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Original Article

Primary headache syndromes in systemic
mastocytosis

Jonathan H Smith, Joseph H Butterfield and F Michael Cutrer

Abstract

Aim: To investigate the relationship between clinical mast cell activity and primary headache syndromes.

Methods: We surveyed individuals with systemic mastocytosis, an uncommon disorder associated with increased mast

cell activity. Diagnoses of primary headache syndromes in addition to the relationship of headache and symptoms of

mastocytosis were ascertained.

Results: A response rate of 64/148 (43.2%) was achieved. Headache diagnoses in our respondents (n¼ 64) were largely

migraine (37.5%) and tension-type headaches (17.2%). Typical aura with and without migraine headache was highly

represented in our patient population (n¼ 25, 39%). Three individuals met criteria for primary cough headache

(4.7%). Symptoms reflective of mast cell activity were significantly greater in individuals reporting headaches. Patients

experiencing headache concurrently with mastocytosis flairs were more likely to be male (p¼ 0.002), have histaminergic

symptoms, such as itching (p¼ 0.02) and runny nose (p¼ 0.03), and have unilateral cranial autonomic features (p¼ 0.04).

However, using standardized International Headache Society criteria, we did not identify individuals with cluster head-

ache or other trigeminal autonomic cephalalgias in this population.

Conclusions: Our observational survey-based data supports a clinical relationship between mast cell activity and

primary headache syndromes. Generalizability of our results is limited by the low response rate and possible tertiary

referral bias.
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Introduction

Systemic mastocytosis (SM) is characterized by an
increased total burden of mast cells, which can be path-
ologically demonstrated as multifocal infiltrates of mast
cells in either the bone marrow or an extra-cutaneous
site. The World Health Organization (WHO) has pub-
lished criteria for the diagnosis of SM, defining increas-
ingly aggressive subtypes (1). These diagnoses range
from the most common and benign form, indolent sys-
temic mastocytosis (ISM), to mast cell leukemia
(MCL). A large percentage of patients with ISM pos-
sess a specific gain-of-function mutation (D816V) in the
mast cell c-Kit receptor, which results in premature
mast cell activation (2).

Symptoms in mastocytosis are attributable to parox-
ysmal mast cell degranulation, either directly into the
host tissue or into the bloodstream, and may include
flushing, diarrhea, itching, and syncope. A recent case
series of individuals with neurological manifestations in
mastocytosis has provided additional clinical data to

suggest a pathogenic relationship between migraine and
mast cell dysfunction (3), building on an earlier detailed
case investigation by Ashina (4). Interestingly, other
authors have commented on a cluster-like headache
phenomenology, but without reference to
International Headache Society (IHS) criteria (5,6).
While headache in general is known to be a significant
contributor to disability in patients with mastocytosis
(7), a dedicated study has not been carried out to define
the headache sub-types and clinical features in this
population.

Mast cells have been most closely studied with
respect to the pathophysiology of migraine (8,9),
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although they have also been implicated in cluster
headaches (10,11). Mast cells are found in varying den-
sities throughout the dura mater, in association with
connective tissue, neural, and vascular structures
(12,13). A variety of stimuli implicated in migraine
pathogenesis have also been associated with mast cell
degranulation, including pituitary adenylate cyclase-
activating peptide (14), substance P (15), calcitonin
gene-related peptide (15), corticotropin-releasing
factor (16), and the parasympathetic nervous system
(17). More direct evidence comes from the landmark
observation that dural mast cell degranulation results
in sustained meningeal nociceptor activation, in addi-
tion to activation of second order neurons within the
trigeminal nucleus caudalis, as measured by c-Fos
expression (18).

With the aim of better understanding the clinical
relationship between primary headache syndromes
and mast cell activity, we obtained detailed survey
information from 64 patients with systemic mastocy-
tosis regarding their experience with headaches, if
any.

Participants and methods

Patient identification

With Mayo Clinic Institutional Review Board (IRB)
approval, the Mayo Medical Index Registry was
searched between January 1999 to December 2008, to
identify all participants 18 years of age or older who
had been assigned a diagnosis of systemic mastocytosis.
One-hundred-and-seventy-one consecutive cases of sys-
temic mastocytosis were identified, all meeting WHO
consensus criteria (1). A retrospective chart review of
neurologic referral across this population has previ-
ously been reported (3).

Data collection

All patients were sent a detailed headache survey by
mail, designed to assess cross-sectional primary head-
ache diagnoses, according to International Headache
Society (IHS) International Classification of Headache
Disorders-2 (ICHD-2) criteria (19). The survey further
ascertained information regarding the underlying mast
cell disease, with attention to current mast cell
mediated symptoms. Participants were asked ques-
tions regarding the temporal association of their head-
aches with flairs of their mastocytosis. Patients
contradicting themselves in different survey questions,
or with unclear answers, were subsequently inter-
viewed by telephone by the primary investigator
(JHS) to ensure accurate documentation of the clinical
features.

To more completely define the clinical phenotypes,
all survey participants were asked to complete the
Headache Disability Inventory (HDI), a self-report
inventory (20). The HDI is a 25-item questionnaire
which assesses both the emotional (E) and the func-
tional (F) impact of headache. We considered the
total composite score of both components (EþF) in
our analysis, which is scored as a fraction out of a max-
imal possible score of 100.

Statistical analysis

All analyses were carried out using the JMP statistical
software package (Version 8, SAS Institute Inc, Cary,
NC, USA). Descriptive statistics were used to describe
the cohort. Continuous variables were described as
means with standard deviations, and nominal variables
as counts and percentages. Groups were compared
using Kruskal-Wallis tests to compare continuous
variables among three groups, followed by post-hoc
pairwise comparisons using Wilcoxon Rank Sum tests
when the overall p-value for the three-group compari-
son was significant. For dichotomous variables, a
strategy was applied using chi-square or Fisher’s exact
tests, as appropriate. Adjustments were not made for
multiple comparisons. Results were considered to be
statistically significant for p� 0.05.

Results

Of the 171 surveys distributed by mail, we received
notice that 23 of these patients were either no longer
residing at the address on record, or had died since their
most recent visit to Mayo Clinic. A response rate of 64/
148 (43.2%) was achieved. A mean time of 7.2 years
had elapsed between the initial diagnosis of systemic
mastocytosis and return of the survey. Of 28 patients
tested for the D816V c-Kit mutation, 21 were positive.
A comparison of the demographics and WHO masto-
cytosis classifications between survey responders and
non-responders is summarized in Table 1. A trend
was observed for survey non-responders to have a
higher frequency of more aggressive mastocytosis var-
iants (SM-AHNMD and ASM).

Thirty-six patients (56.2%) reported having head-
aches in general, with 25% of the total cohort reporting
either chronic migraine or chronic tension-type
headache (TTH). All patients with headaches were clas-
sifiable by IHS criteria (see Table 2). Among patients
with migraine, two thirds reported an associated aura.
An additional nine patients met criteria for typical aura
without headache, such that 25 total patients had
migraine aura. Patients with aura most frequently
reported typical visual auras; however, language and
sensory phenomenon were also very common.

2 Cephalalgia 0(0)
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Three patients met criteria for primary cough headache,
two of whom also had migraine. None of these patients
had been treated with indomethacin. No patients met
the criteria for cluster headache or other trigeminal
autonomic cephalalgias.

Clinical features were compared between groups
with no headache, TTH, and migraine (Table 3).
Symptoms reflective of mast cell activity were much
more common in patients with either TTH or migraine
than in patients not reporting headache. Differences
between the TTH and migraine group did not reach
statistical significance with respect to mast cell
mediated symptoms. However, there were several cir-
cumstances in which the migraine group dissociated
from patients with no headache, when TTH did not
(Table 3). At least one unilateral cranial autonomic
feature was reported by 14 patients, 10 (41.7%) of
whom had migraine and 4 (36.4%) TTH (comparison
non-significant, p¼ 0.76). Night-time waking by head-
aches was reported by ten (41.7%) patients with
migraine, and one (9.1%) patient with TTH
(p¼ 0.054). No patient met criteria for primary
hypnic headache.

Headache patients were divided into two groups
consisting of those who had reported headache concur-
rently with at least 50% of mastocytosis flairs (n¼ 15),
and those who had not noted an association (n¼ 20).
Patients who experienced headache with at least half of
their flairs were more likely to be male (p¼ 0.002), have
higher HDI scores (p¼ 0.02), and to report itching
(p¼ 0.02), runny nose (p¼ 0.03), and unilateral cranial
autonomic symptoms (p¼ 0.04). Comparison of all
other clinical features, including headache diagnosis,
syncope, diarrhea, and flushing, were non-significant.

Discussion

In patients with systemic mastocytosis we find through
use of cross-sectional survey-based data that primary
headache syndromes are common, disabling, and

associated with clinical mast cell activity. We also dem-
onstrate headaches occurring in temporal association
with mastocytosis flairs to be associated with greater
disability, independent of the headache sub-type. A lim-
itation of this study includes the referral bias possible in
the study of a tertiary center cohort, necessitated by the
inherent difficulty obtaining a large cohort size in the
study of an uncommon disorder. The purpose of this
protocol was not to establish whether various primary
headache syndromes are comorbidities of mastocytosis,
and this conclusion should not be inferred from our
data as a control group was not used. A low survey
response rate of 43.2% represents an additional poten-
tial limitation to our study. However, survey respon-
ders more accurately reflected a general mastocytosis
population than did survey non-responders, as more
aggressive subtypes seemed to be over-represented in
the latter group (Table 1) (2). Finally, multiple compar-
isons were performed, which increases the chance that

Table 1. Comparison of survey responders and non-responders

Characteristic Responders (n¼ 64) Non-responders (n¼ 84) p-value

Female, No (%) 37 (57.8) 42 (50) 0.34

Age, years (mean� SD) 56.4� 13.6 58.3� 13.7 0.53

Disease duration*, years (mean� SD) 7.2� 3.27 6.89� 2.9 0.63

ISM, No (%) 60 (93.8) 70 (83.3) 0.055

SM-AHNMD, No (%) 3 (4.7) 9 (10.7) 0.18

ASM, No (%) 1 (1.5) 5 (5.95) 0.18

*Disease duration defined as the time from tissue diagnosis to either survey return or send date (for non-responders).

Abbreviations: ISM¼ indolent systemic mastocytosis, SM-AHNMD¼ systemic mastocytosis with an associated hemato-

logic non-mast cell disorder, ASM¼ aggressive systemic mastocytosis.

Table 2. Distribution of headache diagnoses among survey

respondents (n¼ 64)

Characteristic Patient n (%)

Headache, total 36 (56.2%)

Chronic daily headache 16 (25%)

Migraine, total 24 (37.5%)

With aura 16 (25%)

Without aura 8 (12.5%)

Episodic 11 (17.2%)

Chronic 13 (20.3%)

Typical aura without headache 9 (14%)

Tension-type headache, total 11 (17.2%)

Episodic* 8 (12.5%)

Chronic 3 (4.7%)

Other

Primary cough headache 3 (4.7%)

*Combined subgroups of both infrequent and frequent episodic TTH.

Smith et al. 3
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some of the observed statistically significant relation-
ships could be due to chance.

In our survey, patients with both migraine and TTH
more frequently experienced symptoms reflective of
mast cell activity than individuals not reporting head-
ache. In other words, the likelihood of having headache
in our study cohort was related to the clinical activity of
the underlying mast cell disorder. Dural mast cell activ-
ity may be a nonspecific means for generating pain in
both headache conditions; however, the mechanisms
underlying our findings will need to be addressed in
further studies (16,21,22). A direct temporal relation-
ship between headache and clinical mast cell activity
was reported by only 44% of those with headaches,
implying that systemic degranulation alone may not
be sufficient to trigger headache. Along these lines,
headache is recorded by only a minority of individuals
(<4%) during an anaphylactic reaction (23). A more
protracted exposure to an increased mast cell burden
may contribute to headache susceptibility and chroni-
fication. However, headache and abdominal pain are
also common symptoms of mast cell activation syn-
drome (MCAS), which is not associated with tissue
infiltration (24). Future study of individuals with mas-
tocytosis may yield insights into the relative contribu-
tions of dural versus peripheral mast cell populations.

With regard to the known functions of mast cells, it
is of interest that primary cough headache was found to

be over-represented in our cohort (4.7%), in compari-
son with the 1% prevalence observed in both a popu-
lation and clinic-based study (25,26). This high
prevalence needs to be confirmed in a controlled popu-
lation-based protocol. Although the pathogenesis of
cough headache has not been well defined, transient
increases in intracranial pressure transmitted from
Valsalva maneuvers are certainly an important compo-
nent (27). The dura has long been appreciated to be
sensitive to mechanical stimuli (28). However, it has
only recently been demonstrated that mast cell degran-
ulation can persistently sensitize meningeal nociceptors
to mechanical stimulation, an effect mediated at least in
part by serotonin, prostaglandin I2, and histamine (29).
Proteinase-activated receptor 2 (PAR2), which can be
activated by mast cell tryptase, may also contribute to
meningeal mechanosensitization (30). Increased dural
sensitivity to mechanical stimuli in our patients with
systemic mastocytosis may have been pathogenic in
the development of a pain response to coughing.

An unexpected result of our study was the common
occurrence of aura either with or without typical
migraine headache (39%), representing an approximate
fivefold excess of what would be expected from the sum
lifetime prevalence of aura in a general population
(2.3% for migraine aura without headache and 5%
for migraine with aura) (31,32). Whether meningeal
or systemic mast cell-derived products influence the

Table 3. Clinical features by headache diagnosis

No HA TTH Migraine

p-value p< 0.05*(n¼ 19) (n¼ 11) (n¼ 24)

Male gender, n (%) 11 (57.8%) 4 (36.4%) 7 (29.2%) 0.15

Age MC diagnosis, mean� SD 60.3� 12.4 49.7� 12 41.1� 10.2 <0.0001 a, b

Alcohol use, n (%) 7 (36.8%) 2 (18.8%) 5 (20.8%) 0.39

HA with flairs50%
y, n (%) – 6 (54.6%) 9 (37.5%) 0.34

FH Migraine, n (%) 2 (10.5%) 2 (18.2%) 13(54.2%) 0.005 b, c

HDI, mean� SD – 0.13� 0.14 0.35� 0.3 0.02 c

Difficulty concentrating, n (%) 2 (10.5%) 6 (54.5%) 13 (54.2%) 0.007 a, b

Syncope, n (%) 3 (15.8%) 4 (36.4%) 7 (29.2%) 0.41

Flushing, n (%) 6 (31.6%) 9 (81.8%) 21 (87.5%) 0.0003 a, b

Warmth, n (%) 5 (26.3%) 8 (72.7%) 14 (58.3%) 0.027 a, b

Itching, n (%) 11 (57.9%) 6 (54.5%) 17 (70.8%) 0.55

Runny nose, n (%) 4 (21.1%) 3 (27.3%) 13 (54.2%) 0.062

Abdominal pain, n (%) 4 (21.1%) 6 (54.5%) 17 (70.8%) 0.005 b

Diarrhea, n (%) 8 (42.1%) 9 (81.8%) 16 (66.7%) 0.075

Chest tightness, n (%) 0 (0%) 2 (18.2%) 10 (41.7%) 0.005 b

Bone pain, n (%) 4 (21.1%) 5 (45.5%) 15 (62.5%) 0.025 b

Pathologic fracture, n (%) 1 (5.3%) 1 (9.1%) 3 (12.5%) 0.72

Abbreviations: HA¼ headache, TTH¼ tension-type headache, MC¼mast cell, FH¼ family history.

*Multiple comparisons abbreviated as a: TTH differs from no HA, b: Migraine differs from no HA, c: Migraine differs from TTH.
yHeadache reported to be concurrent with at least 50% of mastocytosis flair.

4 Cephalalgia 0(0)
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development or propagation of cortical spreading
depression (CSD) is not known, but if proven to be
true, this would represent a novel insight into the cur-
rent model of migraine aura (33–37).

Patients in our cohort who experience headache
during flairs are more likely to be male, have histamin-
ergic symptoms, and unilateral cranial autonomic fea-
tures. This may account for the confusion in the
literature that patients with mastocytosis may experi-
ence cluster-like headaches (5,6). Using standardized
IHS criteria, we do not find evidence for cluster head-
ache or other trigeminal autonomic cephalalgias in this
population. Interestingly, that these headaches with
autonomic features occur in association with mastocy-
tosis flairs further implicates mast cells at the cross-
roads of pain and autonomic dysfunction (38).

In conclusion, we have described the distribution of
primary headache syndromes among a cohort of indi-
viduals with systemic mastocytosis, in an effort to
broaden our understanding of the contributions of
mast cells to headache pathophysiology. Our findings
will require confirmation, but are hypothesis generat-
ing, in that we implicate for the first time mast cells in
the pathogenesis of primary cough headache and pro-
vide intriguing new data suggesting a fivefold increase
in the occurrence of migraine aura in patients with
mastocytosis.
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Appendix 1. Survey questionnaire

Name (Please print): _______________________________________________________________

Age: _______________________________

General Questions

Do you get headaches? Yes/No

Do you get headaches on at least 15 days of every month? Yes/No

Do your headaches occur exclusively (100% of the time) in the context of flair of your mastocytosis?

Yes/No

Do your headaches coincide with the majority (� 50%) of your mastocytosis flair? Yes/No

Over the past year, circle which of the following symptoms have occurred with at least 50% of your mastocytosis
flair?:

Difficulty concentrating,

‘‘brain fog’’,

flushing,

warmth,

itching,

runny nose,

abdominal pain,

6 Cephalalgia 0(0)



XML Template (2011) [24.9.2011–10:19am] [1–10]
K:/CEP/CEP 421683.3d (CEP) [PREPRINTER stage]

diarrhea,

bone pain,

chest tightness,

shortness of breath,

light-headedness,

syncope (passing out),

Other(s): ___________________________

If you get bone pain, please circle all the locations that apply (Pelvis, ribs, hands, feet, spine, femur (thigh bone),
humerus (arm bone), face, skull).

Have you ever had a fracture from only minor injury or been told that it was related to your mast cell disease? Yes/
No

Do you drink alcohol (� 3 drinks per week)? Yes/No

If you do get headaches, please proceed to the remainder of the survey.

Headache type #1

1. Have you had 5 or more headaches which untreated or unsuccessfully trea-
ted lasted from 4 to 72 hours?

Yes /No

IF NO, go to question 5.

2. If yes, were at least 5 of these headaches:

Unilateral (one side of your head) Yes/No

Throbbing/pulsatile (pounding) Yes/No

Of moderate to severe intensity Yes/No

Worsened by or cause to avoid routine physical exertion Yes/No (walking, climbing stairs)

3. Were at least 5 of these headaches accompanied by:

Nausea and/or vomiting Yes/No

Sensitivity to light or sound Yes/No

4. How often do these headaches occur? (< 15 days per month OR� 15 days
per month) (circle one)

5. Have you ever had at least two episodes (with or without headache) con-
sisting of temporary:

Visual disturbance: (flickering lights, spots, zigzagging lines, blind spots) Yes /No

(NOT just visual blurring or snow like-symptoms)

If yes, did the visual disturbance:

Gradually develop over at least 5 minutes Yes/No

Persist from 5 to 60 minutes Yes/No

Affect the same part of vision on both eyes Yes/No

Sensory disturbance: (tingling, ‘‘needles & pins’’ &/or numbness) Yes/No

If yes, did the sensory disturbance:

Gradually develop over at least 5 minutes Yes/No

Persist from 5 to 60 minutes Yes/No
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Headache type #2

Headache type #3

Affect one half of the body (arm, leg &/or face) Yes/No

Language disturbance: (inability or slowed to think or the correct word, diffi-
culty with reading or writing)

Yes/No

If yes, did the language disturbance:

Gradually develop over at least 5 minutes Yes/No

Persist from 5 to 60 minutes Yes/No

6. Please check all of the family members who have recurrent headaches that
make them nauseated or light and sound sensitive:

Father ___ Mother ___ Sister ___ Brother ___ Daughter ___ Son ___ None of
my family members_____

7. Have you had at least 10 headache episodes that were:

Lasting between 30 minutes and 7 days Yes/No

Bilateral (both sides of the head) Yes/No

Of mild to moderate intensity Yes/No

Pressing or tightening in quality Yes/No

Not made worse with exertion Yes/No

8. Were any of these headaches accompanied by:

Nausea and/or vomiting Yes/No

Sensitivity to light or sound Yes/No

9. How often do these headaches occur? (< 15 days per month OR� 15 days per month) (circle one)

10. Have you had at least five headache attacks around or above one eye or one side of the head,
and lasting between 15 to 180 minutes?

Yes/No

11. If yes, were at least five of these headaches:

Severe or very severe in intensity Yes/No

12. Were at least five of these headaches associated with any of the following only on the same side
as the headache:

Tearing from one eye Yes/No

Runny nostril Yes/No

Stuffy nostril Yes/No

Swollen eyelid Yes/No

Sweating on one side of the face Yes/No

Droopy eyelid Yes/No

Restlessness or agitation Yes/No

13. During attack periods, do the headaches occur between once every other day to eight times per
day?

Yes/No
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Headache type #4

Headache type #5

Headache type #6

Headache type #7

Please circle YES, SOMETIMES, NO depending on how each of the following statements applies to you:

1. Because of my headaches I feel handicapped. [YES, SOMETIMES, NO]
2. Because of my headaches I feel restricted in performing my routine daily activities. [YES, SOMETIMES, NO]
3. No one understands the effect my headaches have on my life. [YES, SOMETIMES, NO]
4. I restrict my recreational activities (e.g., sports, hobbies) because of my headaches. [YES, SOMETIMES, NO]
5. My headaches make me angry. [YES, SOMETIMES, NO]
6. Sometimes I feel that I am going to lose control because of my headaches. [YES, SOMETIMES, NO]
7. Because of my headaches I am less likely to socialize. [YES, SOMETIMES, NO]
8. My spouse (significant other), or family and friends have no idea what I am going through

because of my headaches. [YES, SOMETIMES, NO]
9. My headaches are so bad that I feel that I am going to go insane. [YES, SOMETIMES, NO]

10. My outlook on the world is affected by my headaches. [YES, SOMETIMES, NO]
11. I am afraid to go outside when I feel that a headaches is starting. [YES, SOMETIMES, NO]
12. I feel desperate because of my headaches. [YES, SOMETIMES, NO]
13. I am concerned that I am paying penalties at work or at home because of my headaches. [YES, SOMETIMES,

NO]
14. My headaches place stress on my relationships with family or friends. [YES, SOMETIMES, NO]
15. I avoid being around people when I have a headache. [YES, SOMETIMES, NO]
16. I believe my headaches are making it difficult for me to achieve my goals in life. [YES, SOMETIMES, NO]
17. I am unable to think clearly because of my headaches. [YES, SOMETIMES, NO]
18. I get tense (e.g., muscle tension) because of my headaches. [YES, SOMETIMES, NO]
19. I do not enjoy social gatherings because of my headaches. [YES, SOMETIMES, NO]
20. I feel irritable because of my headaches. [YES, SOMETIMES, NO]
21. I avoid traveling because of my headaches. [YES, SOMETIMES, NO]

14. Within a period of just three days, did you start getting daily headaches that lasted for at least
three months?

Yes/No

15. Do you get headaches that wake you up from sleep? Yes/No

16. If yes, does this occur at least 15 times per month? Yes/No

17. Do these headaches last at least 15 minutes after waking up? Yes/No

21. Do you get headaches that only begin suddenly (not just made worse by coughing) because of
or during a bout of coughing?

Yes/No

22. Do these headaches last between one second and thirty minutes? Yes/No

23. Does this type of headache ever occur in the absence of cough? Yes/No

18. Have you had at least 20 attacks of severe pain around or above one eye, or on one side
of the head?

Yes/No

19. Are these headaches associated with on one side: eye tearing, redness, runny nostril,
stuffy nostril, eyelid swelling, droopy eyelid, or facial sweating? (Circle what occurs)

20. During attack periods do they occur at least 5 times per day for at least half the time? Yes/No

Smith et al. 9



XML Template (2011) [24.9.2011–10:19am] [1–10]
K:/CEP/CEP 421683.3d (CEP) [PREPRINTER stage]

22. My headaches make me feel confused. [YES, SOMETIMES, NO]
23. My headaches make me feel frustrated. [YES, SOMETIMES, NO]
24. I find it difficult to read because of my headaches. [YES, SOMETIMES, NO]
25. I find it difficult to focus my attention away from my headaches and on other things. [YES, SOMETIMES,

NO]
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