as 
the definitive or likely cause of an odd, clinically significant local bleeding pattern, mast cell-
targeted therapy (e.g., H1/H2 histamine receptor blockade) often is helpful. Occasionally in 
more severe cases, local administration of protamine, if feasible, may be warranted, and in the 
most severe cases, systemic thrombolysis inhibitors (tranexamic acid or aminocaproic acid) 
may become necessary. 

Thromboembolism is not a rare event in MCAS patients and sometimes occurs without 
any coagulation system abnormality being identifiable. However, many such cases manifest 
subtle abnormalities (high or low) of prothrombin time (PT) and/or partial thromboplastin 
time (PTT) which are not readily attributable to their present anticoagulation therapy (e.g., an 
elevated PTT in a patient whose only anticoagulant is warfarin), and in such cases the 
physician must consider the possibility of an anti-phospholipid antibody syndrome. Eval-
uation in such cases for beta-2-glycoprotein-1 antibodies, anti-cardiolipin antibodies, and 
lupus anticoagulant (even in patients who have abnormal PTTs but normal PTs) is warranted. 
When such antibodies are identified and persist for more than 12 weeks, diagnosis of an anti-
phospholipid antibody syndrome and chronic anticoagulation (initially with warfarin, to an 
INR of 2.0-3.0) are appropriate. [228, 229, 230] The utility of testing for anti-prothrombin 
antibodies remains controversial. Although the use of aspirin might seem tempting given its 
dual effects of inhibiting platelet function and certain mast cell functions, aspirin appears to 
be inferior to warfarin in reducing the risk for anti-phospholipid antibody-associated 
thromboembolism. [231, 232] 

MC heparin has recently been shown to interact with the coagulation system in manners 
other than just activating anti-thrombin III. MC heparin activates Factor XII, leading to 
activation  of  the  rest  of  the  “intrinsic”  clotting  cascade, perhaps another mechanism by which 
MCAD can promote thrombosis. Also, heparin released from MCs initiates, in a Factor XII-
dependent manner, formation of bradykinin which engages endothelial kinin-b2 receptors 
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resulting in vascular dilation and leakage, i.e., a non-histamine-mediated route by which 
MCAD can cause angioedema and potentially even hypotension or presyncope. [371] 

 
 

Immunologic Findings 
 
A review of the immunologic consequences of mast cell disease is beyond the scope of 

this chapter. For present purposes it must suffice to say that both cellular immune deficiencies 
and humoral immune abnormalities are common in MCAS, leading to impairments of any or 
all of the primary functions of the immune system which in turn lead to increased 
susceptibility to infection, increased development of autoimmune conditions, impaired 
healing, and increased risk for malignancies of all types (especially hematologic malig-
nancies). [58, 233, 234] 

Hypersensitivity reactions of all types (I, II, III, and IV) can be seen in mast cell disease 
[58], and many such patients report multiple and/or odd hypersensitivity reactions. [48] The 
physician must be alert to hypersensitivity reactions which can occur not only in acute fashion 
but also subacute or delayed. 

MCAS patients often have increased difficulties with infection [58, 235], both more 
frequent infections than previously experienced (at common and uncommon sites, and with 
common and uncommon organisms) and oddly prolonged infectious episodes in spite of 
known correct antibiotic therapy. This is, in one sense, a manifestation of the known 
propensity for poor healing in patient with dysfunctional mast cells. 

An increased risk for hematologic malignancy (of potentially any type, but more 
commonly myeloid) is well established in mast cell disease [204], but suggestions are 
emerging of increased risk for a wide range of other malignancies as well. [234] Whether this 
risk is due to direct involvement of aberrant mast cells in the development of cancer-causing 
mutations and/or due to mast cell disease-driven suppression of immune surveillance creating 
a permissive environment for carcinogenesis is unclear. Mast cell involvement in peritumoral 
angiogenesis is well established, as is the common presence of increased mast cells in a 
variety of solid tumors. [236] Whether tumor-associated mast cells are normal (i.e., mast cells 
recruited both in support of angiogenesis as well as in an effort to repair the tissue damage 
done by malignancy) or whether there might be a subpopulation of such mast cells whose 
aberrant activation (i.e., MCAS) serves as a primary provocation of such tumors is unknown. 

The activated mast cell controls the key events in wound healing: triggering and 
modulation of the inflammatory stage, proliferation of connective cellular elements, and final 
remodelling of newly formed connective tissue matrix. Surplus or deficit of degranulated 
mediators impairs repair by causing exuberant granulation tissue, delayed closure, and 
chronic inflammation. [233] 

Mast cells influence initiation and effector phases of autoimmune diseases via many 
mechanisms including promoting dendritic cell maturation and migration to secondary 
lymphoid organs, directing T cell differentiation, and orchestrating the migration of T cells 
and other immune cells to the sites of tissue inflammation. Variable effects of mast cells are 
related to the activating stimulus, tissue site, proximal target cells, and genetically determined 
variability in mediator production. [58] 
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Distinction of MCAS-induced inflammation and autoimmunity from inborn 
autoinflammatory syndromes (usually identified relatively early in childhood) is challenging 
and requires a high index of suspicion and expensive genetic testing. 

 
 

DIAGNOSTIC APPROACHES TO MAST CELL ACTIVATION SYNDROME 
 
Diagnosis of MCAS is often difficult for many reasons, principally the cognitive 

challenge it poses to the diagnostician. The average physician is capable of considering only a 
handful of clinical elements at a time when attempting to recognize diagnostic patterns of 
presentation (e.g., fever, night sweats, and hemoptysis suggest a possibility of tuberculosis). 
[237] Temporal factors are important to human cognition, too. The human mind is 
increasingly challenged at recognizing patterns when events occur with less temporal 
regularity and less temporal proximity to one another. Furthermore, repetition of presentation 
is key for diagnostic efficiency. The physician who repeatedly sees the same set of elements 
present in the same temporal pattern will be able to recognize the same pattern more 
efficiently in the future. [238] 

MCAS, though, seems almost artificially engineered to confound diagnosticians. Its great 
menagerie of underlying activating mutations,  combined  with  the  mast  cell’s  normal  function  
of producing and releasing a cornucopia of highly potent mediators (each with multiple direct 
and indirect, local and remote effects) [47], ensures a tremendous range of clinical 
presentations. Once a full history is obtained, it is evident that the average MCAS patient 
presents with a large number of symptoms and findings, and many of these presenting 
elements wax and wane over time periods ranging from minutes to years, often with no clear 
temporal relationship to one another. Though the general motif of the clinical presentation of 
MCAS is chronic multisystem polymorbidity of a generally inflammatory theme, many 
elements  of   the  presentation   are  not   clearly   “inflammatory”   (e.g.,   electrolyte abnormalities, 
osteoporosis, migratory edema, etc.). Moreover, many other elements, while discovered 
relatively recently to be inflammatory in nature, still are not understood by most physicians to 
be inflammatory phenomena (e.g., atherosclerotic vascular disease, obesity, psychoses). 

All of these factors, of course, conspire to ensure that the key element of repetition is 
nearly absent from the MCAS landscape. Even the physician who is highly attuned to the 
general theme and heterogeneity of MCAS presentations may make the diagnosis in dozens 
of patients before finding one whose presentation is relatively similar to any of the others 
already diagnosed. 

Yet another confounder is the disincentivization by the typical modern health care system 
to invest the substantial time often needed to make the diagnosis. [239, 240, 241] At present, 
most MCAS patients live a life of chronic unwellness, accruing over time more and more 
diagnoses often of unclear etiology and suboptimally responsive to therapy. Those who are 
diagnosed with MCAS typically have seen many physicians over many years and have 
undergone many tests and empiric therapies. The complexity of the typical MCAS 
presentation requires the diagnostician obtain a complete (often life-long) history, carefully 
review often quite voluminous past records, perform a thorough physical examination, order 
several laboratory tests which require careful education of the patient and laboratory staff, and 
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review results which often are not available until weeks later. However, many modern health 
care systems do not compensate physicians for such an extent of work. 

The modern trend toward subspecialization of the physician work force [242, 243] also 
works against the MCAS patient. Subspecialists tend to limit the range of clinical elements 
they consider in forming a differential diagnosis to the elements commonly involved with the 
systems they commonly manage. The cardiologist gives more consideration to palpitations, 
less to diarrhea; the gastroenterologist, vice versa. MCAS, though, is a prototypical 
multisystem disease, and failure by the diagnostician to consider the full range of presenting 
elements  (forgetting  or  ignoring  in  practice  the  maxim  of  Occam’s  Razor  learned  in  training) 
virtually guarantees failure to recognize MCAS. MCAS patients typically are not so special, 
so uniquely unlucky, as to have acquired 20 problems all independent of one another; rather, 
it is much more likely that they have but a single problem which is biologically capable of 
causing all of the observed findings. 

Even absent extensive experience with MCAS, though, the diagnostician can be aided in 
suspecting MCAS by remembering just a few simple tips: 

 
(1) As mentioned above, the general presenting motif of MCAS is chronic multisystem 

polymorbidity, generally of an inflammatory theme and with assorted elements 
waxing and waning over time, sometimes in synchronization with one another but 
more often cycling with different periods and amplitudes. 

(2) When there are symptoms and findings not classically expected with, or not easy to 
attribute   to,   the   patient’s   established   diagnoses,   alternative   diagnoses   must   be  
entertained  to  account  for  these  “leftover”  elements,  and  given  the  universal  truth  of  
Occam’s  Razor,  it  becomes  more  likely  that the same diagnosis that accounts for the 
leftover elements also accounts for the established diagnoses. 

(3) The   range   of   mast   cell   mediators   and   their   effects   is   so   great   that   “unusual”  
presentations actually become de rigeur. That is to say, although any given unusual 
presentation remains unusual, the full set of unusual presentations constitutes a large 
fraction of the total set of presentations. Thus, when the clinician recognizes an 
“unusual,”   “odd”,   “weird”,   “bizarre,”   or   “strange”   element   in   the   patient’s 
presentation–e.g.,   “allergies”   to   typically   innocuous   medications,   migratory   rather  
than dependent edema, severe and highly variable hyperferritinemia not attributable 
to  the  patient’s  transfusion and chelation history, etc. – his  “MCAS  radar”  should  go  
on alert. The presence of an unusual element in the presentation by no means 
establishes a diagnosis of MCAS, but it sometimes can be the first spark toward 
lighting a fire of recognition. 

 
Thus, the largest impediment to diagnosing MCAS may simply be suspecting it. Once 

MCAS has been suspected, though, how should the diagnostic evaluation proceed? 
Given that MCAS has come to be recognized only recently, and given its heterogeneity, it 

is not surprising that there is not yet a definitive consensus regarding diagnostic criteria. 
In late 2010 Akin et al. proposed the diagnosis be permitted if a patient met all of the 

following four criteria: (1) symptoms consistent with aberrant mast cell mediator expression, 
(2) laboratory evidence of aberrant mast cell mediator expression, (3) absence of any other 
evident disease better explaining the full range of findings in the patient, and (4) at least 
partial response to therapy targeted controlling mast cells or blocking mast cell mediators. 
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[40] Objections voiced to these criteria included the limited range of validated mediators of 
mast cell activation vis-à-vis the large number of mast cell mediators. [41] Also, that the 
mutational heterogeneity (and corresponding heterogeneity of mediator expression) would 
virtually ensure heterogeneity of therapeutic response was recognized in a modified proposal 
published in early 2012 by Valent et al. [42] 

In 2011 Molderings et al. proposed a set of two major and four minor criteria (modified 
from the World Health Organization 2008 consensus diagnostic criteria for systemic 
mastocytosis) [48]: 

Major criteria: 
 
(1) Multifocal or disseminated dense infiltrates of mast cells in bone marrow biopsies 

and/or in sections of other extracutaneous organ(s) (CD117-, tryptase-, and CD25-
stained) 

(2) Unique constellation of clinical symptoms secondary to a pathological increase in 
mast cell activity (mast cell mediator release syndrome) 

 
Minor criteria: 
 
(1) Mast cells in bone marrow or other extracutaneous organ(s) show abnormal 

morphology (>25%) in bone marrow smears or on histological examination 
(2) Mast cells in bone marrow express CD2 and/or CD25 
(3) Detection of genetic alterations in mast cells from blood, bone marrow, or 

extracutaneous organs, which have been confirmed to result in an increase in the 
activity of affected mast cells. 

(4) Evidence of a pathological increase in mast cell activity through detection of an 
elevated level of at least one sensitive mast cell-derived mediator, i.e., tryptase, 
heparin, histamine, PGD2, chromogranin A, leukotrienes (and their assorted 
metabolites) in blood and/or urine 

 
Molderings et al. proposed that MCAS be diagnosed if both major criteria are present 

(with or without any minor criteria) or if the second major criterion and at least one minor 
criterion are present. 

In early 2012 Valent et al. proposed a modification of the Akin et al. criteria. The 
requirement for demonstrating at least partial response to mast cell- or mast cell mediator-
targeted therapy was relaxed to a preferable but not required criterion. [35] Also, the range of 
mediator aberrancies supportive of the diagnosis was expanded to include an increase in 
serum tryptase, during a flare of symptoms, of 20% over the baseline serum tryptase level 
plus an additional 2 ng/ml. It was noted that this algorithm has not yet been validated. 

Clearly, the diagnostic criteria for MCAS have been rapidly evolving, and given the 
increasing pace of research in this area, continued rapid evolution should be expected. 

In  the  author’s  opinion,  an  initial  laboratory  survey  for  evidence of MCAS should include 
a complete blood count with manual differential, a comprehensive metabolic panel, serum 
magnesium, quantitative immunoglobulin profile if the patient has had frequent problems 
with infection, prothrombin time (PT) and partial thromboplastin time (PTT) if the patient has 
had easy bruising or bleeding or thromboembolic events, serum tryptase, serum chromogranin 
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A, plasma histamine, chilled plasma PGD2, stat chilled plasma heparin (in patients not on 
exogenous heparin products), and chilled urine for PGD2 and N-methylhistamine. 

Tryptase has been well established as a highly specific mast cell mediator. [14] Its 
biology is complex; many isoforms with different behaviors and functions have been 
elucidated. [15] It is heat-labile [244, 245] and has a relatively short half-life in vivo (from 6-8 
minutes in healthy subjects to 1.5-2.3 hours in patients with hypersensitivity reactions), 
longer (~4 days) in separated serum. [246] The WHO 2008 diagnostic criteria for mast cell 
disease call only for the measurement of total serum tryptase, setting a threshold of 20 ng/ml 
as the minimum level consistent with a diagnosis of systemic mastocytosis. [209] It is unclear 
whether measurement of specific isoforms of tryptase would be beneficial in diagnosing 
MCAS, and thus at present the measurement only of total serum tryptase can be 
recommended in the evaluation of a patient suspected of having MCAS. Although the serum 
tryptase level usually is not elevated in MCAS [37, 48] due to the relatively non-proliferative 
nature of the mast cells in this disease, an elevated level can be found in a minority of MCAS 
patients,   and  any  elevation  at  all   can  help  buttress  a  diagnostician’s   suspicions  of  mast  cell  
activation  being  involved  in  the  patient’s  illness. 

Elevated serum levels of chromogranin A (another known mast cell product [47, 247] 
which appears quite heat-stable [248]) can be helpful toward diagnosing MCAS, but other 
potential causes (heart failure, renal insufficiency, proton pump inhibitor (PPI) use, and 
neuroendocrine cancer) should be excluded. Changes in serum chromogranin A level in 
response to initiation or cessation of PPI therapy are fairly reliable and rapid (within 5 days 
[249]) but highly variable in magnitude [250, 251], likely due to multiple mechanisms 
including pharmacogenomic polymorphisms (largely in cytochrome p450 isoenzyme 2C19 
[252]) and increase in density of chromogranin A-secreting enterochromaffin cells (especially 
in gastric tissue) in response to gastric acid reduction. [253] 

Although it was the first mast cell mediator to be discovered [10, 11] and is a highly 
sensitive and specific indicator of mast cell activity [32, 254], heparin is difficult to measure 
in the clinical setting. Heparin has a short half-life and decomposes rapidly even at chilled 
temperatures. [254] Seidel et al. [254] reported an upper limit of normal of 0.02 anti-Factor 
Xa units/ml, but the utility of assessing the plasma heparin level for evidence of MCAS is 
limited by many commercially available assays having a lower limit of detectability of 0.10 
anti-Factor Xa units/ml. Still, an occasional MCAS patient will manifest a level of 0.10 anti-
Factor Xa units/ml or greater. 

Histamine is slightly less specific for mast cell disease than tryptase in that histamine is 
also released by basophils. Histamine is not heat-labile [255] and has a short half-life in vivo 
[256, 257] (estimates have ranged from 1 minute to 1 hour and may vary based on increased 
histaminase activity during anaphylaxis [258]), but it appears stable in separated plasma at 
room temperature for at least 48 hours [259]. Its major metabolite, N-methylhistamine, has a 
longer half-life in vivo [257], which is why it is a preferable measure over histamine, 
especially when a sample cannot be collected during or immediately after a flare of 
symptoms. 

Although also produced in macrophages [260, 261, 262, 263], Langerhans cells [264], 
liver endothelium [263], platelets [265], Th2 helper T cells [266], stimulated osteoblasts 
[267], and possibly adipocytes [268], prostaglandin D2 appears to be far dominantly produced 
in mast cells [269, 270], yielding attractive specificity for clinical detection of MCAD. In 
patients with MC activation producing increases in urinary N-methylhistamine, the fold 
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increase in urinary PGD2 is substantially greater than seen for the histamine metabolite. [271] 
However, PGD2 appears to have an even shorter half-life than histamine (on the order of 1-30 
minutes in various studies). [272, 273, 274] In fact, PGD2 is metabolized so rapidly that its 
measured levels may substantially underestimate its total production. [275] Some PGD2 
metabolites, though, are more stable than the parent compound (e.g., 9α,11β-PGF2 [269]), 
leading some to preferentially test such metabolites over PGD2. (PGF2α, too, is a more stable 
metabolite of PGD2, but far more PGF2α comes from reduction of PGH2, and even some from 
PGE2, which are produced by a range of other types of cells [276], making the value of PGF2α 
as a marker for mast cell activity somewhat unclear.) Assays of levels of histamine and 
prostaglandin metabolites are further complicated by the need of many laboratories to ship 
samples to a reference laboratory for measurement. Care must be taken by the patient and 
laboratory staff to maintain the samples (particularly for heparin and PGD2) in chilled 
condition throughout collection, transport, storage, and shipment until final processing. Non-
steroidal anti-inflammatory agents, which inhibit cyclooxygenase and thus limit prostaglandin 
production, can result in low PGD2 levels in the blood and urine. It is unclear whether urinary 
PGD2 is exclusively the product of the kidneys [277] or dominantly a filtering of plasma 
PGD2 [269]. If the former is true, a low urinary PGD2 could be due to renal disease – though 
certainly patients with renal disease due to activated infiltrated mast cells can manifest 
elevated urinary PGD2 levels. Therefore, renal insufficiency is not a reason to forego testing 
of the urinary PGD2 level. 

A 24-hour urine collection is preferred over a spot/random collection given the 
evanescence of mediator flares and the short half-life of many mediators makes spot urine 
samples and blood samples somewhat less likely to catch (often transiently) elevated levels of 
mediators. 

Elevated levels of mast cell mediators not uncommonly are not detectable unless the 
patient is markedly symptomatic. If the history is consistent with MCAS but an initial 
laboratory screen for elevated mast cell mediators is normal, repeat screening is warranted 
when the patient is more symptomatic, most preferably when symptoms are acutely flaring. If 
possible, hourly determinations of serial levels of serum tryptase, chilled plasma PGD2 and 
histamine, and chilled spot urinary PGD2 and N-methylhistamine should be pursued at 
baseline and over the next 2-3 hours as a flare of symptoms evolves. 

Given the heterogeneity of mast cell disease and the above-noted challenges in detecting 
elevated levels of mast cell mediators, it should not be surprising that some patients present 
with histories which are classic for MCAS but screens for the most sensitive and specific 
mast cell mediators which are normal. When repeated efforts to identify aberrant mast cell 
activity using the above-described screen fail, consideration can be given to screening for 
aberrant expression of less specific mast cell mediators such as Factor VIII [278, 279], plasma 
free norepinephrine [280], tumor necrosis factor alpha [220, 281, 282, 283, 284, 285, 286, 
287, 288], and interleukin-6.   [220]   In   the   author’s   experience,   the   first   two   of these are 
elevated in MCAS more commonly than the rest. Plasma free norepinephrine is often ordered 
as part of a plasma free catecholamine profile; the author has observed in many MCAS 
patients a pattern of elevated norepinephrine, low-normal or low epinephrine, and sometimes 
elevated dopamine. 

Although commercial testing (whether through local or reference laboratories) is not yet 
widely available, levels of mast cell mediators leukotriene B4 and cysteinyl leukotrienes C4, 
D4, and E4 have been reported to be elevated in patients with systemic mastocytosis as 
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compared to healthy controls. [289] Plasma and urinary leukotrienes also increase with acute 
attacks of asthma [290], a disease increasingly suspected to originate in aberrantly active mast 
cells [291] and thus perhaps a form of MCAS. However, leukotriene expression has not been 
specifically studied in the MCAS population. Furthermore, leukotrienes are synthesized in a 
variety of myeloid cells (and epithelial cells as well) [292, 293], so the specificity of elevated 
leukotriene metabolite levels for mast cell disease is unclear and may depend substantially on 
the presence of a clinical history compatible with mast cell disease. Whether elevated 
leukotriene levels are related more to mast cell load (and thus useful primarily in systemic 
mastocytosis and perhaps also in a limited range of MCAS presentations in which increased 
numbers of mast cells can be found in anatomically relevant sites (such as in airway smooth 
muscle in asthma patients [291]) or to mast cell activity (and thus useful in MCAS in general) 
remains to be determined. However, if the clinical history is best explained by mast cell 
activation but abnormal levels of the previously discussed biochemical markers cannot be 
identified, it would not be unreasonable to also examine levels of plasma and urinary 
leukotriene metabolites if commercial assays of such are accessible. 

If the prothrombin time or partial thromboplastin time, or both, are abnormal (increased 
or decreased), a survey for anti-phosopholipid antibodies (anti-cardiolipin antibodies, beta-2-
glycoprotein-1 antibodies, and lupus anticoagulant) should be pursued; the utility of anti-
prothrombin antibodies remains controversial as discussed above. Although the presence of 
anti-phospholipid antibodies without a history of thromboembolism does not merit a 
diagnosis of anti-phospholipid antibody syndrome, let alone prophylactic anticoagulation 
with its attendant risks, foreknowledge of the presence of such antibodies when patients enter 
high thrombotic risk scenarios can be helpful both proactively and reactively should 
thrombosis occur. 

Because MCAS is a relatively non-proliferative mast cell disease, none of the recent 
proposals for diagnostic criteria for MCAS absolutely requires histologic detection of 
increased numbers, or aberrant immunophenotypes or genotypes, of mast cells. In fact, 
neither the Akin et al. 2010 criteria [40] nor the Valent et al. 2012 criteria [42] make any 
mention of histologic detection. However, histologic detection of quantitative or qualitative 
mast cell aberrancy can be used, per the Molderings et al. 2011 criteria [48], to support the 
diagnosis. As mast cells typically reside at the environmental interfaces [166, 167], histologic 
evidence of disease sometimes can be found in biopsies of rashes and other skin lesions, 
gastrointestinal tract mucosa, and respiratory tract mucosa. Less commonly, but also in 
keeping with the known biology of their development and function, increased and/or aberrant 
mast cells can be found in biopsies of marrow and lymphovascular structures. 

Due to the relatively non-proliferative nature of MCAS and the fact that mast cells spend 
little of their early formative time in the marrow [167, 201, 202], MCAS is rarely detectable – 
histologically, immunophenotypically, or genotypically, using present commercially available 
techniques – in marrow. [48, 370] As such – and in distinct contrast to the evaluation for 
systemic mastocytosis which can be suspected when serum tryptase levels are consistently 
greater than twice the upper limit of normal – marrow examinations presently do not seem to 
be useful enough to warrant being mandatory components of evaluations for MCAS. It of 
course remains possible that a small portion of cases of systemic mastocytosis as defined per 
the WHO 2008 criteria [209] may be missed by not examining the marrow of MCAS patients 
with serum tryptase levels below 20 ng/ml, but the largest portion of systemic mastocytosis 
patients fall into the category of indolent systemic mastocytosis [62, 204], whose prognosis 
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and treatment presently are not known to be significantly different than seen and applied in 
MCAS. Furthermore, the more morbid (and often more proliferative) forms of systemic 
mastocytosis warranting more aggressive (often cytotoxic) treatment – SM with associated 
clonal hematologic non-mast-cell-lineage disease (AHNMD), aggressive systemic 
mastocytosis (ASM), and mast cell leukemia (MCL) – present normal tryptase levels even 
more rarely than indolent systemic mastocytosis. SM-AHNMD, ASM, and MCL also 
typically present aggressive clinical features, such as obvious hematologic malignancy or 
hepatic failure, which quickly engenders biopsy and histologic identification of the true 
diagnosis. Thus, although it is important to distinguish SM-AHNMD, ASM, and MCL from 
MCAS, the likelihood of confusing these entities with MCAS is very low. 

Mast cell disease sometimes can be detected in biopsies of gastrointestinal tract mucosa, 
commonly performed in patients with symptoms of inflammation of the upper and/or lower 
segments  of  the  gastrointestinal  tract.  “Mastocytic  enterocolitis”  is  often  the  diagnostic  label  
assigned when increased mast cells are found on biopsy of intestinal tissue [294], but the 
overlap of this label with MCAS is inescapable. Interestingly with regard to the upper 
segment of the gastrointestinal tract, 40% of the tens of millions of patients in merely the 
United States alone   who   have   chronic   “gastroesophageal   reflux disease”   are   refractory   to  
therapy with maximal doses of proton pump inhibitors (PPIs). [295, 296, 297, 298, 299, 300] 
In keeping with the severe suppression of acid production effected by PPIs, these PPI-
refractory   “functional   dyspepsia”   patients   have been demonstrated to have no significant 
remaining acid production, yet they remain symptomatic. Because they do not produce any 
acid to be refluxed, it is not acid reflux causing their symptoms. Instead, there must be 
another cause of the pain and discomfort they are sensing. Most such patients have undergone 
esophagogastroduoenoscopy, often with random mucosal biopsies taken. These biopsies – 
typically subjected only to routine staining with hematoxylin and eosin, and possibly also 
Steinert staining for Helicobacter pylori – are usually read as showing either normal tissue or, 
at worst, mild to moderate chronic inflammation (and even occasionally with a modest 
increase in eosinophils, too). Infection of any type at any site, certainly including H. pylori in 
gastric tissue, often provokes local reactive (i.e., normal) activation and proliferation of mast 
cells. [301, 302, 303] However, it has been established that gastric mucosal mast cells are 
increased in H. pylori-negative functional dyspepsia, too [301, 304], raising the possibility 
that functional dyspepsia is another manifestation of  MCAS.  Indeed,  it  has  been  the  author’s  
experience, too, that re-staining of the H. pylori-negative biopsies from PPI-refractory 
functional dyspepsia patients for mast cell markers (e.g., CD117, Giemsa, toluidine blue, 
tryptase) not uncommonly reveals increased numbers of mast cells. On occasion, such a 
finding may be the only detectable laboratory evidence of mast cell disease. 

Unprovoked, transient, diffusely migratory rashes are common in MCAS, but in the 
author’s  experience biopsies of such rashes rarely reveal increased mast cell populations. 

Although the presence of increased mast cells in airway smooth muscle tissue in 
asthmatic patients has long been known [305], and though it stands to reason (given, again, 
the normal role of mast cells in human biology) that the respiratory tract is a site where 
abnormal mast cells ought to be detectable in MCAS patients, there are no studies published 
yet of the incidence of quantitatively and/or qualitatively abnormal mast cells in respiratory 
tissue specifically in MCAS patients. Should full sequencing in the future of KIT in the mast 
cells of asthmatic patients reveal the prevalent and heterogeneous clonality seen in MCAS 
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patients [36, 37], it may become more apparent at that point that biopsy of respiratory tract 
mucosa, or perhaps simple bronchoalveolar lavage, can be useful in diagnosing MCAS. 

The recent discovery that aberrant mast cells are detectable, via mutation-specific 
polymerase chain reaction (PCR) testing, in the peripheral blood of most patients with 
indolent systemic mastocytosis [306] raises the question of whether the same holds true in 
MCAS patients. Once full genomic sequencing (or at least full KIT sequencing) becomes 
routinely, economically available from certified commercial clinical laboratories, such testing 
may become the most direct route for demonstrating the presence of clonal mast cell disease 
in patients clinically suspected of having MCAS. 

The ability to detect laboratory evidence of mast cell disease likely will advance rapidly 
in the coming years. The greater challenge will remain sparking the initial suspicion of the 
diagnosis in the mind of the clinician limited both by human cognitive capacity and by the 
brief time typically available to evaluate the patient. Validated symptom questionnaires 
completed by the patient (e.g., [63, 307]) can help the clinician clarify the likelihood of the 
patient having MCAS, but engagement of such tools necessarily first requires that initial 
“spark”  in  the  clinician’s  mind  that  MCAS  may  be  in  the differential diagnosis. In the future, 
computer-aided diagnostic tools built into electronic clinical information systems may be able 
to assist clinicians in recognizing morbidity patterns potentially consistent with MCAS. 

 
 

MANAGEMENT OF MAST CELL ACTIVATION SYNDROME 
 
Mast cell activation syndrome (MCAS) is, like systemic mastocytosis, a disease of 

aberrant mast cell activation. Unlike systemic mastocytosis (SM), though, MCAS is relatively 
non-proliferative. Therefore, at present the general therapeutic approach to MCAS is identical 
to that used for decades now for systemic mastocytosis except there is little to no role for the 
substantially cytotoxic therapies typically reserved for the more aggressive and proliferative 
forms of SM as previously discussed, namely, SM-AHNMD, ASM, and MCL. Management 
of indolent SM has been discussed at length in the literature (e.g., [68, 204, 308]) and, as 
such, will only be summarized here. Drug dosages listed are for adults; suitable pediatric 
pharmacology resources should be consulted regarding dosages for children. 

Avoidance of triggers, desensitization therapy (when specific unavoidable environmental 
triggers can be identified), and prophylactic therapies (e.g., bisphosphonate therapy for 
osteoporosis) help limit morbidity from MCAS. 

Symptoms and other clinical consequences (e.g., blood count abnormalities) in MCAS 
and indolent SM result virtually exclusively from the consequences (direct or indirect) of 
aberrant mediator release. It should be remembered, too, that because of potential circulation 
of released mediators, and because of potential interaction of released mediators with 
elements of the nervous and hormonal/endocrine systems, the dysfunctional mast cells 
releasing the operant mediators may or may not be located proximately to the clinically 
affected site. Thus, therapies for MCAS and indolent SM primarily aim to (1) reduce mast 
cell production and release of mediators, (2) interfere with released mediators, and (3) counter 
unavoidable effects of released mediators. 

The clinician who assumes responsibility for identifying effective therapy in an MCAS 
patient must keep in mind that the extreme underlying mutational heterogeneity of the disease 
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almost certainly leads to extreme heterogeneity of aberrancy in patterns of mediator 
production and release, in turn leading to extreme heterogeneity of both clinical presentation 
and responsiveness to therapeutics. With the exception of classic histaminic symptoms, at 
present it is virtually impossible to deduce an effective therapeutic strategy for the individual 
MCAS patient based on the presenting symptoms and findings. Most MCAS patients are able 
to eventually identify a regimen which helps them feel significantly better at baseline, though 
chronic or acute flares of disease activity often persist. In order to have the best chance at 
finding optimal therapy for the individual MCAS patient, the clinician must practice – and 
counsel his patient to practice – patience, persistence, and a methodical approach to trying 
assorted therapies. 

Thus, in each patient being treated, each medication tried should be dosed appropriately 
for the disease and should be given an appropriate period, in accordance with its 
pharmacokinetics and pharmacodynamics, to demonstrate efficacy. Ineffectiveness of one 
medication of a given class does not necessarily preordain that all other medications of that 
class will be ineffective, and it is not at all unreasonable to try at least one or two other 
medications of a class if the initial medication tried of that class proves ineffective or 
intolerable. Medications which have clearly demonstrated tolerability and efficacy by the end 
of a suitable trial period should be continued; medications not achieving such criteria should 
be stopped (or, if necessary (such as with high doses of glucocorticoids), weaned). Once the 
effectiveness of a tolerable therapy has been identified, consideration should be given to 
trying to identify the lowest effective dose and frequency of the therapy. 

In view of the innate complexity of the disease and its inherent propensity to react 
adversely to potentially any new exposure, it is critically important to try to make only one 
change   in   the  MCAS   patient’s   regimen   at   any   given   time.   [309]   There   certainly   are   times  
when the severity of one or more symptoms justifies multiple simultaneous interventions, but 
if multiple therapeutic changes are made simultaneously and the patient either improves or 
worsens, it is impossible to identify – without further subtractive experiments – which 
therapeutic change(s) resulted in which clinical change(s). Thus, polypharmacy can emerge 
rapidly without a patient, appropriately contemplative approach to medication management in 
the MCAS patient. 

Clinicians also must remain aware that when it is stated that MCAS patients can react 
adversely to potentially any new exposure,   the   emphasis   is   on   the   “any.”   Environmental  
antigens (including smoke [310, 311, 312, 313]), ordinarily innocuous microbes, food or 
drink (especially alcohol), and medications can be offensive to MCAS patients via touch, 
inhalation, or ingestion. However, reactivity patterns appear to be fairly unique to each 
patient. 

When prescribing or recommending medications, clinicians should keep in mind that 
virtually all commercial medications, whether prescription or over-the-counter products, 
contain not merely the active ingredient(s)  but  also  “fillers”  (or  “binders”)  and  dyes which are 
inert in most patients but in MCAS patients can be as offensive as active ingredients can be. 
When an MCAS patient reacts unfavorably and intolerably to a commercial form of a 
medication deemed important for the patient, sometimes the problem can be resolved by 
switching to an alternative commercial formulation (e.g., an alternative brand-name 
formulation, or an alternative generic formulation). Many off-patent medications are 
formulated by multiple manufacturers into generic products which commonly are visually 
indistinguishable from one another, and as a result the patient often is unaware not only of the 
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specific manufacturer of the product being taken but also when one formulation is substituted 
for   another  by   the  patient’s   local  or  mail-order pharmacy. Even when a substituted generic 
product is visually distinguishable from the product previously being provided to the patient, 
many patients are unaware that different manufacturers use different fillers and dyes in 
formulating ostensibly the same medication. The stabilized MCAS patient who becomes 
destabilized soon after switching one of his medications to a different formulation may 
simply be reacting to one of the fillers or dyes in the new product. Switching back to the prior 
formulation may be all that is necessary to restabilize the patient. Of course, such an event 
also is an opportunity to investigate the formulation of the offending product and identify 
potential offending ingredients for which a future program of active avoidance may prove 
beneficial. 

Furthermore, the active ingredients of many commonly used medications are available in 
relatively purified form from pharmaceutical manufacturers. For the relatively rare patient 
who reacts to a very broad range of fillers and dyes, it is possible to have a compounding 
pharmacist obtain purified active ingredient and package it either into dye-free gelatin 
capsules or compound it into liquid or tablets using innocuous carrier fluids or agglutinating 
substances known to be tolerated by the patient (e.g., baby rice cereal, potato, lactose 
monohydrate,  etc.).  In  the  author’s  experience,  even  “well-established”  anaphylactic  reactions 
sometimes can be completely abrogated by providing the patient such custom-compounded 
formulations. Some   patients,   too,   succeed   with   this   “compounding”   approach   simply   by  
reconstituting active ingredient with water immediately prior to ingestion. 

Given the rarity of systemic mastocytosis, together with how recently MCAS has come to 
be recognized, there are no large controlled studies of any intervention for mast cell disease. 
The absence of such data, together with the great underlying mutational heterogeneity of mast 
cell activation disease, means that at present the clinician treating MCAS has no way to know 
in advance which medications are most likely to benefit the patient. Most clinical and 
laboratory consequences of the disease can arise via multiple mechanisms. As such, there 
presently are no symptoms or laboratory findings which can reliably foretell effectiveness of 
any given therapy, and absent such foreknowledge of effective therapy, an economics-based 
strategy for determining the order in which to try assorted therapies is a reasonable approach, 
starting with the most inexpensive therapies and escalating in cost as necessary. Such an 
approach is often appreciated by patients who, due to chronic disability from the disease, are 
underemployed or unemployed and may face difficulties affording health care. Fortunately, in 
many MCAS patients the disease is easily controlled with one or two inexpensive therapies – 
but there also are many patients who require moderately and even stratospherically expensive 
medications. Clinicians treating MCAS often are asked by their patients to write letters 
supporting application for disability qualification. Dialogues with third-party payers may be 
necessary, too, to help insured patients who are being denied coverage of prescribed 
treatments due to insufficient understanding of MCAS by the payer. MCAS patients also 
sometimes   require   their   clinicians’   assistance   in   enrolling   in   drug   manufacturer   assistance  
programs to access unaffordably expensive therapies. 

Largely due to how recently awareness of MCAS has dawned on the medical community, 
there have not yet been any clinical trials (of either diagnostic approaches or therapeutics) in 
MCAS. However, in light of the increasingly apparent prevalence of the disease, trials – 
particularly of newer, better targeted (and often more expensive) therapies – are greatly 
needed. 
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Glucocorticoids can be helpful in controlling MCAS chronically and emergently [68], 
and certainly are inexpensive, but the rafter of well-known toxicities from chronic use render 
them less preferable in that setting. 

The most inexpensive sustainable therapies for MCAS (and indolent SM) generally 
include histamine H1 and H2 receptor blockers (addressing such receptors on end organs as 
well as mast cells themselves) [48, 68], benzodiazepines (also addressing such receptors on 
end organs as well as mast cells themselves) [314, 315, 316, 317, 318], and non-steroidal anti-
inflammatory drugs (NSAIDs, including aspirin). [48, 68] 

Antihistamines typically are first-line therapies for chronic control of MCAS and often 
are highly useful in the emergency management of the disease, too. To minimize histamine-
mediated mast cell activation, most MCAS patients should try a histamine H1 receptor 
blocker in combination with an H2 receptor blocker. 

Diphenhydramine is the prototypical histamine H1 receptor blocker and is highly 
effective in many MCAS patients suffering flares of symptoms, but its principal side effect of 
sedation is undesirable in patients who regularly work or operate heavy machinery and in 
patients whose disease causes chronic fatigue. In the United States, approved non-sedating 
histamine H1 receptor blockers include loratadine, fexofenadine, cetirizine, and levocetirizine, 
but unlike diphenhydramine, none of these drugs is commercially available for intravenous 
administration, making diphenhydramine the histamine H1 receptor blocker of choice in the 
emergency management of MCAS. Loratadine may have fewer drug-drug interactions than 
the other products. Loratadine may be effective at the recommended over-the-counter dosing 
of 10 mg daily, but many patients respond to it better when it is taken every 12 hours. Some 
patients even can identify further improvement when dosing is increased from every 12 hours 
to every 8 hours. Higher individual doses of 20 or even 30 mg sometimes provide more 
benefit, too. However, some MCAS patients on multiple daily doses of loratadine complain 
of excessive sinonasal dryness, constipation, or urinary hesitancy, and in such patients it may 
be more beneficial (with respect to sustaining control over the dysfunctional mast cells) to try 
decreasing the individual dose (e.g., 5 mg, still taken 2-3 times daily) rather than the 
frequency (e.g., 10 mg taken daily). 

Dosing strategies for fexofenadine, cetirizine, and levocetirizine are similar to those used 
with loratadine. In MCAS, reasonable initial dosing for fexofenadine typically is 180 mg 
every 12 hours; for cetirizine, 10 mg every 12 hours; and for levocetirizine, 5 mg every 12 
hours. 

Although cimetidine and ranitidine are effective histamine H2 receptor blockers, 
famotidine and nizatadine have fewer drug-drug interactions. [319, 320, 321] Unlike the non-
sedating histamine H1 receptor blockers, most of the H2 blockers are commercially available 
for intravenous administration if necessary. As with the H1 blockers, the H2 blockers 
sometimes are optimally effective in providing what control they can over mast cell activation 
when taken just once daily. However, many patients respond better to twice-daily use of H2 
blockers. Famotidine often is begun at 20-40 mg every 12 hours, while ranitidine is begun at 
75-150 mg every 12 hours. Nizatadine can be used at 150-300 mg every 12 hours. Cimetidine 
is less preferable because of its rafter of drug-drug interactions but, when necessary, can be 
tried starting at 400 mg every 12 hours. 

Given recent recognition of the involvement of inflammation in the development and 
evolution of a wide range of psychiatric morbidities, it is an open question as to whether 
benzodiazepine-driven inhibition of mast cell activation gives rise (directly or indirectly) to a 
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significant portion of the anxiolytic effect seen with these drugs in diseases such as panic and 
anxiety disorders. Benzodiazepines also are helpful in some patients with inflammatory bowel 
disease, again raising the question of whether it is enterocyte benzodiazepine receptors or 
mast cell receptors that are more operant in this benefit. Benzodiazepine therapy in MCAS 
patients certainly can result in a wide range of other improvements, too (i.e., beyond 
neuropsychiatric and enteric effects), likely underscoring what can be accomplished solely 
from blocking mast cell benzodiazepine receptors. 

Other inexpensive antihistaminic drugs can be helpful in controlling MCAS, too. 
Doxepin, ketotifen, tricyclic antidepressants, phenothiazine antiemetics, and the atypical 
antipsychotic quetiapine all have histamine H1 receptor blocking effects, and such drugs not 
uncommonly provide benefit even if the patient is already on a classic H1 blocker such as 
diphenhydramine or loratadine. The author begins a trial of doxepin at 10 mg twice daily 
(though some patients find optimal dosing at just 6 mg once or twice daily) and asks the 
patient to escalate the dose weekly in increments of 10 mg twice daily until the point of 
maximal efficacy or tolerance, whichever is reached first. Many patients have difficulty 
tolerating the grogginess often seen with doses exceeding 50 mg twice daily. Ketotifen is not 
approved in the United States as a commercial oral preparation, but active ingredient can be 
legally obtained by pharmacists for compounding into oral forms. The author begins his 
patients on trials of ketotifen at 1 mg twice daily and asks patients to escalate weekly in 
increments of 1 mg twice daily to the point of maximal efficacy or tolerance, which rarely 
exceeds 6 mg for the individual dose. Frequency, too, can be increased over time to as often 
as every 6 hours. The  drug’s  (reversible)  common  toxicities  include  headache, conjunctivitis, 
and upper airway inflammation. 

Many MCAS patients have long suffered symptoms of major depressive disorder and are 
already taking selective serotonin reuptake inhibitors (SSRIs) which, like benzodiazepines, 
can impact not only neurons and enterocytes but also mast cells via cell surface serotonin 
reuptake transporters (SERTs). [372, 373] However, addition of antihistamines to SSRIs 
increases the risk for development of potentially life-threatening serotonin syndrome, for 
which the clinician must remain alert; onset of this syndrome of increased central nervous 
system serotonergic activity causing mental status changes, autonomic hyperactivity, and 
neuromuscular abnormalities requires immediate cessation of the offending drugs and 
institution of aggressive benzodiapine therapy (such as lorazepam, initially dosed at 2-3 mg 3-
4 times daily). 

Like antihistamines, benzodiazepines often are useful not only in chronic management of 
MCAS but also in emergency management of the disease. Although benzodiazepines with 
longer half-lives such as diazepam can be helpful, most MCAS patients who benefit from 
benzodiazepines use shorter half-life drugs such as lorazepam, clonazepam, or alprazolam, 
typically dosed every 8-12 hours. Although dose-finding experiments initially should use the 
same dose given at regular intervals, many patients report eventually discovering optimal 
benefit from benzodiazepines upon using slightly different doses at different times of the day 
possibly involving slightly irregular intervals; the shorter half-life benzodiazepines obviously 
are more amenable than the longer half-life benzodiazepines to such personalization of 
therapy. The author typically asks his patients to begin lorazepam, clonazepam, or alprazolam 
at 0.25 mg every 12 hours, escalating weekly as tolerated in increments of 0.25 mg twice 
daily (e.g., 0.5 mg every 12 hours, 0.75 mg every 12 hours, etc.) until either maximal efficacy 
is achieved or it becomes apparent (typically at a total daily dose of about 4-8 mg) the drug 
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will not be effective at a tolerable dose. Experimenting with increased frequency (e.g., every 
eight  hours)  can  be  pursued  after  the  patient  comes  to  understand  the  drug’s  effects  at  twice-
daily dosing. Flunitrazepam is another benzodiazepine reported to be useful in mast cell 
disease but has a longer half-life; dosing is typically 0.5-2 mg daily [315], more convenient 
for some patients but allowing less of the intraday variability in dosing and response 
appreciated by other patients. 

Imidazopyridines such as zolpidem also target the benzodiazepine receptor and 
sometimes  are  useful  in  treating  MCAS.  In  the  author’s  experience,  the  likelihood  for  benefit  
from imidazopyridines seems independent of whether benzodiazepines are already being used 
and whether they are proving beneficial. Imidazopyridines seem to help somewhat with the 
insomnia frequently seen in MCAS, but unlike benzodiazepines, beneficial impacts on other 
MCAS symptoms are not often seen with these drugs. Also unlike benzodiazepines, currently 
available imidazopyridines do not seem to have any role in the emergency management of 
MCAS. 

Non-steroidal anti-inflammatory drugs (NSAIDs) can be very helpful in some MCAS 
patients – but the physician needs to be aware that these drugs (and many narcotic analgesics, 
too) can trigger flares of mast cell activation, even to the point of anaphylaxis, and even at 
ordinarily trivial doses. [48, 322, 323, 324] Aspirin is the least expensive NSAID. Patients 
who report prior intolerance of aspirin sometimes can gain tolerance by being started on very 
low doses (e.g., 1-10 mg, which may require the services of a compounding pharmacist) and 
doubling as often as every 6 hours as tolerated, with full precautions in place for managing 
anaphylaxis. [322, 325] Patients who report prior tolerance of aspirin typically can be started 
at 325 mg twice daily. Recent data suggest non-enteric-coated aspirin may be absorbed better 
than, and is tolerated as well as, coated aspirin. [374] Patients who are unaware of any prior 
exposure to aspirin (somewhat unusual given the wide range of products into which aspirin is 
integrated) may be best served by starting with a dose of 40-80 mg and doubling as often as 
every 6 hours as tolerated. Once tolerance of lower doses (e.g., 325 mg twice daily) is 
demonstrated, dosing can be escalated as often as daily until target dosing is reached. Some 
patients respond quite well to just 325 mg twice daily and do not require higher doses, but 
many patients do not clearly respond until dosing reaches 650-1300 mg twice daily. The need 
to dose aspirin as high as 1300 mg four times daily (felt to be sustainable with maximal ulcer 
prophylaxis in place) in order to achieve a desired therapeutic salicylate level of 20-30 mg/dl 
has   been   reported   [322],   but   in   this   author’s   experience,   failure   to   observe   at   least   some  
response by a total daily dose of 2600 mg strongly suggests higher doses will be no more 
helpful. It has been questioned, too, whether doses exceeding 500 mg twice daily provide 
additional benefit. [375] Patients embarking on a trial of aspirin should be counseled 
regarding potential toxicities. Patients who benefit from aspirin at total daily doses of 650 mg 
or higher need to consider methods to improve their ability to tolerate chronic use of the drug. 
Concomitant use of histamine H1 and H2 receptor antagonists is helpful and probably should 
be the first therapy to be considered for ulcer prophylaxis; consideration can also be given to 
addition of a proton pump inhibitor to the regimen, though the clinician should recognize that 
marked acid suppression can interfere with reduction (by gastric hydrochloric acid) of non-
absorbable (dietary and supplemental) ferrous iron to absorbable ferric iron. 

If aspirin is intolerable or ineffective, other NSAIDs can be tried. If renal insufficiency or 
thrombocytopenia are present, use of a COX2-selective NSAID such as celecoxib (typically 
100-400 mg twice daily) can be considered, though this drug appears to confer a small but 
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statistically significantly increased risk (as compared with placebo) for cardiovascular 
disease. [326] 

Leukotrienes are synthesized and released by mast cells and clearly drive a wide variety 
of events categorized as inflammatory in nature. [289] As such, it is not surprising that the 
selective leukotriene receptor antagonists such as montelukast (10 mg 1-2 times daily) and 
zafirlukast (20 mg twice daily) are clearly helpful in some forms of MCAS. [48, 68] 
Montelukast and zafirlukast dosing should be curtailed in patients with significant hepatic 
impairment. 

Cromolyn has long been recognized for its mast-cell-stabilizing activity in some patients 
[48, 68], and though its specific mechanism of action remains unclear, it has recently been 
discovered to be a potent agonist of the G-protein-coupled receptor 35, whose expression in 
human mast cells, eosinophils, and basophils is upregulated upon challenge with IgE 
antibodies. [327] It is an expensive drug, its half-life is quite short, and it is very poorly 
absorbed. However, it can be effective in stabilizing the mucosal mast cells with which it 
comes in contact. It is not available for intravenous administration. Patients with systemic 
mast cell disease generally use nebulized cromolyn (20 mg 2-4 times daily) and/or oral 
cromolyn (100-200 mg 2-4 times daily, typically in commercial liquid form but also 
compoundable into capsules). It also is available commercially in the U.S. as an eyedrop and 
nosedrop, and it can be compounded as a cream as well. Due to an initial flare of mediator 
release, some patients experience a flare of symptoms in the first few days of exposure to 
cromolyn before seeing symptoms reduce to well below their prior baseline. 

Pentosan   is   another   “mast   cell   stabilizer”   [48]   whose   mechanism   of   action 
remains unknown. Its activity seems far greater against mast cells in the urinary tract than 
elsewhere. It has been used for many years to treat interstitial cystitis, which has increasingly 
come to be recognized as a form of MCAS. [132] Pentosan is typically dosed at 100 mg every 
8-12 hours. 

Quercetin, the principal bioflavonoid in human diets (sources include apples, onions, 
berries, red grapes, citrus, broccoli, and tea [328]), is poorly absorbed [329] but has a range of 
properties potentially useful in mast cell activation disease. Among other mechanisms of 
action, it is thought to inhibit lipoxygenase and cyclooxygenase, resulting in reduced 
production of inflammatory mediators (e.g., leukotrienes and histamine). [330] It may also 
serve as an inhibitor of tyrosine kinases [331] and other regulatory proteins of interest in 
activated mast cells (e.g., heat shock proteins, RAS, etc.). [330] Quercetin seems to provide 
general anti-inflammatory effects and seems to impede PGD2-driven flushing. [332] Dosing 
typically is in the range of 500-2000 mg per day given in 2-4 divided doses. A more recently 
developed water-soluble form, quercetin chalcone, is dosed as 250 mg thrice daily. [329] 

Pancreatic enzyme supplements are helpful in some MCAS patients whose symptom 
complexes include features of (painful or painless) chronic pancreatitis such as chronic 
diarrhea, weight loss, and certain micronutrient malabsorption syndromes. 

Allergen-driven cross-linking of multiple IgE molecules bound to mast cell-surface IgE 
receptors (FcεRI) is a major route of mast cell activation. [166] Omalizumab is a humanized 
monoclonal antibody which reversibly binds to the Fc portion of IgE, thereby sterically 
hindering IgE binding with its FcεRI mast cell-surface receptor. [333] As with all monoclonal 
antibody therapies, omalizumab is expensive. Omalizumab (typically dosed at 150-300 mg 
subcutaneously every 2-4 weeks) has been reported to be effective in controlling MCAS in a 
small number of patients [333, 334], but in contrast to the 2-8 weeks it typically requires to 
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identify effectiveness for most of the agents patients try in attempting to control their MCAS, 
a trial of omalizumab should be pursued for at least 3-4 months before judging its efficacy. 
From the very small amount of data presently available, responsiveness of MCAS to 
omalizumab seems independent of pre-treatment serum IgE levels. 

As demonstrated by Molderings et al. [36, 37], most MCAS patients harbor one or more 
clonal mutations in mast cell KIT, and most of these mutations lead to constitutive activation 
of the KIT protein. [37] Activation of KIT in turn leads to activation of, among many 
pathways, the Janus kinases (JAK1, JAK2, JAK3, Tyk2), which in turn lead to activation of 
Signal Transducer and Activator of Transcription (STAT), which then migrates to the cell 
nucleus, where it binds to DNA and promotes transcription of genes responsive to STAT. 
[335] It is well demonstrated that upregulation of STAT leads to increased production and 
release of a number of inflammatory cytokines. [336] In view of these biological insights, the 
tyrosine kinase inhibitors of KIT and the Janus kinases can be predicted to be useful in some 
forms of mast cell disease. Imatinib is less useful in systemic mastocytosis, as most cases of 
SM harbor mutations in the region of KIT codon 816 which are resistant to imatinib binding. 
[337] However, imatinib can also inhibit constitutive activation of KIT caused by mutations 
at certain other sites in KIT (such as the juxtamembrane region), and via mechanisms not yet 
clear, even some systemic mastocytosis patients with the KIT-D816V mutation can respond to 
imatinib.  [338]  Underscoring  the  “mutational  overlap”  between  SM  and  MCAS,  responses  to  
imatinib have been reported in MCAS. [54, 55, 210] In contrast to the dosing typically used 
in chronic myelogenous leukemia, lower dosing has appeared sufficient thus far in MCAS 
patients who respond to tyrosine kinase inhibitors. The author typically begins a trial of 
imatinib in an MCAS patient at 100 mg daily, escalating after a week, if tolerated but without 
improvement, to 200 mg daily, then observing for the rest of the first month.  In  the  author’s  
MCAS patients, doses greater than 200 mg daily have not appeared more efficacious. 
Similarly, when trying dasatinib, dosing as little as 20 mg daily – far less than then 100 mg/d 
typically used for chronic myelogenous leukemia – can be effective, and doses greater than 
40-50 mg/d rarely appear necessary or more beneficial. As compared to imatinib, dasatinib 
targets a wider spectrum of tyrosine kinases, has additional immunosuppressive/ anti-
inflammatory effects, and may be the better initial choice in patients with renal insufficiency, 
but it may have a greater propensity for clinically significant pulmonary complications; a few 
responses have been reported in systemic mastocytosis patients thus far [338, 339], but there 
have been no reports thus far of the use of this drug in MCAS patients. Nilotinib has a far 
greater  affinity   than   imatinib   for  KIT’s  kinase  domain. It has a somewhat different toxicity 
spectrum than imatinib and dasatinib and requires somewhat closer electrocardiographic and 
laboratory monitoring; a few responses have been reported in systemic mastocytosis patients 
thus far [338], but there are no reports yet of use of this drug in MCAS patients. Janus kinase 
inhibitors, too, have not yet been reported to have been used in any form of MCAD. The 
tyrosine kinase inhibitors uniformly are very expensive. No generic formulations are 
presently available. 

Tumor necrosis factor (TNF) alpha is a well-established mast cell mediator product 
[281], and TNF-alpha antagonists such as etanercept, adalimumab, and infliximab are 
approved for use in a variety of systemic inflammatory diseases increasingly suspected to be 
of aberrant mast cell origin (such as rheumatoid arthritis, psoriatic arthritis, and inflammatory 
bowel disease). Thus, there is reason to suspect such drugs would be useful in ameliorating 
TNF-alpha-derived symptoms in some patients with MCAS, but no data regarding the use of 
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any of these drugs in MCAS have been published and there are no reports of such trials in 
progress or development. 

There is hardly an interleukin which is known to not be produced and released by the 
mast cell. [47] Thus, there is reason to suspect that interleukin-1 antagonists (e.g., anakinra) 
and interleukin-1-beta antagonists (e.g., canakinumab) may be helpful in some forms of 
MCAS, but, again, no data regarding the use of any of these drugs in MCAS have been 
published and there are no reports of such trials in progress or development. Similarly, given 
the impact of MC heparin on bradykinin generation [371], kinin-b2 receptor blockers 
(approved for hereditary angioedema) may eventually prove useful in MCAD, but there are 
no case reports, let alone clinical trials, of such use yet. 

Along with calcium and vitamin D supplementation, bisphosphonates are proven helpful 
for conditions of excessive bone resorption. A small case series demonstrated that concurrent 
use of interferon alpha and pamidronate in patients with systemic mastocytosis led to 
significantly increased bone mineral density which was subsequently maintained with 
pamidronate alone. [340] However, no controlled trials have been performed, and interferon 
can be substantially toxic. New anti-RANKL monoclonal antibody therapy such as 
denosumab has demonstrated efficacy in certain osteopenic/osteoporotic situations equal to or 
better than bisphosphonate therapy. [149] In theory, such antibody therapy should be useful in 
ameliorating the osteopenia/osteoporosis of MCAS. No controlled clinical trials regarding the 
use of any of these bone-protecting therapies in MCAS have been performed, but use of any 
therapy approved or generally recommended for osteoporosis/osteoporosis seems reasonable 
in MCAS patients also found to have osteopenia/osteoporosis. Osteonecrosis of the jaw 
(ONJ) is a topic that must be considered when contemplating use of the bisphosphonates or 
anti-RANKL therapy. ONJ is a rare but serious complication of such therapies. It is known to 
be more prevalent in cancer patients than osteoporosis patients, but it has not been reported in 
mast cell disease patients receiving these therapies. Nevertheless, it seems prudent to practice 
with mast cell disease patients the preventive measures advised for other populations 
receiving these drugs including pre-treatment dental evaluation, good dental hygiene, and 
suspension of therapy in the period surrounding invasive dental therapy. 

Interferon-alpha is a well recognized modulator of the chronic myeloproliferative 
neoplasms including systemic mastocytosis. [341, 342] Its activity in MCAS has not been 
specifically investigated, but it seems reasonable at present to presume it would have similar 
activity (as in systemic mastocytosis) in downregulating aberrant mediator production and 
release. However, interferon alpha therapy is expensive and associated with many toxicities 
which not infrequently lead to patient withdrawal from therapy. Use of the pegylated form 
appears to decrease toxicity, and pegylated interferon treatment of chronic myeloproliferative 
diseases in general appears to require lower doses than needed with non-pegylated interferon. 
A case of systemic mastocytosis with secondary osteoporosis successfully treated with 
pegylated interferon has been reported [343], but use of the pegylated product has not been 
specifically investigated in any form of mast cell disease. 

Tryptase inhibitors remain in the early stages of clinical development (generally, pre-
clinical development and Phase 1 clinical trials). 

Hydroxyurea is an oral RNA synthetase (a.k.a. ribonucleotide reductase) inhibitor useful 
chronically and acutely in a wide range of hematologic malignancies. [344, 345, 346, 347] It 
also has been recommended for essentially lifelong use in sickle cell anemia patients. [348] A 
modest degree of efficacy has been reported with hydroxyurea in SM [342]. The author has 



Lawrence B. Afrin 202 

observed some symptomatic responses to hydroxyurea in MCAS but recommends initiation 
of therapy be monitored more cautiously in patients with mast cell disease, as in this 
population the drug not uncommonly causes far more rapid and severe cytopenias than seen 
in other populations. Starting hydroxyurea at 500 mg daily, monitoring blood counts weekly 
for the first month and weekly for another month after each dose escalation, seems 
appropriate. As limited by cytopenias or other toxicities, the daily dose can be escalated in 
500 mg increments as often as monthly. Daily doses greater than 2000 mg are seldom needed, 
and many responding patients do well with only 500-1000 mg daily. It is possible that the 
early intolerance sometimes seen with this drug even at low doses may be a consequence of 
reaction to fillers or dyes in a particular formulation; in such cases, transitioning the patient to 
another formulation can result in improved tolerance and good efficacy. 

Cyclophosphamide, a DNA alkylator, seems to have little activity in human mast cell 
disease [68] but nevertheless can be helpful sometimes in management of steroid-refractory 
cases of the autoimmune disease which can emerge from the milieu of mast cell disease. The 
drug can be given as a daily oral dose (100 mg) or as pulse intravenous dosing (1000 mg/m2 
every 3-4 weeks for 3-4 cycles). Although such regimens are considered to be relatively low 
dosing and tend to be tolerated well, DNA alkylator therapy inevitably conveys some 
increased risk for secondary malignancy. 

Other single- and multi-agent cytotoxic drug regimens have been used in systemic 
mastocytosis (e.g., taxanes, nucleoside analogs, etc.). Though durable responses are rare, 
cladribine may be the best performer to date. [68] The rationale for use of cytotoxic drugs in 
the relatively non-proliferative MCAS seems weak, and there are no reports of the use of such 
drugs in MCAS patients. 

Similarly, there are scarce reports of other immunosuppressive agents (e.g., cyclosporine, 
azathioprine, methotrexate, alemtuzumab, daclizumab, etc.) being used with widely varying 
degrees of success in systemic mastocytosis (as summarized in [68, 309, 349] and others), but 
no reports of the use of these drugs in MCAS have been published yet. The same can be said 
for inhibitors of the mammalian target of rapamycin (mTOR), another target of activated KIT. 

Allogeneic hematopoietic stem cell transplant therapy in theory might be curative but has 
been used in systemic mastocytosis only rarely to date (the largest study was of three patients 
who all relapsed by 39 months [350]). This approach seems to be used most in the setting of 
associated refractory hematologic malignancy [68] (sometimes with the mast cell disease 
being recognized only in post-transplant retrospect) and generally (but not always, e.g. [351]) 
failing to eradicate the mast cell disease component [68], providing little reason a priori to 
consider using this approach for MCAS patients without associated refractory hematologic 
malignancy. 

Secondary issues in MCAS – e.g., inflammation, infection, autoimmunity, malignancy, 
coagulopathy, osteopathy, etc. – not uncommonly come to clinical attention first, but 
regardless of whether such issues present prior or subsequent to diagnosis of mast cell 
disease, they warrant standard therapy and may fare better when the mast cell disease is 
concomitantly specifically addressed, such as can be seen in the setting of SM-AHNMD. 
[308] 

Many patients with mast cell activation disease suffer pain. [48, 49] Sometimes the pain 
is diffuse, while sometimes it is focal at any given time and diffusely migratory over time. It 
often is described as a deep-seated muscular, bony, or marrow-based  “aching”  rather  than  a 
distinct   “pain.”   Narcotic   and   non-narcotic analgesics often are ineffective. (In fact, in a 
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fashion similar to how NSAIDs can trigger flares of mast cell disease, so, too, can narcotics.) 
Sometimes other classes of mast-cell-targeted agents not expected to have analgesic effect are 
nonetheless effective at achieving such (e.g., antihistamines seem to help reduce chronic 
migraine headaches in some MCAS patients). 

Patient with mast cell activation disease often suffer presyncopal events (frank syncope 
seems somewhat less common). [48, 49] When hypotension can be demonstrated during such 
events, and when the trigger appears to typically be postural change, medications such as 
fludrocortisone (0.1-0.4 mg daily), midodrine 5-20 mg 3-4 times daily, and pyridostigmine 
15-60 mg 2-3 times daily can be helpful. [100, 352, 353] Salt loading, too, occasionally is 
helpful. 

Emergency and perioperative management of severe flares of mast cell disease has been 
amply discussed in the literature (e.g., as reviewed in [68, 354]), and such information is 
available publicly, too. [355] In general, in addition to epinephrine for anaphylaxis, 
glucocorticoids, histamine H1 and H2 receptor antagonists, and benzodiazepines form the core 
of the therapeutic attack at such a problem. Also, patients susceptible to anaphylaxis should 
be prescribed epinephrine autoinjectors and should be counseled to call for help and fully 
recline before using the device to prevent trauma from falls should dysrhythmias or other 
complications develop to further weaken a patient likely already weakened from the flare. 

Some MCAS patients are highly reactive to a wide assortment of foodstuffs. Elimination 
diets such as described for the eosinophilic esophagitis population [356, 357, 358, 359] may 
be helpful, but efforts to control the underlying mast cell disease probably are the best 
approach. 

In spite of the substantial fatigue and malaise many MCAS patients experience, and in 
spite of their many physical sensitivities (e.g., heat, cold, ultraviolet radiation, exertion, etc.) 
and antigenic sensitivities (e.g., pollen, perfumes, etc.), MCAS patients should be strongly 
encouraged to regularly exercise – but only to the usual individual limit of tolerance each 
patient likely has learned from experience, as, again, exertion clearly can trigger a flare of 
mast cell activation in some patients. At the same time, although the mechanism likely is 
complex and remains quite unclear, exercise can help many patients with chronic 
inflammatory diseases improve both subjectively and objectively, acutely and chronically. 
[360, 361, 362, 363]. Brief (15-30 minute) periods of exercise of mild-to-moderate intensity 
may be more helpful, at least subjectively, than longer periods and high intensity of exercise. 
[364, 365] Also, some workers in the field have observed that activities causing frequent 
sharp abdominal motion (e.g., jogging, tennis, soccer, etc.) may be more prone to provoke 
flares of mast cell activation than less abdominally provocative activities (e.g., bicycling); a 
potential mechanism for this difference may be aberrantly heightened response of 
constitutively activated gastrointestinal tract mast cells to physical force. 

Perhaps the single most important aspect to successful management of mast cell disease 
is identification of  a  local  “physician/partner”  who  will  help  the  patient  not  only  access local 
health care resources as needed for tactical management of acute issues with the disease but 
also access remote resources which may be able to help determine strategic management of 
chronic issues. Absent an effective local physician/partner (which can be challenging to 
identify for many reasons), the MCAS patient often faces great difficulty gaining initial 
control over the disease even after consulting remote expertise which for many reasons 
cannot provide care for acute issues with the disease. 
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At present the prognosis of MCAS patients remains unstudied. However, the experience 
with indolent systemic mastocytosis (ISM) may serve as a guide. It has been estimated that if 
ISM patients survive the first three years of symptomatic disease, they appear to enjoy 
undiminished survival relative to the age- and sex-matched population. [62, 68, 166, 322] 
Quality of life, however, may be diminished as symptoms persist and progress, especially if 
the root cause remains undiagnosed and untreated. 

 
Table 1. Symptoms and findings in mast cell activation disease 

 
System Potential manifestations of mast cell disease 
Constitutional Fatigue, malaise, asthenia, "chronic fatigue syndrome," subjective and/or 

objective hyperthermia and/or hypothermia, "sense of feeling cold much 
of the time," sweats/diaphoresis (not always nocturnal), flushing, plethora 
or pallor, increased or decreased appetite, early satiety, weight gain or 
loss, pruritus, environmental sensitivities (often odd) 

Integumentary Rashes and lesions of many sorts (classic urticaria pigmentosa,  “freckles,”  
telangiectatic/angiomatous lesions, xerosis, warts, tags, folliculitis, ulcers, 
diffusely migratory but sometimes focally persistent patchy erythema), 
pruritus (often diffusely migratory, sometimes aquagenic), flushing, 
angioedema, striae, dermatographism, poor healing, alopecia, 
onychodystrophy 

Ophthalmologic Irritated eyes, increased or decreased lacrimation, suffusion, 
conjunctivitis, difficulty focusing, lid tremor/tic, solar sensitivity, 
infectious or sterile inflammation 

Otologic Infectious or sterile otitis externa and/or media, hearing loss or 
hyperacusis, tinnitus, otosclerosis 

Oral/oropharyngeal Pain (sometimes "burning"), leukoplakia, fibrosis, lichen planus, ulcers, 
sores, angioedema, dental decay, dysgeusia, throat 
tickle/discomfort/irritation/pain, post-nasal drip 

Lymphatic Adenopathy, usually sub-pathologic and often waxing/waning in size, 
sometimes asymptomatic but not uncommonly tender, sometimes focal, 
sometimes migratory, pathology usually shows a reactive lymphocytosis 
or sometimes an atypical non-specific lymphoproliferative disorder; left 
upper quadrant discomfort (likely from release of mediators from splenic 
mast cells with or without detectable splenomegaly) 

Pulmonary Rhinitis, sinusitis, pharyngitis, laryngitis, bronchitis, pneumonitis (often 
confused with infectious pneumonia), cough, dyspnea (often low-grade, 
inconstant, "I just can't catch a deep breath" despite normal pulmonary 
function tests), wheezing, obstructive sleep apnea, pulmonary 
hypertension 

Cardiovascular Presyncope (lightheadedness, weakness, dizziness, vertigo) and/or 
syncope, hypertension and/or hypotension, palpitations, dysrhythmias, 
chest discomfort or pain (usually non-anginal in character), coronary and 
peripheral arterial atherosclerosis/spasm/infarction, aneurysms, 
hemorrhoids, varicosities, aberrant angiogenesis (hemangiomas, 
arteriovenous malformations, telangiectasias), migratory edema (often 
non-dependent and in spite of normal cardiac and renal function) 
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Table 1. (Continued) 
 

System Potential manifestations of mast cell disease 
Gastrointestinal Aerophagia, angioedema in any segment of the luminal tract, dysphagia (often proximal, 

possibly due to pharyngeal angioedema), pain/inflammation (often migratory) in one or 
more segments of the luminal tract (from esophagitis to proctitis) and/or one or more 
solid organs (e.g., hepatitis, pancreatitis), queasiness, nausea, vomiting, diarrhea and/or 
constipation (often alternating), malabsorption (more often selective micronutrient 
malabsorption than general protein-calorie malabsorption), ascites either from portal 
hypertension and/or peritoneal serositis; gastroesophageal reflux disease (often 
“treatment-refractory”)  and  inflammatory/irritable  bowel  syndrome are common pre-
existing diagnoses 

Genitourinary Inflammation (often migratory) in one or more segments of the luminal tracts (ureteritis, 
cystitis, urethritis, vaginitis, vestibulitis) and/or one or more solid organs (e.g., nephritis, 
prostatitis), chronic kidney disease, endometriosis, chronic low back pain or flank pain 
or abdominal pain, hydronephrosis (likely from ureteral angioedema), infertility, erectile 
dysfunction, decreased libido; in the appropriate setting of multisystem morbidity, 
miscarriages should prompt consideration of antiphospholipid antibody syndrome 
potentially due to MCAS 

Musculoskeletal Clinical myositis, often diffusely migratory (fibromyalgia is a common pre-existing 
diagnosis), subclinical myositis (i.e., asymptomatic elevated creatine kinase not 
otherwise explained), arthritis (typically migratory), joint laxity/hypermobility, 
osteoporosis/osteopenia, osteosclerosis, sometimes mixed 
osteoporosis/osteopenia/osteosclerosis; MCAS-driven musculoskeletal pain not 
uncommonly is poorly responsive to non-steroidal anti-inflammatory drugs and 
narcotics 

Neurologic Headache (especially migraine), presyncope and/or syncope, peripheral (usually distal) 
sensory and/or motor neuropathies including paresthesias, tics, tremors (typically 
resting), chronic inflammatory demyelinating polyneuropathy, seizure disorders (can be 
"treatment-refractory") 

Psychiatric Mood disturbances (e.g., anger, depression), bipolar affective disorder, attention deficit-
hyperactivity disorder, post-traumatic stress disorder, other anxiety and panic disorders, 
psychoses, memory difficulties, word-finding difficulties, other cognitive dysfunction, 
wide variety of sleep disruptions 

Endocrinologic/ 
Metabolic 

Abnormal electrolytes (including magnesium) and liver function tests, delayed puberty, 
dysmenorrhea, endometriosis, osteosclerosis and/or osteoporosis, hypothyroidism, 
hyperthyroidism, dyslipidemia, hyperferritinemia, selective vitamin and/or other 
micronutrient deficiencies, weight change, possibly diabetes mellitus 

Hematologic/ 
Coagulopathic 

Polycythemia or anemia, leukocytosis or leukopenia, chronic (usually mild) 
monocytosis or eosinophilia or basophilia, thrombocytosis or thrombocytopenia, arterial 
and/or venous thromboembolic disease, aberrant bruising and bleeding; in MCAS the 
marrow usually does not show increased or even flow-cytometrically aberrant mast cells 
and marrow histology is often interpreted as normal or as unspecified 
myelodysplastic/myeloproliferative syndrome; standard cytogenetic studies are almost 
always normal or show culture failure 

Immunologic Type I, II, III, and IV hypersensitivity reactions, increased risk for malignancy, 
autoimmunity, impaired healing, increased susceptibility to infection, elevated or 
decreased levels of one or more isotypes of immunoglobulin; modest monoclonal 
gammopathy of undetermined significance not uncommon 

Most are chronic, low-grade; some are persistent but many are either episodic or waxing/waning. 
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Table 2. Diagnostic approach to mast cell activation syndrome 
 

A History: Chronic multisystem polymorbidity, generally (but not necessarily) of an inflammatory 
theme, often suboptimally responsive to therapy. 

B Physical examination findings (see Table 1). 
C Rule out other diseases potentially explaining the full range of findings on history and exam. 
D Laboratory testing: 

1 Complete blood count with manual differential. 
2 Comprehensive metabolic panel (including serum magnesium). 
3 Quantitative immunoglobulin profile if the patient has had frequent problems with 

infection 
4 Prothrombin time (PT) and partial thromboplastin time (PTT) if the patient has had easy 

bruising or bleeding or thromboembolic events. 
5 Serum tryptase. 
6 Serum chromogranin A. 
7 Plasma histamine. 
8 Chilled plasma PGD2. 
9 Stat chilled plasma heparin (in patients not on exogenous heparin products). 
10 Chilled urine (24-hour preferred over spot) for PGD2 and N-methylhistamine. 
11 If available, plasma and urine levels of mast cell mediators leukotriene B4 and cysteinyl 

leukotrienes C4, D4, and E4 can be assessed, too. 
If possible, non-steroidal anti-inflammatory drugs should be avoided for several days prior to 
specimen collection. 
If tests are normal (or PGD2 levels are below normal), check whether specimens require chilling 
were handled properly and consider repeat testing (possibly waiting until patient is having a flare of 
symptoms). 
If repeat testing is still normal, Factor VIII, plasma free norepinephrine, tumor necrosis factor alpha, 
and interleukin-6 may provide some support for the diagnosis. Other causes of elevations of these 
mediators should be excluded if possible. 
If blood and urine testing is persistently negative, histologic and immunohistochemical (and, if 
possible, flow cytometric) studies of old and fresh gastrointestinal mucosal biopsies and/or marrow 
biopsies and aspirations may be helpful. Immunohistochemical studies should include at least 
CD117 staining, possibly also Giemsa, toluidine blue, and/or tryptase staining. Multi-color flow 
cytometric studies on fresh tissue should look for dual expression of CD117/CD25 or CD117/CD2 
(occasionally triple expression of CD117/CD25/CD2, too, will be seen). Polymerase chain reaction 
testing for KIT mutations as commercially available (at least KIT-D816V) can be considered in old 
and fresh tissues. 
If the prothrombin time or partial thromboplastin time are abnormal (increased or decreased), a 
survey for anti-phosopholipid antibodies (anti-cardiolipin antibodies, beta-2-glycoprotein-1 
antibodies, and lupus anticoagulant) should be pursued; the utility of anti-prothrombin antibodies 
remains controversial. 
E Proposed diagnostic criteria (as per Molderings et al. [48]; can also consider proposals of Akin 

et al. [40] and Valent et al. [42]) 
Major criteria: 

1 Multifocal or disseminated dense infiltrates of mast cells in bone marrow biopsies and/or in 
sections of other extracutaneous organ(s) (e.g., gastrointestinal tract biopsies; CD117-, 
tryptase- and CD25-stained). 

2 Unique constellation of clinical complaints as a result of a pathologically increased mast 
cell activity (mast cell mediator release syndrome) 
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Minor criteria: 
1 Mast cells in bone marrow or other extracutaneous organ(s) show an abnormal morphology 

(>25%) in bone marrow smears or in histologies 
2 Mast cells in bone marrow express CD2 and/or CD25 
3 Detection of genetic changes in mast cells from blood, bone marrow or extracutaneous 

organs for which an impact on the state of activity of affected mast cells in terms of an 
increased activity has been proved. 

4 Evidence of a pathologically increased release of mast cell mediators by determination of 
the content of 

a tryptase in blood 
b N-methylhistamine in urine 
c heparin in blood 
d chromogranin A in blood 
e other mast cell-specific mediators (e.g., leukotrienes, PGD2) 

 
Table 3. Management of mast cell activation syndrome 

 
A Inhibition of mediator production 

1 Non-steroidal anti-inflammatory drugs 
2 Steroids (not for long-term use if possible) 
3 Rarely: immunomodulatory drugs (e.g., thalidomide) 

B Inhibition of mediator release (mast cell stabilization) 
1 Benzodiazepines 
2 Cromolyn (oral and/or inhaled) 
3 Ketotifen (oral) 
4 Pentosan 
5 Tyrosine kinase inhibitors 
6 Alpha interferon (pegylated or non-pegylated) 
7 Omalizumab 
8 Quercetin 
9 Rarely: hydroxyurea, immunosuppressants 

C Blockade of released mediators 
1 Histamine H1/H2 receptor blockers 
2 Leukotriene antagonists 
3 Bisphosphonates 
4 Rarely: TNF-alpha antagonists, IL-1/-1β  antagonists 

D Treatment of secondary issues (see Table 1) 
E No defined role for cytotoxic therapy absent advanced tissue mastocytosis 
F No defined role for cellular (transplantation) therapy 

 
 

CONCLUSION 
 
Mast cell activation syndrome (MCAS) is a recently recognized, prevalent, relatively 

non-proliferative whose underlying mutational heterogeneity leads to marked clinical 
heterogeneity which can be quite confounding from diagnostic and therapeutic perspectives. 
While not diminished in duration compared to the general population,  MCAS  patients’  lives  
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often are diminished in quality until the disease is diagnosed and treated. With patience, 
persistence, and a methodical approach, most MCAS patients are able to eventually identify a 
therapeutic regimen which helps them feel significantly better most of the time. Although 
such efforts may require trials of many medications consuming months or even years, many 
MCAS patients have been ill for far longer periods of time prior to diagnosis and, in simply 
having finally identified a diagnosis and prognosis, are bolstered to willingly endure the 
present  “trial-and-error”  approach  to  identifying  effective  therapy. 

Research into improved diagnostic and therapeutic approaches for MCAS is needed, but 
an equally great challenge lies in the domain of medical education. The longstanding, and still 
universally valid, paradigm of diagnosis is pattern recognition: specific symptom A + specific 
physical exam finding B + specific test result C = specific diagnosis D. MCAS, however, 
presents with extreme clinical heterogeneity, at least superficially appearing to break this 
standard diagnostic paradigm. The clinician will face a series of MCAS patients, most of 
whom will present as chronically unwell, though the details will differ so substantially across 
patients as to make the underlying pattern – chronic multisystem polymorbidity of a generally 
inflammatory theme, with other potential etiologies of known non-mast-cell origin ruled out – 
very difficult to see. How is the clinician to recognize the unifying theme within the indi-
vidual patient, let alone across multiple patients? A further complication is the increasing 
discovery of evidence of underlying mast cell disease in (typically inflammatory) diseases 
long of unknown origin. For example, given the increasingly apparent involvement of 
aberrant mast cell activation in rheumatoid arthritis (RA) [366], is there a role for 
diagnostically and/or therapeutically addressing not only RA but also MCAS in RA patients 
(with an eye toward how SM-AHNMD patients fare better with treatment for both SM and 
AHNMD [308])? Clearly, in addition to researchers continuing efforts to identify the full 
spectrum of mast cell disease, medical educators increasingly will need to collaborate with 
cognitive scientists to identify effective methods for training clinicians to recognize the 
chameleon that is MCAS. 
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