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Solar urticaria - An Australian case series of 83 patients

Abstract: Solar urticaria (SU) is a rare form of urticaria with a pathogenesis that is poorly under-
stood. It affects all skin types, can be difficult to diagnose, and is challenging to manage effective-
ly. We conducted a retrospective review of patients with SU in our institution. A total of 83 pa-
tients were identified as having SU. There were 25 males and 56 females with a mean age of 32
years (7-74) at first development of symptoms/signs of SU. Pruritus was the most common symp-
tom reported (79%). Of the sixty patients who underwent monochromator testing at least once,
35 had SU confirmed with most reacting to visible light and UVA, or to UVA alone. Antihistamines
and sun avoidance remain the mainstay treatment for SU but other treatments, including omali-
zumab, are of/petential interest in treating patients with recalcitrant SU. The characterisation of
this large case series of patients may help dermatologists recognise and manage this rare disor-

der appropriately.

Key Words: Solar urticaria, phototesting, photodermatosis, omalizumab, urticaria

Learning Points:
* Solar urticariatisqa rare disorder with specific clinical features and diagnosis is aided through the
use of phototesting.

* Omalizumabis a petentially exciting new treatment for this difficult to manage condition.

Introduction:

Photodermatoses are a group of dermatological conditions associated with an abnormal reaction
to UV radiation,‘infra-red radiation, visible light or a combination of these. Solar urticaria (SU) is a
rare photodermatosis, reported as representing only 4-8% of all photodermatosis presentations
[1] and estimated to account for only approximately 0.4% of all urticarias [2]. Current theories
about its cause are centered around the idea of an as yet to be elucidated chromophore which is

activated by light and which, in turn, induces mast cell degranulation [3]. Patients are a diverse
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group. They can present at any age including infancy [2, 4, 5], with any skin phototype, reporting
signs of wheals, pruritus, swelling, burning, stinging, and erythema usually within minutes of ex-
posure to sunlight and/or fluorescent light. They may also suffer systemic symptoms of dizziness,
nausea, fatigue, headache and flushing. The severity of the symptoms and signs depends largely
on the amount of exposure and the intensity of irradiation. Symptoms usually resolve within a
few hours, but.thesnegative impact on their quality of life should not be underestimated [6]. The

disease course is.variable.

Currently, there'is no cure for SU and management is primarily symptomatic, consisting of high
doses of antihistamines, sun avoidance, sunscreens, and protective clothing. Other treatments
have been tried with varying success and some treatments currently recommended for chronic
idiopathic/spontanéous urticaria have also been suggested for use in SU: H2-blockers, photother-
apy, immunosuppression, intravenous immunoglobulins, plasmapheresis, polypodium
leucotomos, extracorporeal photo-chemotherapy, alpha-melanocyte stimulating hormone and
more recently,;omalizumab has shown promise. Clinical resolution has been reported to occur in

12 - 50% of patientsat 5 years, 26 - 70% at 10 years and 36% at 15 years [7, 8].

This paper reports the characteristics of a population of 83 patients with clinically confirmed SU
and no otherphotodermatosis in a single tertiary referral centre in Melbourne, Australia. We aim
to use this large case series to aid dermatologists in understanding this rare disease, the useful-

ness of phototesting.in this context and the management options currently available.

Methods:

Ethics approval for the study was obtained from the Research Governance Unit of St Vincent's
Hospital, Melbourney This was a retrospective study. All patient files which were coded as poten-
tially having SU.were identified, retrieved and reviewed by the primary investigator - this included

paper, microfilm.and electronic files. All information was stored in a secure database.

Results:

Patient characteristics: (table 1)
A total of 83 patients were identified as having SU between 1992 and 2017. This diagnosis was

primarily clinical and was determined by a consultant dermatologist. Blood tests were undertaken
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in all patients to rule out other photodermatoses (as described later). Other possible causes such
as medications, infections, and exogenous agents were also investigated and ruled out.
Phototesting with monochromator and solar simulator was performed in 60 patients. Not all pa-
tients consented to testing or were able to be tested due to technical issues with the machine.

Thirty-five patients (58%) had positive light tests confirming SU.

Disease characteristics:

Solar urticaria_has many symptoms and signs. Seventy-four patients reported signs/symptoms in
response to exposure to sunlight and six reported that fluorescent light could also trigger a re-
sponse. Forty-five patients were triggered by sunlight through glass (which corresponds to a reac-
tion to UVA) and twenty-three through clothing (which is dependent on the type and thickness of
the fabric).

Contrary to the.general belief that repeated exposure to the sun results in a certain hardening
that reduces the symptoms of SU in these areas [9, 10], thirty of our patients (36%) reported signs
on their facesytwenty-four ( 28.9%) on their neck/chest, twenty-five (30%) on their arms, and
twelve (14.4%) on*their hands. The majority of patients (61.4%) reported signs on any sun-

exposed sites:

Of symptoms reported, pruritus was the most common (66 patients - 79.5%), followed by a burn-
ing sensation (9.6%), pain (3.6%) and stinging (2.4%). Erythema was the most common sign re-
ported (51 patients®61.4%), closely followed by wheals (46.9%), papules or patches (26.5%), and
swelling (22.8%)=All patients reported a combination of symptoms. Only ten patients (12%) re-
ported systemic symptoms with nausea being the most common (4.8%), then headaches (2.4%),

fatigue (2.4%); dizziness (1%) and flushing (1%).

As expected, the.majority of patients reported a time to signs/symptoms of < 5 minutes (55%), followed by
15-30 minutes (13%), 10-15 minutes (10.8%), and 5-10 minutes (9.6%). The time to resolution was mostly
within an hour(62%) but was reported up to and later than 4 hours (36%). Twenty-two patients reported

symptoms all year, while twenty-six reported symptoms primarily in summer.

Phototesting and Wavelength Sensitivity:
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Several lamps can be used for phototesting - slide projectors and fluorescent tubes are inexpen-
sive and readily available. A solar simulator (a xenon lamp) is more expensive but also more accu-
rate if used with a monochromator to determine the action spectrum (AS) at different wave-

lengths [1, 11].

Sixty patients underwent monochromator phototesting. The right or left mid-back was chosen as
these are usually.less sun exposed. An Oriel Corporation (Stratford, USA) monochromator, F/o.7
Aspherb Condenser with a high pressure 450-1000W Xenon arc lamp was used. The patients were
tested for specific wavelengths in the visible light, UVB and UVA spectrum. An immediate ery-
thema or urticarial reaction, occurring within one hour, was recorded. It was possible to deter-
mine the actiongspectrum (AS) in thirty-five (58%) of the sixty patients who underwent
monochromator testing at least once (figure 1). The remaining twenty-five patients (41.6%) had

no reaction. Thirty-three patients reacted to the UVB/UVA solar simulator.

Management: (table 2)

Antihistamines'were the most prescribed medication used by our patients (85%). Many patients
used several of these medications throughout the study period and sometimes more than one at
the same timenQther medications that were prescribed are listed in table 2. Sunscreen was doc-
umented as.being used by only sixty-one patients (73%). Some patients reported having tried

sunscreen without effect and therefore discontinued its use.

Unfortunatelyg/dueito the nature of the disease or perhaps the lack of efficacy of most of the
treatments, manysof the patients in our series were lost to follow up or no record of whether their

symptoms had resolved was made.

Discussion:

Pathogenesis:
Solar urticaria (SU),is believed to have first been described by Merklen in 1904 but Duke coined
the term in 1923 and was also the first to use sun exposure as prophylaxis [10]. There are current-

ly two theories regarding pathogenesis [3]:

1. An abnormal endogenous substance or “chromophore” that occurs only in the patient
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2. An abnormal reaction to a normal endogenous substance present in both patients and controls

The chromophore absorbs light of a wavelength corresponding to a triggering action spectrum
(AS). This then acts as a photoallergen, triggering the production of specific IgE antibodies which
bind to mast cells. Re-exposure to this AS causes the release of histamine resulting in urticaria,
erythema and_itehy,However, to date no photoactive molecule has been identified and there is

currently no goed.animal model for SU.

The pathogenesis theory is further complicated by the observation of an ‘inhibition spectrum’ first
reported by Hasei and Ichihashi in 1982 [12] and confirmed by other authors [g]. They demon-
strated that a doséfour times a patient’s AS would not induce lesions if the test site was promptly
irradiated with'light of wavelengths longer than this AS [13]. Shortly thereafter an ‘augmentation
spectrum’ was also observed by Horio and Fujigaki in 1988 [14] and then by Horio in 2003 [9].
They showed that.irradiation with specific wavelengths before irradiation with the AS enhanced
the urticarial reaction in one, then four other patients with SU. The phenomenon of “fixed” SU,
where the eruption‘occurs only in specific areas of the body, adds further intrigue into the patho-

genesis of this dermatosis [15-18].

Investigationof a patient with suspected solar urticaria:

Making a diagnosis of SU can be challenging and can sometimes be a diagnosis of exclusion. As
shown in our_case_series, these patients represent a heterogenous population with varying
signs/symptoms and, histories. Without access to monochromator testing, or even with it, the di-

agnosis is often‘aclinical one. Below we have summarised our approach to making the diagnosis.

1. Exclude the differentials: These are predominantly: chronic idiopathic/spontaneous urticaria,
polymorphic.light eruption, connective tissue disease, drug eruption and photo-exacerbated
eczema. The.distinction is predominantly clinical on history and examination (see Table 3).
Important.questions include: variation over the seasons, time to, duration and distribution of
signs and/or'symptoms, spread to non-light exposed skin and time to resolution. Exposure to
medications or exogenous triggers is paramount to ruling out a photo-allergic or photo-toxic
reaction. The severity and duration of signs/symptoms is influenced by the length of exposure
and the intensity of the light. Long exposures are more likely to produce systemic symptoms
[19].
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2. Laboratory investigations: There are no specific laboratory tests for SU and indeed the
EAACI/GA2LEN/EDF/WAO guidelines for the definition, classification, diagnosis and man-
agement of urticaria (2013 and 2017 revision and updates) strongly recommend against rou-
tine diagnestic measures being performed in acute urticaria and recommend only very limited
tests in chreniaidiopathic/spontaneous urticaria [20, 21]. However, full blood count, biochem-
istry and ANA<can help exclude autoimmune diseases that cause photosensitivity and

porphyrins are often ordered to exclude porphyria.

3. Biopsy: Biopsy is of limited value in these patients. The histologic features of SU are similar to
other forms of‘Urticaria and depend upon the time of exposure. There is endothelial swelling
and increased permeability of the vascular endothelium, with early perivascular dermal infil-

tration by neutrophils and eosinophils [22].

4. Phototesting: This can elicit the eruption which in turn can confirm the diagnosis. The AS for
each patient'¢éan be determined which can guide patients and physicians in selecting man-
agement options. Phototesting is performed on the back or forearm. Monochromator testing
distinguishes,which wavelengths cause the eruption. UVB (280-315nm), UVA (315-400nm) and
visible light"(>400nm) wavelengths are tested. Patients can react to a combination of the
wavelengths and importantly, a negative phototest does not exclude a diagnosis of SU [6]. In-
deed, sometimes it is necessary to perform the test several times, as the AS may change [23].
It may be mecessary, or helpful, also to use direct sunlight to elicit a response, particularly
when phototesting is not available. Although this doesn't clarify the wavelength responsible it
can aid the diagnosis. The difficulty in eliciting the AS in some patients may imply the “exist-
ence of seyeral photoactive molecules” which then react to differing wavelengths [13]. Figure
2 shows a graphical representation of the phototesting results of all the case series which in-
cluded theirASsresults published in the literature to date which the authors could find on a
search of Ovid Medline. This shows a preponderance for reaction to visible light and that up to
half of patientsymay have no reaction. Figure 1 shows our results. We had a similar number of
patients with no reaction, however, we had more patients with a reaction to UVA than to visi-

ble light.

Treatment Options:
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There is currently no cure for SU. Treatment options are directed primarily at symptom control
with the aim of allowing patients to lead normal lives. See table 2 for a list of treatment options
we used in our patients and table 4 for a list of treatment options reported in the literature. These

treatments can be used alone or in combination.

Antihistamines

Continuous second-generation antihistamines, taken at the lowest necessary dose, are first line in
treating SU [20]. Histamine is believed to be an important mediator of SU but it is likely other
mediators are also involved and this may explain why antihistamines are sometimes ineffective
[22] with one study'showing only a third of patients had complete suppression of symptoms, an-
other third had"a partial response and the rest were unresponsive [24]. Antihistamines act on the
Ha receptor and have been shown to reduce urticaria [25]. In many patients however, much high-
er doses than the.conventional dosage are usually needed (up to fourfold) and many patients will
try a variety of\different formulations over the duration of their disease [20]. This trend was ob-
served in our patients with an average of 2.7 antihistamines used by each patient (range 1-8). Var-
iation in efficacy, price and side effects may explain this. Regular use of antihistamines may not
only reduce thexdiscomfort of SU but may also allow the patient to expose themselves to sunlight
more often, .thUs giving them a chance to make their skin more tolerant with time [26]. Treat-
ment with a combination of different antihistamines concurrently has been shown to increase the

chance of successful remission [27].

H2 Blockers

While H2 blockers are primarily used in the treatment of gastritis due to hyperacidaemia, it has
been observed that the combination of H1 and H2 blockers can suppress the histamine-induced
wheal of urticariasin.general whilst not in SU specifically [28]. Fifteen of our patients were pre-

scribed Ranitidine:

Phototherapy

Phototherapy, where wavelengths of the AS are administered 2-4 times per week starting with
short exposure times and gradually increasing exposure time, can lead to symptomatic relief of
SU through an effect called “hardening” [29]. Only 18% of our patients received this therapy. Un-

fortunately this usually results in short-lived remission (only up to 6 months) [30] and is very time-
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intensive making it difficult for most patients to access. Photo-chemotherapy (PUVA), can be
used for those patients sensitive to UVA and provides longer-lasting results (weeks to months)
but has the increased risk of developing skin cancers and unpleasant side-effects caused by the
psoralen [30]. Using wavelengths of the ‘inhibition’ spectrum as discussed earlier, may also be

used to induce tolerance [31].

The mechanism,by‘which these modalities work remains elusive. Leenutaphong et al [32] and
Keahey et al [33], cast doubt on the theory of histamine depletion by showing that mast cells re-
tain their integrity with photo-irradiation. Instead, Leenutaphong et al proposed that “it is likely
that binding sites of IgE on mast cells remain occupied by the photoallergen during the state of
tolerance, andthat'histamine release from mast cells is blocked.” Another theory is that repeated
exposure leadsto épidermal thickening and increased melanin production which may reduce the

intensity of radiationtransmitted to the chromophore [34].

Immunosuppression:

The use of thgse medications in SU lacks evidence. The best that can be determined is that as

they have been'shewn to be useful in chronic urticaria (CU), there may be some use in some pa-

tients with SU:

1. Methotrexate: A study of 8 patients with recalcitrant CU [35] showed an 87% complete re-
sponse rate. However, a randomised placebo-controlled double-blind pilot study of metho-
trexate in the treatment of antihistamine resistant CU (14 patients) [36] concluded that there
was no additional benefit in using methotrexate as compared to Hi antihistamines. Only one
of our patientsswas prescribed this medication.

2. Cyclosporin: Randomised double-blind studies have shown efficacy in approximately two-
thirds of patients with CU and 25% of these report long-term improvement [37, 38]. Its use
has also been.shown to be effective and safe in a small cohort of children [39]. However,
Hurabielle,et.alf#0] looking at reports of 11 patients in France with severe refractory SU didn't
show as strong a benefit from cyclosporin use in this condition. Only one of our patients was
prescribed thissmedication.

3. Leukotriene receptor antagonists (montelukast) - A combination treatment of antihistamine
and montelukast has been shown in a small study of eleven patients with SU to result in either

complete remission (63%) or partial remission (9%) [41]. This small study also included three
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patients who received no treatment and two of these showed complete remission. We includ-

ed 4 patients who received this treatment.

Omalizumab

Omalizumab is a regombinant humanised monoclonal anti-IgE antibody indicated for the treat-
ment of asthmarand CU. Several case reports of SU treated by omalizumab have been reported
and results are variable but potentially promising. Aubin et al [42] reported a phase Il multi-centre
study of 10 patientsin France in 2016 with severe SU refractory to antihistamines treated with the
same regimen of omalizumab as for CU (30omg subcutaneously at intervals of 4 weeks for a total
of 8 weeks with a baseline dose). Phototesting, performed at weeks 12 and 20, were performed to
determine anyschange in their minimum urticarial dose (MUD). They were also assessed on
changes in the Dermatology Life Quality Index (DLQI) score. Only 2 patients (20%) reached the
primary end point of\a response rate defined as no SU after exposure to an ultraviolet dose great-
er than 10-fold.the baseline MUD at 12 weeks. No patients achieved this result at 20 weeks sug-
gesting a shortitime to relapse. Furthermore, only 40% reported a DLQI score of < 6 at 12 weeks,

meaning moreithan half did not see a reduction in symptoms.

More recentlyjsSnast et al [43] have reported a case series of 5 patients with SU treated with
monthly doses’of omalizumab resulting in clinical improvement in all patients with 4 patients ex-
periencing complete remission. Their systematic review of the literature reported that 79% of pa-
tients treated with omalizumab showed clinical improvement and 11% had mild adverse effects
including “gastrointestinal intolerance, periorbital oedema, local reaction, and short-term asthe-
nia”. Also Morgado-Carrasco et al [44] reported use of omalizumab in 8 patients with 89% show-
ing improvement. UVA exposure was implicated in the majority of their patients and
phototesting was normal in 42.8% after treatment. While these studies are promising, their small
patient numbers.are.a limitation and further studies are needed, however we recognise the diffi-

culty in obtainingJdarger numbers due to the rarity of this disorder.

IV Immunoglobulins

Intravenous immunoglobulin (IVIG) is a blood product containing polyvalent immunoglobulin G.
IVIG has been demonstrated to be effective in the treatment of various types of recalcitrant
urticarias. Aubin et al [45] showed a response rate of 22.2% in a multi-centre phase Il trial of g pa-

tients with severe SU treated with a single course of IVIG (2g/kg). This was maintained for a varia-
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ble length of time (24-48 weeks). They concluded that “a single course was insufficient to obtain
prolonged significant control of SU.” Adamski et al [46] retrospectively reviewed 7 patients with
SU treated with IVIG of varying courses and found a “beneficial effect of IVIG in severe SU” but
were unable to specify the optimal administration of this product. IVIG is relatively safe but there
are potential side effects such as headache, myalgia, flushing, fever, chills, fatigue, nausea or
vomiting, low baeck,pain, chest discomfort, hypotension and hypertension, tachycardia and skin

eruptions [45]. ltis.€xpensive and difficult to obtain in Australia.

Plasmapheresis

Plasmapheresis has/only been reported in case studies to date and results have varied from no
effect to completg'remission, furthermore most results have been short-lived. Leenutaphong et al
[47] reported threepatients with SU treated with plasmapheresis with complete remission in one,

transient improvement in the second but no effect in the third.

Other Therapigs.reported in the Literature:
1. Polypodiumsleucatomos extract at 48omg/day orally was tested in 57 patients with idiopathic
photodermatoses (4 with SU) and the authors saw a benefit in 73.68% of all patients with no

side effects'48]. They did not report on the SU patients specifically.

2. Extracorporeal photochemotherapy has been reported as successful in one case of SU after g

treatment cycles [49].

3. Alpha-melanocyte stimulating hormone (a-MSH) analogue, afamelanotide, is a super-potent

agonist of the melanocortin-1 receptor resulting in melanogenesis. A study by Haylett et al [50]
in 5 patients'with"SU who received a single dose of 16mg through a subcutaneous implant in
winter showed aniincreased mean melanin density, peaking at day 15. They demonstrated a
reduction in wheal induction with a “greater than twofold overall increase in MUD”. It is not yet

approvedfor use in SU, and is still awaiting FDA and TGA approval.

Conclusion:
The characterisation of this large case series of patients has been performed with the aim of aid-
ing dermatologists in recognising and managing SU in an appropriate and realistic fashion given

what we know about the pathogenesis and management strategies available today. More re-
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search into SU is warranted, particularly in regards to the promising new anti-IgE therapies such

as omalizumab.
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Figure Legend:

Figure 1: This graph shows the phototesting action spectra results from our case series
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Figure 2: This graph shows the percentage of patients with positive phototesting results reported
in the literature per the categories of visible light (VL), ultraviolet A (UVA), ultraviolet B (UVB) and

combinations of these.
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| Time to symp- Time to - - Most common
Photodermatosis : : Distinguishing feature(s)
toms/signs resolution age group
Immune-mediated Photodermatoses
Idiopathic Solar ) Within 24 . o
o Minutes Pruritus, urticarial wheals Any age
urticaria hours
_ o Usually men >50 years old; can occur Mainly older
Chronic actinic ) ) )
- ~30 seconds chronic | through glass and with fluorescent light; men; younger
dermatitis ) _ o )
scaling and lichenification adult atopics
o Time course, pruritus, papules; V area of
Polymorphic Light
Erupt 2 hours to 3 days | 2 to 6 days | the neck, arms, legs; usually spares the Any age
ruption
face
Superior helices, occurs in Spring; pruritic
Juvenile spring papule that may evolve into blisters and Boys and
) 2.hours to 3 days |2 to 6 days . ) )
eruption crusts with no scarring; Localised form of Young Men
PMLE
Precipitated by the heat of the sun rather
Cholinergic S 30 minutes | than the irradiation so also affects non-
o within minutes Adult
(Heat) Urticaria to 1 hour | exposed areas; often exacerbated by sweat-
ing
o _ ) Intensely pruritic papules; Face (lips, nose,
Actinic prurigo hours to days chronic ) ) Any age
eyelids), hands and arms in 60-70%
Associated with EBV infection and UVA ex-
) posure; symmetric distribution, ophthalmic
Hydroa 30 minutes to 2 ) o ) o
o years and oral involvement; fluid-filled blisters Paediatric
vacciniforme hours _ _ o
‘hydroa’ that heal with pox-like ‘vacciniform’
scars
Photoaggravated Detmatoses
Systemic Lupus i several | Lesions are not urticarial or pruritic, ANA
minutes to hours o Any age
Erythematosus weeks +ve, Skin immunofluoresence +ve
Exogenous Photodermatoses
] Exogenous agent + UVA; transient painful
Photo-toxic Reac- . hours to . .
. minutes to hours erythema/oedema; caused by direct tissue | Any age
tions days
damage
) 24-72 hours (in pre- )
Photo-allergic Re- - S Exogenous agent: UVA; Immune-mediated.
sensitised individu- | 2 to 6 days Any age

actions

als)

Eczematous changes, papular, vesicular
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Induced by drugs and/or renal insufficiency;

several
Pseudoporphyria minutes to hours ‘ skin fragility, blisters and erosions on hands | Adult
weeks
and feet
Metabolic Photodermatoses
Skin pain, red blood cell protoporphyrin lev-
Erythropoietic . ] els are high due to ferrochelatase deficien- )
] </=5 minutes chronic . ) ) Lifelong
Protoporphyria cy; pitted scarring particularly over cheeks,
nose and knuckles
Elevated uroporphyrinogen; increased fragil-
Porphyria cutanea ] ] ] ity of the skin on the dorsum of hands and
immediate chronic Adult

tarda

forearms with blisters, milia and erosions;

scarring

Table 3 - Distinguishing between the differential diagnoses
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Table 4 : Treatment options in solar urticaria

1. Avoidance of their action spectrum & using
physical barriers such as dark coloured, densely
woven clothing, hats, sunglasses and staying
indoors.

Chemical barriers such as sunscreens
Antihistamines & H2 Blockers
Phototherapy«(NBUVB, PUVA)
Immunosuppression (methotrexate, cyclosporin)
Omalizumab

IV Immunoglebulins

Plasmapharesis

© ©® N o g bk~ WD

Polypodium leucotomos,

10. Extracorporeal photochemotherapy

11. Alpha-Melanocyte stimulating hormone (a-MSH)
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Figure 1: Phototesting Action Spectra results from our case series
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Figure 2: Phototesting action spectra results in published case series
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