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Abstract
Background—Physical urticaria is a subtype of chronic urticaria induced by a physical stimulus.

Objective—To evaluate the consistency between a history of physical urticaria and results of
challenge testing.

Methods—Seventy-six subjects, ages 3—77, were referred with the diagnoses of a physical
urticaria and were evaluated using challenge testing directed toward the presenting diagnosis, yet
included other stimuli based on history. The majority of subjects were tested to 3 or more stimuli,
thus 294 provocation tests were performed. Fifty-seven subjects were surveyed for the status of
their physical urticaria at least one year after initial evaluation.

Results—Of the 76 subjects with a positive history of a physical urticaria, 38 %(N=29) were
challenge negative to the presenting diagnosis. Eight patients within the challenge negative group
reacted positively to additional testing, thus 28 % (N=21) remained negative to all challenge
testing, allowing discontinuation of medications and avoidance behavior. A negative challenge
result was less likely in subjects presenting with cold induced urticaria (25 %), delayed pressure
urticaria (25 %) and dermatographism (29 %), yet more common in cholinergic (65 %) and solar
urticaria (67 %). A one-year follow-up survey of 57 subjects was consistent with initial results.
Nineteen of this sub-group were rechallenged for the presenting diagnosis and the outcome was
unchanged in 17 patients and in two patients the urticaria had resolved.

Conclusions—The diagnosis by history of a physical urticaria should be verified by testing
whenever possible; and particularly if the condition is judged as severe and thus requires both
significant life-style changes and pharmacologic intervention.
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Introduction

Methods

Subjects

Physical urticaria is a unique form of hives that is induced by specific physical stimuli. It is
estimated that 0.5 % of the population has physically induced urticaria/angioedema and this
population comprises 20-30 % of all cases of chronic urticaria (CU). (1, 2) The lifetime
prevalence of a physical urticaria is estimated to be 4-6 %. (1) Disease resolution is quite
variable depending on the subtype of physical urticaria, age of onset, and severity but has
been estimated at 13—-16 % after one year, 50 % after 5 years. (3, 4) The pathogenesis of
physical urticaria is associated with the release of mediators from cutaneous mast cells, but
the mechanisms underlying this mast cell activation remain unclear. (5, 6) The various forms
of physical urticaria, their relevant stimuli and prevalence include: dermatographism (overall
prevalence 2-5 %, 10 % of CU), cold urticaria (2 % of CU), delayed pressure urticaria/
angioedema (1-2 % of CU), cholinergic urticaria (11 % of young adults, 2-5% of CU),
exercise-induced urticaria, local heat urticaria (0.2 % of CU), vibratory urticaria (0.1 % of
CU), solar urticaria (0.4-0.5 % of CU) and aquagenic urticaria (0.3 % of CU).(1, 3, 7-12)
The diagnosis is based on a history of episodic physically induced urticaria ideally
confirmed by the reproduction of this response following office-based provocation
testing(13, 14). However, challenge testing requires proper equipment, training, and clinical
support. Because of these requirements, caregivers may rely on the patient history for
diagnosis and selection of intervention strategies. We thus ask the question as to how often
the history would not be reproduced if challenge testing was performed.

In our study, we thus performed at total of 294 challenge tests prospectively on a cohort of
76 subjects that were diagnosed by a referring physician with a physical urticaria. Most
patients were on medications and had altered their life style to avoid reactions. Challenge
testing was directed by the presenting diagnosis and the clinical history. As will be shown,
our study reveals that a significant portion of our subjects referred with the diagnosis of a
specific physical urticaria were negative to challenge and these findings remained consistent
upon follow-up at least one year later.

A cohort of 76 subjects, ages 3—77 years, diagnosed with a physically induced urticaria by
an internist, pediatrician, allergist or dermatologist, were referred to the NIH from 2009-
2014 under protocol 09-1-0126 (Pathogenesis of Physical Induced Urticarial Syndromes) for
further evaluation. At least one week prior to evaluation, all subjects refrained from taking
anti-histamines and anti-leukotrienes or any agent that could affect the outcome of the
challenge testing. Following informed consent, all subjects underwent a thorough history,
which included a 36 question clinical survey of physical urticaria administered by clinical
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staff (supplemental material), and a physical examination. Subjects were acclimated to the
ambient challenge room temperature for at least 2 hours before testing

Challenge testing

Challenge testing was directed toward the presenting diagnosis (e.g., cold urticaria), yet
included other stimuli based on the history and survey results (Table I). For example, one
subject was referred for the evaluation of cold urticaria while skiing. Upon questioning the
subject reported the development of hives on non-cold exposed areas and after jogging in
the cold. This subject was thus tested for cold induced urticaria and cholinergic/exercise
induced urticaria. All subjects were tested for dermatographism and the majority of subjects
were challenged to 3 or more other physical stimuli (median 4.0, IQR 1.0). Standard
challenge testing was performed as described (Table I) (2, 9, 13) and included the following:
Dermatographism: stroking of skin at various pressures (20-144 g/m?) using a
dermographometer; (9) Cold induced urticaria: stimulation using a 50 ml glass beaker of ice
water (0°-2°C) placed on the forearm for 1-10 minutes, cold hand water submersion (10° C)
to 2 inches above the wrist for 5 minutes and in some cases total body cold exposure (4° C)
for 10-20 minutes, evaporative cooling of water droplet with airflow at ~1 I/s ; Cholinergic
urticaria/exercise induced: 15-25 minute treadmill exercise challenge until there was
profuse sweating and continued exercise for >10 minutes, and/or 20-30 minutes hot water
bath (40° C) until a (>1° C) rise in core body temperature was documented; Delayed
pressure urticaria/angioedema: using a dermographometer set at 100 g/m? imparting
pressure for 5-180 seconds on the forearm and ~20 Ibs. weight bearing on shoulder for 15—
20 minutes; Solar Urticaria: direct exposure (1 x 3 cm area)using UVA, UVB and visible
light for a range of time/joules depending on the Fitzpatrick phototyping scale to determine
the minimual urticarial dose; Vibratory Urticaria/angioedema: vortex vibratory stimulation
for 4 minutes at 2400 rpm. Local heat: 1-10 minute exposure to beaker of hot water (45—
50°C); and Aquagenic urticaria: submersion of upper body limbs in water at room
temperature and application of wet compresses for 20-30 minutes. Contact challenge stimuli
was targeted in general to the volar surface of the arms and observed for the development of
a wheal, flare and pruritus at 5, 10, 15 minutes post challenge and again at 30 minutes. In
cases of cholinergic and aquagenic urticaria, the appearance of small macular or pinpoint
lesions, were noted. For delayed and late phase reactions (pressure, vibration, solar),
subjects were additionally observed at 4, 6, 8 and 24 hours post challenge. Figure 1 displays
photographic examples of urticaria which developed 15-20 minutes (or 6 hours for delayed
pressure) following challenge testing. All subjects (N=33) presenting with a history of cold
urticaria underwent cold challenge testing to ice, cold hand immersion (if tolerated) and
evaporative cooling and additional challenges based upon further questioning included 4 to
generalized cold room, 8 to vibration, and 4 exercise. All subjects (N=20) with a history of
cholinergic urticaria underwent exercise challenge plus other challenges (8-hot bath, 18-ice,
10-evaporative cooling, 11-vibration). For delayed pressure, all 8 subjects performed
dermographometer pressure, weight bearing and vibration testing plus other testing (2-ice, 2-
exercise, 1-solar). Other subjects were tested as follows: dermatographism, N=7 (7-
dermographometer, 7-vibration, 4-ice, 1-pressure); solar, N=3 (3-solar, 1-vibration, 1-local
heat); Vibratory, N=2 (2-vibration, 2-ice); aquagenic, N=1(1-compresses/immersion, bath);
exercise induced, N=1 (exercise, vibration).
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Statistical Analysis

Calculation of median and interquartile range for tables and figures was performed using
Excel and Prism.

Results

Overall demographics indicate the median (IQR) for the cohort was 32.0 (29.25) years, with
a female predominance (67 %) and a median (IQR) duration of symptoms of 4 years 6.25).
Approximately half overall were atopic, (49 %) consistent with a mildly elevated median
(IQR) IgE of 53.6 1U/mL (147.8). Serum tryptase levels and inflammatory markers (CRP,
ESR) were within normal range. The median (IQR) number of challenge test was 4.0(1.0)
based on a total of 294 challenge tests performed. Table 11 also includes overall medication
use and severity scaling (0-15) based on frequency and severity of symptoms. (15)

In response to challenge testing that was directed toward the presenting diagnosis, 62 % of
76 (n=47) patients developed urticaria (Challenge Positive/History Positive) and 38 % n=29)
were challenge negative (Challenge Negative/History Positive), (see Table I1). Based on
further questioning and provocation, an additional eight patients) within the challenge
negative group were diagnosed with another physical urticaria (Other Positive) so a final
diagnosis of a physical urticaria was reached in 72 %(n=55) of subjects (All Positive) yet 28
% (n=21) remained negative to all challenge testing (All Negative) Figure 2).

When comparing the groups as shown in Table 11, the All (challenge) Positive group tended
to be more atopic (52 % vs. 40 %), have a higher IgE level (median, 53.6 vs. 45.3 IU/mL),

and exhibit a lower elevated CRP (median, 0.8 vs. 1.1 mg/but less psychotropic medication
use (for mood and sleep disorders and ADHD; median 0.0 vs. 1.0) than in the All Negative

group.

We also quantified the proportion of negative challenge results according to the various
types of physical urticaria (Figure 3). The percentage of patients that had a negative
response to challenge testing of their presenting diagnosis was relatively low for both cold
and delayed pressure urticaria (25 %), yet high in cholinergic (65 %) and solar urticaria (67
%).

To further validate our provocation testing results and assess disease status, 57 of 76 patients
were re-evaluated at least one year after their initial assessment (Table 111). Our results
indicate that all 19 patients that did not develop urticaria following challenge testing to their
presenting diagnosis, maintained this negative diagnosis at least one year later. Amongst the
38 that were initially positive to challenge, there was resolution of disease in 4 while the
remaining 34 subjects had unchanged manifestations. Based on subtype, there was
resolution of disease in one patient in four urticarial subtypes: cold, cholinergic, delayed
pressure and dermatographism. Other physical urticaria testing that was performed outside
of presenting diagnosis remained unchanged (either positive or negative) at one-year follow-
up. Thus follow-up results demonstrate an overall consistent pattern of disease at least one
year after the initial evaluation, with disease resolution in 11% of patients.
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Discussion

Physically induced urticaria is unique in that office-based challenge testing may be
employed to determine the presence and extent of the reaction. This outcome not only
substantiates the diagnosis, but also serves as a guide to both the patient and physician as to
appropriate avoidance and treatment.

In our study, we performed a prospective survey of 76 subjects referred for a physical
urticaria and determined that 38 % of the subjects were negative to the presenting diagnosis
and 28 % were determined to be negative to all challenge testing performed. These findings
have enabled individuals in the negative challenge group to decrease medication use and in
some cases, with proper monitoring, to stop medicine and resume normal activities. In one
example, a 36-year female presented with a 10 year history of severe and debilitating
cholinergic urticaria. Her treatment regimen included over 20 medicines (antihistamines,
leukotriene inhibitors, steroids, immunosuppressive agents, etc.) Following negative
challenge testing for cholinergic urticaria, she resumed medicine-free normal life. The
majority of our cohort (57 of 76) were reevaluated at least one year after the initial
assessment and were found to have consistent manifestations, noting that of the 19 patients
that were negative to provocation, all remained negative. These results support the value and
reproducibility of challenge testing in patients with a history of a physical urticaria. Of the
38 patients that were initially positive to challenge, 4 patients (11 %) demonstrated
resolution of symptoms. Our data is consistent with another report (n=73) that showed a
resolution rate of 16 % at one-year follow-up.(4) While the majority of patients were
diagnosed accurately and the condition may have resolved before challenge testing as
reported in this paper, in a number of patients we did not verify the diagnosis at time of
challenge, supporting the use of challenge testing to provide an objective diagnosis or to re-
evaluate a previous diagnosis. Standard challenge testing also establishes individual
thresholds for positivity, which can be used to determine disease severity and objectively
evaluate response to therapy. One option for physicians who do not perform testing and
where the diagnosis of a physical urticaria is associated with behavior intervention and
pharmacologic therapy is to consider referral to a specialty clinic or tertiary care center for
challenge testing.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Physical Urticaria Images
A) Cold-induced; 1, 3, and 5 min cold-contact. B) Dermatographism; linear scratch using

dermographometer (below image) at 20, 60, 99 and 144 g/mZ2. C) Delayed-pressure; (at 6
hr.) using 100 g/m? pressure for 1, 2, and 3 min. D) Local heat; 55° C contact for 5 sec. E)
Evaporative cooling; on left, with right side airflow blocked. F) Vibratory; vortex
stimulation for 4 min G) Solar; from UVA at 1, 5, 10, and 20 Joules. H) Cholinergic;
following exercise.

J Allergy Clin Immunol Pract. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

wdudsnuel Joyny vd-HIN

Komarow et al. Page 9

100~
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Figure 2. Summary of Challenge Testing Results
Of 76 subjects with a positive history of a physical urticaria, 47(62 %) were challenge

positive and 29(38 %) were challenge negative to the presenting diagnosis. Eight within the
challenge negative group were positive to another stimulus (Other Positive). Thus a physical
urticaria was documented in 72 % (n=55) of subjects (All Positive) and 28 % (n=21)
remained negative to all challenge testing (All Negative).
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Percent (%) Negative

Figure 3. Percent Negative Challenge Testing by Subtype
The proportion of negative challenge results based on the various types of physical urticaria

indicates the percent negative was low (25 %) in cold-induced, and delayed pressure
urticaria (25 %); yet high in cholinergic (65 %) and solar urticaria (67 %).
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Distinguishing Features

Diagnostic testing*

Dermatographism

linear, pruritic hives from shear force, most common
physical urticaria

linear stroking at various pressures (20-144 g/m2) using
dermatographometer, FricTest or ball point pen

body temperature

Cold pruritic wheal and flare from cold contact, up to 1/3 ice water in 50 ml beaker placement for 1-10 min, cold hand
of cases of physical urticaria immersion for 5 min, total body cold exposure, evaporative
cooling
Cholinergic pin-point diffuse papular lesions from increase in core | exercise challenge to induce sweat plus > 10 min, or passive

warming using hot water bath to raise body temp > 1°C

Exercise induced

not induced by passive warming, larger lesions often
associated with systemic symptoms

exercise challenge as above

Delayed Pressure

pruritus, swelling and pain 4-8 hrs. after exposure,
may be associated with systemic symptoms of fatigue,
arthralgia

100 g/m2 of pressure for 5-180 sec duration on the forearm
using a dermatographometer and 15 Ibs. weight bearing on
shoulder or lower leg for 15-20 min

urticaria

Solar immediate reaction to UV and visible light, resolves UVA, UVB and visible light stimulation of variable intensity
within 24 hrs., distinguish from polymorphous light to establish minimal urticarial dose
eruption
Vibratory erythema and swelling beyond provocation site vortex vibratory stimulation for 4 min at 2500 rpm
Local Heat rare, reaction limited to area of exposure hot water (45-50°C) in glass beaker placement 1-10 min to
establish threshold
Aquagenic rare, distinguish from evaporative cooling and cold submersion of hand/forearm at ~35° and application of wet

compress for 20-30 min

*
based on references 2, 9, 15
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