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The standard pharmacologic therapy for chronic urticaria (CU) depends on the
use of medications such as type 1 antihistamines, which have been used for many
years. Many newer medications that are useful in treating allergic rhinitis and
asthma have not been studied extensively in patients with urticaria. A number of
small but promising studies have found potential benefit from a variety of anti-
inflammatory medications that are less often used but well understood. For some
unusual patients, cutaneous sensitizers or ingestants are identified, and simple
avoidance is sufficient.

Urticaria is a heterogeneous condition. The term ‘“‘urticaria” describes the
cutaneous symptoms and signs that a patient experiences. There are a number of
potential causes of urticaria, and the severity and clinical pattern can vary
considerably from patient to patient. For these reasons, the treatment regimen
needs to be individualized.

This article discusses the established therapies for CU and the experimental
evidence for the use of nonstandard and relatively unknown therapies. New
agents that are under development for the treatment of allergic diseases are
mentioned because of their potential for use in the treatment of CU.

Avoidance measures

As with other allergic conditions, if a specific trigger of urticaria can be
identified, optimal treatment would involve the avoidance of that specific trigger.
Examples include physical stimuli, specific foods, medications, and topical
sensitizers. In the case of the physical urticarias (eg, cold-induced urticaria, solar
urticaria, exercise-induced urticaria), avoidance of the specific physical agent
would be expected to prevent recurrences of urticaria.
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Removal and reintroduction of foods in an open fashion commonly is used
to establish causality. This practice is often unhelpful for patients with CU,
however. If this approach is done, patients should attempt to reintroduce
suspected foods in an organized fashion to avoid lifetime use of an unnecessarily
restricted diet. In patients with a history of significant angioedema or anaphy-
laxis, reintroduction should be done under the direct supervision of a skilled
physician. In select cases, a double-blind, placebo-controlled food challenge may
be indicated.

Some cases of urticaria may be caused exclusively by nonallergic triggers
(some of which may cause direct release of histamine from skin mast cells).
Examples of this type of trigger include use of aspirin, other nonsteroidal anti-
inflammatory drugs (NSAIDs) [1,2], and opiates. If one of these agents is found
to be a triggering factor, avoidance is prudent.

Thirty percent to 50% of patients with CU are believed to have autoantibodies
to the high-affinity receptor for IgE (FceRI) and are considered to have
autoimmune CU. An additional 30% to 50% of cases of CU have no identifi-
able cause. Therefore, eighty percent to 90% of patients do not have a physical
trigger-, food-, topical sensitizer-, or drug-induced condition. These patients
traditionally are referred to as having chronic idiopathic urticaria. Some patients
with CU might describe a number of factors that do not seem to be exclusive in
causing urticaria but seem to lead to an exacerbation or worsening of the urticaria.
Examples might include a physical trigger, such as prolonged pressure to the
skin; a nonspecific releaser of histamine (eg, an NSAID [2,3]); or psychosocial
stress. In this instance, avoidance of this specific exacerbating factor might be of
some benefit, although little experimental evidence supports such a recommen-
dation. If a patient has no clearly identifiable physical, cutaneous, or ingestant
trigger, avoidance measures are unlikely to be of benefit.

Treatment of underlying diseases

Urticaria rarely may be a manifestation of an underlying disease (see article by
Dibbern and Dreskin elsewhere this issue), and in these cases, treatment of the
underlying condition may be warranted. Little experimental evidence shows that
treatment of underlying conditions leads to a clinical improvement of urticaria.
The best example of a systemic condition that commonly is associated with CU is
Hashimoto’s thyroiditis [4—7]. Treatment with thyroxine has been reported to
alleviate the urticaria. This topic is discussed later in this article and more
extensively by Schocket and Rumbyrt in another article in this issue. Other
underlying medical conditions that have been reported to be associated with
urticaria rarely are seen as a cause of urticaria, and the evidence supporting these
associations is less substantiated. Examples of other conditions include cryoglo-
bulinemia [8] and endocrine tumors [9]. A few reports have suggested that
Helicobacter pylori might be associated with urticaria in some patients [10—13],
but the data is not strongly supported.
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Pharmacotherapy

H; antagonists

H; receptor antagonists (antihistamines) are considered the first line of
treatment for acute urticaria and CU. Histamine is known to be an important
mediator in urticaria [14,15]. The older, first-generation H; antagonists are
effective in reducing the symptoms and number of lesions of urticaria. Higher
doses often are more effective than lower doses, but may lead to side effects such
as sedation, cognitive impairment, dry mouth, and urinary retention. Because of
these side effects, chronic or around-the-clock use may not be desirable. Some
individuals may develop a tolerance to these side effects, but this occurrence is
highly variable among patients. The newer, second-generation H; antagonists are
generally less sedating. Use of some of these drugs (eg, loratadine, fexofenadine,
desloratadine) does not result in increased rate of sedation (compared with
placebo) at the recommended doses, and such drugs are considered to be

Table 1
Commonly used first-generation H; antagonists
Recommended
Drug Recommended adult dosage pediatric dosage Comments
Chlorpheniramine 4 mg PO every 4-6 h 2—6y: 1 mg PO Pregnancy
(Chlor-Trimeton) 10—20 mg per dose IV/IM/SC; every 4—6 h not to category B
not to exceed 40 mg/d exceed 4 mg/d

6—-12 y: 2 mg PO
every 4—6 h; not to
exceed 12 mg/d
Cyproheptadine 2—4 mg PO three times daily 2-6y:2mgtwoor A drug of choice
(Periactin) three times daily for primary
7—-14 y: 2—4 mg two acquired cold
or three times daily urticaria
Diphenhydramine ~ 25-50 mg every 4—6 h PO/IV/IM 5 mg/kg/d PO/IV/IM
(Benadryl) divided three or four
times daily; not to
exceed 300 mg/d

Doxepin 10—150 mg/d PO at bedtime or >12 y: 10-50 mg/d  Tricyclic
(Sinequan) divided two or three times daily PO at bedtime or antidepressant
divided two or three ~ Begin with a
times daily and can low dose
increase gradually (10—25 mg at
to 100 mg/d bedtime) first
Hydroxyzine 10—-100 mg every 6—8 h PO/IM 0.6 mg/kg/dose PO A drug of choice
(Atarax, Vistaril) every 6 h for primary
0.5-1 mg/kg/dose acquired cold
M every 4—6 h urticaria

Abbreviations: IM, intramuscularly; IV, intravenously; PO, orally; SC, subcutaneously.
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nonsedating. Others drugs (eg, cetirizine) can produce sedation in a minority of
patients [16—18], although not to the same degree as seen with first-generation
agents [16,17]; these drugs have been labeled by some clinicians as minimally
sedating. Many clinicians recommend the use of second-generation agents for
chronic or around-the-clock treatment and first-generation agents for severe cases
or acute exacerbations. Some clinicians also advocate the use of a second-
generation agent during the day, with a dose of a first-generation agent at night
(to minimize sedation during the day). Some tricyclic antidepressants, such as
doxepin, have potent H; and H, antihistaminic activity and can be helpful when
used as antihistamines [19,20], although they often cause considerable sedation
and anticholinergic side effects, such as dry mouth [20]. Table 1 shows some of
the commonly used first-generation H; antagonists. Table 2 shows the second-
generation agents that are on the market in the United States and shows the Food
and Drug Administration (FDA)-approved doses. At these doses, second-genera-
tion H; blockers have been shown to be superior to placebo in multiple clinical
trials, although the degree of efficacy is modest. Many clinicians use second-
generation antihistamines in doses that are higher than the FDA-approved dose,
although no controlled trials demonstrate significantly increased efficacy with use
of higher doses. Higher doses of the second-generation agents may lead to
increased side effects, although this finding has also not been well studied.
Mizolastine, a new second-generation agent that is available in Europe (but that is
not FDA approved in the United States) has been found to be effective for the

Table 2
Commonly used second-generation H; antagonists
Recommended Recommended
Drug adult dosage pediatric dosage Comments
Cetirizine 5-10 mg 6—12 mo: 2.5 mg May cause sedation in
(Zyrtec) PO once per day PO once per day approximately 10%—14%

12—23 mo: 2.5 mg of patients
PO once per day to Pregnancy category B

two times daily
2-5y:25-5mg

PO once per day or 2.5 mg
PO two times daily

>6y: 5-10 mg
PO once per day
Desloratadine 5 mg PO Not established for Rate of sedation similar
(Clarinex) once per day children younger than 12 y to that with placebo
A metabolite of loratadine
Fexofenadine 60 mg PO <6 y: not established Rate of sedation similar to
(Allegra) two times daily 6—11 y: 30 mg PO two that with placebo
times daily
Loratadine 10 mg PO 2—5y: 5 mg PO once per day  Rate of sedation similar to
(Claritin) once per day >6 y: administer as in adults that with placebo

Pregnancy category B

Abbreviation: PO, orally.
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treatment of chronic idiopathic urticaria [21] and primary acquired cold urticaria
[22]. Ketotifen, another agent that is not FDA approved, has antihistamine- and
mast cell-stabilizing properties and has been found to have efficacy in the
treatment of CU [23,24], cholinergic urticaria [25], and physical urticarias
[26—-28].

H, antagonists

H, receptors are found in large numbers in the stomach. For this reason, H,
antagonists (eg, ranitidine, cimetidine) primarily are used to inhibit gastric acid
secretion; however, H, receptors also are present in the skin and may contribute
to the cutaneous effects of histamine. The addition of an H, antagonist to an H,
antagonist in treating CU can be more effective than an H; antagonist alone, as
confirmed in small trials [29—31]. One of these studies found that 40% to 50% of
patients had statistically significant improvement when cimetidine was added to
hydroxyzine [29]. Other small trials have not seen this additive effect [32]. For
some patients who experience this synergistic effect between certain H; and H,
antagonists, the synergism may be caused by a pharmacokinetic effect, with the
H, blocker leading to increased blood levels of the Hy blocker [33]; this finding
warrants further study. For dermographism, a combination of chlorpheniramine
and cimetidine was found to be superior to either agent alone in a small trial [34].

Corticosteroids

In some cases of urticaria, antihistamines may not be adequate. In this setting,
systemic corticosteroids are usually effective. Urticarial vasculitis, which is
believed by many investigators to be a severe variant of CU, often requires the
use of high-dose steroids to achieve control.

Severe episodes of acute urticaria often do not respond to antihistamines
alone, and a short course of oral steroids (with or without a taper) may be
effective. Standard dosages (0.5—1.0 mg/kg/d) should be used and can be titrated
to achieve the desired response. In cases of CU that have not responded to H;
antagonists (even in high doses), the use of long-term systemic corticosteroids
can be considered. Although there are no large-scale, double-blind, placebo-con-
trolled trials of the long-term use of corticosteroids in CU [35], clinical expe-
rience suggests that these drugs are efficacious in most patients, if an adequate
dose is used. The likelihood of corticosteroid-induced side effects increases with
longer periods of treatment, and patients should be advised of this possibility so
that the risks and potential benefits can be considered carefully. The most-
effective, lowest dose should be used, and doses as low as 5 mg of prednisone
(or equivalent) every day or every other day may be effective.

Adrenergic agents

The use of epinephrine in urticaria should be considered only in acute cases
that are accompanied by life-threatening features, including signs of anaphylaxis
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or respiratory tract angioedema. Ephedrine, which has been shown to be effective
when used as part of a prophylactic regimen to prevent anaphylactoid reactions in
patients who are sensitive to radiographic contrast media [36], is used by some
clinicians to help control the induration associated with urticaria, but no good
experimental evidence supports this practice. There are conflicting reports of the
usefulness of terbutaline. In vitro, it may have some effect in suppressing the
wheal induced by intradermal injection of an allergen [37]. Some reports have
suggested clinical efficacy [38], particularly in cold urticaria [39], whereas other
studies have not found any significant clinical benefit [37,40]. Data are scarce,
and large-scale, well-controlled trials have not been done. Given the high rate of
side effects with these adrenergic agents, the therapeutic benefit—risk ratio for
chronic use is unlikely to be favorable in most patients.

Antileukotriene agents

Preclinical evidence suggests that the leukotriene receptor antagonists
(LTRAS) and leukotriene synthesis inhibitors may have some role in the treatment
of urticaria. Leukotriene C4 (LTC4) and leukotriene D4 (LTD4) are believed to
have roles as mediators in urticaria [41]. Studies have shown that the intradermal
injection of LTC4, LTD4, and leukotriene E4 produces a wheal-and-flare reaction
in normal subjects [42,43] and in patients with chronic idiopathic urticaria [43].
The sera from some patients with positive autologous serum skin tests have been
shown to cause histamine release and de novo production of sulfidoleukotrienes
in vitro [44]. Simons et al found that montelukast decreased the cutaneous
response to intradermally injected LTD4, although montelukast was no more
effective than placebo in decreasing the early and late cutaneous response to
intradermally injected histamine or allergen [45].

Case reports and small clinical studies have suggested that the antileukotriene
agents may have efficacy in the treatment of urticaria, but there have been no
published large-scale, blinded, placebo-controlled trials, and none of the agents
that are available in the United States are FDA approved for treatment of
urticaria. Nettis et al reported that montelukast was more efficacious than
fexofenadine for the treatment of CU, although montelukast was not compared
with placebo [46]. They also reported that the autologous skin test became
negative with montelukast treatment in six of nine patients who had a positive
autologous skin test at the beginning of the study. Ellis described one patient who
improved with zileuton, a 5-lipoxygenase inhibitor, and another patient who
improved with zafirlukast and zileuton treatment [47]. The efficacy in this second
patient was confirmed with a double-blind, placebo-controlled evaluation.
Spector and Tan reported one patient who improved with zafirlukast treatment
and a second patient who failed zafirlukast therapy but improved with zileuton
[48]. Both patients were administered the agents in an open-label fashion. Asero
described a patient whose CU was triggered by NSAID use and who improved
with an open-label trial of montelukast and zafirlukast [49]. In an open-label,
uncontrolled study, Asero et al reported that 6 of 11 patients with severe,
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unremitting, steroid-dependent urticaria improved with montelukast or zafirlukast
treatment [50]. Bensch and Borish reported that 10 of 18 patients with CU
benefited from the open-label addition of a leukotriene modifier to their treatment
regimens [51]. Nettis et al found that the combination of montelukast plus
loratadine was significantly more effective than loratadine alone in preventing
delayed pressure urticaria [52].

There are few published reports of blinded, placebo-controlled trials of
LTRAs in CU. In a double-blind, placebo-controlled, cross-over study involving
52 patients with CU, Reimers et al found that zafirlukast was no more effective
than placebo [53]. Erbagci found that montelukast was significantly more
effective than placebo in a single-blind, crossover trial in 30 patients with
refractory chronic idiopathic urticaria (CIU) [54]. Nine of 11 patients who
initially had a positive response to intradermal injection of autologous serum
had a negative test after treatment with montelukast. Patients with aspirin-
sensitive urticaria had good results with montelukast in this trial.

Although there have been some promising results with LTRAs in case re-
ports and small trials, large-scale, double-blind, placebo-controlled trials are
needed to confirm whether there is a significant role for LTRAS in the treatment
of urticaria. Similarly, there have been no large-scale trials with the 5-lip-
oxygenase inhibitor zileuton, although its use would likely be limited because
of the risk for hepatotoxicity.

Thyroxine

As discussed in an article by Schocket and Rumbyrt, substantial evidence
shows that CU is associated with thyroid autoimmunity; however, the patho-
physiologic mechanism that may connect these two entities in not understood.
As many as 12% to 14% of patients with CU have circulating thyroid autoanti-
bodies, which is considerably higher than the incidence of 5% to 6% seen in the
normal population [4,5,7]. Most of these patients are female, and many have
angioedema and urticaria. Although some of these patients have clear evidence
of Hashimoto’s thyroiditis, mandating treatment with thyroid hormone, many
are euthyroid with normal thyroid-stimulating hormone levels. Because clinical
experience has shown that treatment of Hashimoto’s thyroiditis with thyroxine
seems to lead to amelioration of CU in some patients, there have been a number
of attempts to use thyroxine to treat euthyroid patients with CU and antithyroid
antibodies. The results have been variable. Leznoff et al treated seven patients
who had thyroid autoantibodies but were euthyroid, with 0.2 mg/d of levo-
thyroxine in an open-label, uncontrolled manner [5]. Five patients showed
improvement of their urticaria, but this finding generally was not seen until
2 months after beginning therapy. In a later study, Leznoff et al treated
46 patients with CU and thyroid autoimmunity (some of whom were euthyroid
and others who were hypothyroid) with levothyroxine, but only eight patients
improved within 1 month [4]. Two of these patients who improved initially had a
reappearance of urticaria despite continuation of levothyroxine; however, four
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patients who improved, who had high thyroid autoantibody levels, had repeated
remissions each time levothyroxine was started and repeated relapses when
treatment was stopped. Rumbyrt et al had a better rate of success [6]: All seven
euthyroid patients with CU and elevated levels of antithyroid antibodies reported
resolution of symptoms within 4 weeks of starting thyroxine. Five of the seven
patients had a relapse of symptoms after discontinuing thyroxine and responded
again when the medication was restarted. There was no correlation between
clinical response and change in antithyroid antibody levels, suggesting that the
antithyroid antibodies themselves were not pathogenic. One patient in this study
underwent a double-blind trial with thyroxine and placebo, in which the response
to thyroxine was confirmed.

These findings suggest that some patients with CU and thyroid autoimmunity
may improve with thyroxine treatment, whereas others may fail the therapy. In
patients who improve, the mechanism of action is not clear. Hyperthyroid patients
have no difference in response to histamine, codeine, and compound 48/80
compared with controls [55], suggesting that thyroxine itself probably does not
have direct effects on mast cell release or cutaneous response to histamine. Larger
double-blind, placebo-controlled trials are needed to clarify which patients, if
any, respond to thyroxine.

Cyclooxygenase 2 inhibitors

As discussed previously, aspirin and other nonselective cyclooxygenase
(COX) inhibitors (traditional NSAIDs) exacerbate urticaria in some patients
[1,2] and usually are not used as therapy for urticaria. An exception is
indomethacin, which has been used for urticarial vasculitis [56]. The exact
mechanism whereby the NSAIDs may exacerbate urticaria is not known.
Traditional NSAIDs inhibit COX-2 and COX-1. COX-2 has a major role in
allergic diseases by synthesizing prostaglandin D,. COX-1 is involved in the
synthesis of prostaglandin E, (PGE,), which is believed to be able to down-
regulate the synthesis of LTC4 [57]. PGE, and COX-1 may be protective in
cutaneous allergic diseases such as CU. Because traditional NSAIDs inhibit both
COX enzymes, any beneficial effects of the inhibition of COX-2 in patients with
urticaria may be counteracted by the inhibition of COX-1.

Because the newer COX-2 inhibitors lead to the inhibition of COX-2 with
minimal inhibition of COX-1, one can hypothesize that they may be helpful in
treating cutaneous inflammatory diseases without the risk for exacerbating the
disease. Growing evidence shows that rofecoxib generally is well tolerated in
patients with a history of NSAID-induced cutaneous reactions [58—60], although
rare reactions still may occur. Other COX-2 inhibitors, such as nimesulide,
meloxicam, and celecoxib, which are less selective for COX-2, may not be as
well tolerated and have been reported to cause a higher rate of reactions [61].
There are only scarce reports of clinical trials of these agents. Anand et al added
rofecoxib to the existing regimens of eight patients with refractory CIU in an
open-label fashion [62]. Five patients had complete resolution of hives within
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5 to 7 days after starting rofecoxib and were able to discontinue steroids. The
drug generally was well tolerated, but one patient developed lower-extremity
edema and an increase in serum creatinine level that were believed to be related
to rofecoxib treatment. In another small trial involving 10 patients, the open-label
addition of rofecoxib to desloratadine was found to be statistically more effective
than desloratadine alone [63]. More studies are needed to confirm the efficacy of
these agents in CU.

Calcium-channel blockers

Limited evidence shows that the calcium-channel blocker, nifedipine, at
dosages of 10 mg twice daily to 20 mg three times daily and when used in
combination with an H; antagonist, may have some added benefit in patients who
have not responded to H; antagonists alone [64]. These agents rarely are used in
clinical practice, however, perhaps because the clinical benefit is limited and side
effects, such as edema, can occur.

Warfarin

A few case reports and one limited trial report on the use of warfarin in CU.
Parslew et al [65] found that six of eight patients treated in an open-label fashion
responded, with dramatic responses in three patients. These three patients
underwent a double-blind, placebo-controlled crossover study, which confirmed
the response to warfarin. The mechanism of action responsible for the response in
these patients is not known.

Other immunomodulatory and anti-inflammatory agents

Cyclosporine

A few studies indicate that oral cyclosporine can be efficacious in severe cases
of urticaria. An open-label, uncontrolled trial of high-dose (6 mg/kg) cyclospo-
rine in three patients with severe CU led to temporary but complete relief of the
urticaria in all of the patients, who also experienced significant transient side
effects [66]. A reduced dose of 3 mg/kg did not prevent the side effects and did
not provide complete relief to the degree seen with the 6-mg/kg dose. A separate
open-label trial of 12 weeks of cyclosporine therapy (with a control group that
received no treatment) resulted in full remission for 13 of 19 treated patients [67].
The patients initially received a 3-mg/kg dose, which was tapered progressively
over the study period. No severe side effects were reported. The autologous
serum skin test became negative in five of eight treated patients who initially had
a positive test. A later randomized, placebo-controlled trial of 4-mg/kg cyclo-
sporine treatment administered over 4 weeks resulted in a significant response in
8 of 19 treated patients [68]. Drug-related side effects were reported but did not
cause withdrawal from the study. A significant reduction of in vitro histamine-
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releasing activity and reduction in reaction size of the autologous serum skin test
was seen after cyclosporine treatment.

Plasmapheresis

A trial of plasmapheresis in eight patients with severe autoimmune (positive
autologous serum skin test) CU led to variable response in six patients [69]. A
decrease in the size of the skin test reaction to autologous serum after plas-
mapheresis in all four tested patients is compatible with the idea that plasma-
pheresis acts by eliminating pathogenic autoantibodies from the circulation,
although concrete evidence for this theory is lacking. Despite the somewhat
favorable results of this study, the procedure is not used commonly in clinical
practice. Case reports suggest efficacy in solar urticaria, particularly in cases in
which there seems to be a circulating photoallergen [70].

Intravenous immunoglobulin

Given that a significant proportion of CU cases appear to be autoimmune in
nature, intravenous immunoglobulin (IVIG), an agent that has some efficacy in
other autoimmune conditions, might have a role in the treatment of CU. In an
uncontrolled, open-label trial, 400 mg/kg/d of Sandoglobulin was given for
5 days to 10 patients with severe CU of an autoimmune nature (all patients had
positive skin test responses to autologous serum) [71]. Two patients had complete
and sustained remission (during 3 years of follow-up) after the single 5-day
course of IVIG. Three patients had complete but temporary remission and
relapsed after intervals of 6 to 21 weeks. Four patients had improvement (but
not complete relief), and one patient had only slight transient improvement.
Seven patients had a reduction in the size of the skin test response to autologous
serum, suggesting that the IVIG might have blocked the autoimmune phenome-
non in these patients. There have been no large-scale, double-blind, placebo-
controlled trials of this agent.

Colchicine

Patients with urticarial vasculitis, who are generally refractory to treatment
with H; antagonists alone and may be refractory to low-to-moderate doses of
systemic steroids, may benefit from combined treatment with high-dose cortico-
steroids plus colchicine [72]. A case report describes dramatic improvement of
normocomplementemic urticarial vasculitis with colchicine in a patient who was
unresponsive to steroids [73]. There is little evidence of the use of colchicine
in the treatment of ordinary CU.

Dapsone

Numerous case reports have shown benefit with dapsone for treatment of a
variety of presentations of urticarial vasculitis [74—80], particularly the hypo-
complementemic urticarial vasculitis syndrome. There are no reports of trials in
ordinary urticaria, but given the evidence of efficacy for urticarial vasculitis, there
may be some role for dapsone in severe cases of CU that seem to have some
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clinical overlap with urticarial vasculitis. Dapsone is contraindicated in patients
with G6PD deficiency.

Sulfasalazine

Open-label treatment with sulfasalazine, titrated up to a maximum dosage of
4 ¢/d, led to complete resolution of symptoms in two patients with severe delayed
pressure urticaria [81]. Large-scale, controlled trials have not been reported.

Hydroxychloroquine

Case reports suggest that hydroxychloroquine can be helpful for hypocom-
plementemic urticarial vasculitis [82], and angioedema associated with acquired
C1 inhibitor deficiency and systemic lupus [83]. Although this treatment has been
used in clinical practice for ordinary CU, there are no reports of specific
controlled trials.

Methotrexate

There are rare case reports of the use of methotrexate in CU. Gach et al
described its use in two patients with severe CU who were refractory to treatment
with antihistamines and required chronic steroid therapy to control their symp-
toms [84]. Neither patient had evidence of autoantibodies to the high-affinity IgE
receptor using histamine-release assays. Significant clinical improvement was
seen with 15 to 20 mg of methotrexate weekly. The potential toxicities of this
agent need to be taken into account and make it unlikely that methotrexate will be
used on a frequent basis in CU.

Cyclophosphamide

Although cyclophosphamide has been used for the treatment of urticarial
vasculitis, reports of its use in CU treatment are scarce. Bernstein et al [85]
reported a woman with severe autoimmune CU (established by a positive skin
test to autologous serum) whose disease was unresponsive to most medications
but could be controlled with prednisone at a dosage of 35 mg/d. She had
developed steroid-related toxicity, so cyclophosphamide was started at an
intravenous dose of 500 mg administered every 2 weeks and increased by
100 mg every 2 weeks until a maximum dose of 1500 mg was achieved, which
was continued every 4 weeks. She was able to slowly taper and discontinue
prednisone, and the autologous serum skin test turned negative (suggesting that
the cyclophosphamide may have eradicated B-cell clones that were producing
autoantibodies to the high-affinity IgE receptor). She had some mild residual
symptoms but did not require further steroid treatment. This study is the only
known report of the use of this agent in CU. Because of its significant
immunosuppressive properties, cyclophosphamide is unlikely to be used by most
clinicians in CU, except in extreme cases.
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Interferon o

A single case report describes a favorable response to interferon o in a patient
with chronic recurrent urticarial vasculitis and angioedema who was unrespon-
sive to other agents [86].

Future directions and possibilities

As the treatment of allergic diseases continues to advance, new agents may be
found that are effective in the treatment of urticaria. Some of these agents may
turn out to be more effective than existing therapies, whereas others may be
equally effective but have a more desirable safety profile.

Anti-IgE monoclonal antibodies

Considerable evidence has accumulated to support the hypothesis that a large
proportion of cases of CU are caused by an underlying autoimmune phenome-
non. Forty percent to 60% of patients have evidence of a serum histamine-
releasing factor, manifested by a wheal-and-flare response when their own serum
is injected intradermally (ie, a positive autologous serum skin test). Thirty percent
to 50% of patients have a circulating autoantibody to the high-affinity IgE
receptor, which is believed to be related to the ability of the serum to release
histamine (and cause a positive autologous skin test). If these autoantibodies to
the high-affinity IgE receptor are confirmed to be pathogenic in CU, specific
targeting of this autoimmune process might be highly effective for the treatment
of these patients. Treatment with omalizumab, a monoclonal antibody to IgE, has
been shown to lead to decreased surface expression of the high-affinity IgE
receptor on circulating basophils [87]. Whether this decreased expression would
been seen on cutancous mast cells is not known; if this effect were shown, one
might hypothesize that omalizumab would be effective in patients who have the
autoantibody to the high-affinity IgE receptor. No studies of the use of this drug
for CU have been reported.

Specific targeting of autoantibodies to the IgE receptor

As further work is done to clarify the role of autoantibodies to the high-affinity
IgE receptor in CU, other options for treatment may develop. If the autoanti-
bodies are confirmed to be pathogenic, it may be possible to develop biologic
agents to specifically target these IgE receptor-specific antibodies. As the
technology of biologic therapy advances, this method may become feasible.

PDE4 antagonists

Phosphodiesterase 4 (PDE4) is an important cyclic adenosine monophosphate-
metabolizing enzyme that is up-regulated in immune and inflammatory cells [88].
Second-generation PDE4 inhibitors are under development and have been studied
for use in treating inflammatory airway diseases such as asthma and chronic
obstructive pulmonary disease (COPD). One such agent, cilomilast, has been
found to inhibit the release of some neutrophil chemoattractants (tumor necrosis
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factor «, granulocyte-macrophage colony-stimulating factor) in patients with
COPD [89]. Another PDE4 inhibitor, rolipram, has been found to enhance
glucocorticoid-receptor function in vitro [90]. Roflumilast has been shown to
have some efficacy in the treatment of allergic rhinitis [91]. A topical PDE4
inhibitor, cipamfylline, has been shown to be of some efficacy in the treatment of
atopic dermatitis [92]. Whether these agents have a role in the treatment of CU
has not been studied yet.

Summary

There have been a number of exciting developments in the treatment of
allergic diseases. For some of the allergic conditions (eg, allergic rhinitis,
asthma), several novel therapies have been developed, and other treatments are
under investigation. The development of new treatments for urticaria has lagged
behind. Although there are a number of options for the treatment of urticaria,
there is still a need to develop better agents for this disease. For patients with CU
whose disease is not controlled adequately with antihistamines, treatment options
are limited. Systemic corticosteroids are effective in many patients, but the
potential for long-term toxicity limits their use in chronic cases. Of the other
agents that have been studied, those that have shown the most therapeutic effi-
cacy can lead to side effects and potential long-term toxicity. Table 3 summa-
rizes the pharmacotherapy options for CU in the form of a step-wise algorithm.
With the ongoing development of novel agents for the treatment of allergic
diseases, perhaps new agents will be discovered that are highly effective for
the treatment of CU and safe for long-term use.

Table 3

Step-wise algorithm for the treatment of CU

Type of treatment Recommended therapy

First line H;-receptor antagonists (antihistamines)

1. Second-generation agents may be preferable for chronic or
daytime use
2. First-generation agents can be added in addition to
second-generation agents if needed
Second line H,-receptor antagonist in combination with H;-receptor antagonist
Third line . Consider increasing dose of H;-receptor antagonist
. Doxepin (for additional antihistamine effect)
. Anti-leukotriene
. COX-2 inhibitor
. If evidence of thyroid autoimmunity, consider thyroxine
. Chronic oral corticosteroids (titrated to lowest effective dose)
. Cyclosporin A
. Consider other nonstandard therapies: colchicine, dapsone,
sulfasalazine, hydroxychloroquine, IVIG, plasmapheresis,
interferon o, methotrexate, cyclophosphamide, calcium-
channel blockers, warfarin, ephedrine, terbutaline

Fourth line

W N = B W=




330 J. Sheikh / Immunol Allergy Clin N Am 24 (2004) 317-334

References

[1] Wong JT, Nagy CS, Krinzman SJ, Maclean JA, Bloch KJ. Rapid oral challenge — desensitiza-
tion for patients with aspirin-related urticaria-angioedema. J Allergy Clin Immunol 2000;105:
997-1001.

[2] Grattan CE. Aspirin sensitivity and urticaria. Clin Exp Dermatol 2003;28:123 7.

[3] Settipane RA, Constantine HP, Settipane GA. Aspirin intolerance and recurrent urticaria in
normal adults and children: epidemiology and review. Allergy 1980;35:149—54.

[4] Leznoff A, Sussman GL. Syndrome of idiopathic chronic urticaria and angioedema with thyroid
autoimmunity: a study of 90 patients. J Allergy Clin Immunol 1989;84:66—71.

[5] Leznoff A, Josse RG, Denburg J, Dolovich J. Association of chronic urticaria and angioedema
with thyroid autoimmunity. Arch Dermatol 1983;119:636—40.

[6] Rumbyrt JS, Katz JL, Schocket AL. Resolution of chronic urticaria in patients with thyroid
autoimmunity. J Allergy Clin Immunol 1995;96:901-5.

[7] Heymann WR. Chronic urticaria and angioedema associated with thyroid autoimmunity: review
and therapeutic implications. ] Am Acad Dermatol 1999;40:229—-32.

[8] Ito A, Kazama T, Ito K, Ito M. Purpura with cold urticaria in a patient with hepatitis C virus
infection-associated mixed cryoglobulinemia type III: successful treatment with interferon-beta.
J Dermatol 2003;30:321-5.

[9] Reinhold U, Bruske T, Schupp G. Paraneoplastic urticaria in a patient with ovarian carcinoma.
J Am Acad Dermatol 1996;35:988-9.

[10] Valsecchi R, Pigatto P. Chronic urticaria and Helicobacter pylori. Acta Derm Venereol (Stockh)
1998;78:440-2.

[11] Wedi B, Wagner S, Werfel T, Manns MP, Kapp A. Prevalence of Helicobacter pylori-associated
gastritis in chronic urticaria. Int Arch Allergy Immunol 1998;116:288—-94.

[12] Di Campli C, Gasbarrini A, Nucera E, Franceschi F, Ojetti V, Sanz Torre E, et al. Beneficial
effects of Helicobacter pylori eradication on idiopathic chronic urticaria. Dig Dis Sci 1998;43:
1226-9.

[13] Tebbe B, Geilen CC, Schulzke JD, Bojarski C, Radenhausen M, Orfanos CE. Helicobacter
pylori infection and chronic urticaria. J Am Acad Dermatol 1996;34:685—6.

[14] Kaplan AP, Horakova Z, Katz SI. Assessment of tissue fluid histamine levels in patients with
urticaria. J Allergy Clin Immunol 1978;61:350—4.

[15] Phanuphak P, Schocket AL, Arroyave CM, Kohler PF. Skin histamine in chronic urticaria.
J Allergy Clin Immunol 1980;65:371-5.

[16] Kalivas J, Breneman D, Tharp M, Bruce S, Bigby M. Urticaria: clinical efficacy of cetirizine
in comparison with hydroxyzine and placebo. J Allergy Clin Immunol 1990;86:1014—8.

[17] Breneman DL. Cetirizine versus hydroxyzine and placebo in chronic idiopathic urticaria. Ann
Pharmacother 1996;30:1075-9.

[18] Breneman D, Bronsky EA, Bruce S, Kalivas JT, Klein GL, Roth HL, et al. Cetirizine and
astemizole therapy for chronic idiopathic urticaria: a double-blind, placebo-controlled, compara-
tive trial. ] Am Acad Dermatol 1995;33:192-8.

[19] Harto A, Sendagorta E, Ledo A. Doxepin in the treatment of chronic urticaria. Dermatologica
1985;170:90-3.

[20] Goldsobel AB, Rohr AS, Siegel SC, Spector SL, Katz RM, Rachelefsky GS, et al. Efficacy
of doxepin in the treatment of chronic idiopathic urticaria. J Allergy Clin Immunol 1986;78:
867-73.

[21] Dubertret L, Murrieta Aguttes M, Tonet J. Efficacy and safety of mizolastine 10 mg in a placebo-
controlled comparison with loratadine in chronic idiopathic urticaria: results of the MILOR
Study. J Eur Acad Dermatol Venereol 1999;12:16—24.

[22] Dubertret L, Pecquet C, Murrieta-Aguttes M, Leynadier F. Mizolastine in primary acquired cold
urticaria. J Am Acad Dermatol 2003;48:578 —83.

[23] Egan CA, Rallis TM. Treatment of chronic urticaria with ketotifen. Arch Dermatol 1997;133:
147-9.



J. Sheikh / Immunol Allergy Clin N Am 24 (2004) 317-334 331

[24] Kamide R, Niimura M, Ueda H, Imamura S, Yamamoto S, Yoshida H, et al. Clinical evaluation
of ketotifen for chronic urticaria: multicenter double-blind comparative study with clemastine.
Ann Allergy 1989;62:322-5.

[25] McClean SP, Arreaza EE, Lett-Brown MA, Grant JA. Refractory cholinergic urticaria success-
fully treated with ketotifen. J Allergy Clin Immunol 1989;83:738—41.

[26] Huston DP, Bressler RB, Kaliner M, Sowell LK, Baylor MW. Prevention of mast-cell
degranulation by ketotifen in patients with physical urticarias. Ann Intern Med 1986;104:
507—-10.

[27] Visitsunthorn N, Tuchinda M, Vichyanond P. Cold urticaria in Thai children: comparison be-
tween cyproheptadine and ketotifen in the treatment. Asian Pac J Allergy Immunol 1995;13:
29-35.

[28] St-Pierre JP, Kobric M, Rackham A. Effect of ketotifen treatment on cold-induced urticaria.
Ann Allergy 1985;55:840-3.

[29] Monroe EW, Cohen SH, Kalbfleish J, Schultz CI. Combined H1 and H2 antihistamine therapy
in chronic urticaria. Arch Dermatol 1981;117:404—7.

[30] Harvey RP, Wegs J, Schocket AL. A controlled trial of therapy in chronic urticaria. J Allergy
Clin Immunol 1981;68:262—6.

[31] Bleehen SS, Thomas SE, Greaves MW, Newton J, Kennedy CT, Hindley F, et al. Cimetidine
and chlorpheniramine in the treatment of chronic idiopathic urticaria: a multi-centre randomized
double-blind study. Br J Dermatol 1987;117:81-8.

[32] Cook LJ, Shuster S. Lack of effect of cimetidine in chronic-idiopathic urticaria. Acta Derm
Venereol 1983;63:265-7.

[33] Simons FE, Sussman GL, Simons KJ. Effect of the H2-antagonist cimetidine on the pharmaco-
kinetics and pharmacodynamics of the Hl-antagonists hydroxyzine and cetirizine in patients
with chronic urticaria. J Allergy Clin Immunol 1995;95:685-93.

[34] Kaur S, Greaves M, Eftekhari N. Factitious urticaria (dermographism): treatment by cimeti-
dine and chlorpheniramine in a randomized double-blind study. Br J Dermatol 1981;104:
185-90.

[35] Kaplan AP. Chronic urticaria and angioedema. N Engl J Med 2002;346:175-9.

[36] Greenberger PA, Patterson R, Radin RC. Two pretreatment regimens for high-risk patients
receiving radiographic contrast media. J Allergy Clin Immunol 1984;74:540-3.

[37] Gronneberg R, Hagermark O, Strandberg K. Effect in man of oral terbutaline on cutaneous
reactions induced by allergen and cold stimulation. Allergy 1980;35:143—7.

[38] Kennes B, De Maubeuge J, Delespesse G. Treatment of chronic urticaria with a beta2-adrenergic
stimulant. Clin Allergy 1977;7:35-9.

[39] Husz S, Toth-Kasa I, Kiss M, Dobozy A. Treatment of cold urticaria. Int J Dermatol 1994;33:
210-3.

[40] Spangler DL, Vanderpool GE, Carroll MS, Tinkelman DG. Terbutaline in the treatment of
chronic urticaria. Ann Allergy 1980;45:246—7.

[41] Kaplan AP. Urticaria and angioedema. In: Middleton Jr E, Reed CE, Ellis MF, Adkinson Jr NF,
Younginger JW, Busse WW, editors. Allergy: principles and practices. St. Louis: Mosby-Year
Book; 1998. p. 1104—18.

[42] Soter NA, Lewis RA, Corey EJ, Austen KF. Local effects of synthetic leukotrienes (LTC4,
LTD4, LTE4, and LTB4) in human skin. J Invest Dermatol 1983;80:115-9.

[43] Maxwell DL, Atkinson BA, Spur BW, Lessof MH, Lee TH. Skin responses to intradermal
histamine and leukotrienes C4, D4, and E4 in patients with chronic idiopathic urticaria and in
normal subjects. J Allergy Clin Immunol 1990;86:759 —65.

[44] Wedi B, Novacovic V, Koerner M, Kapp A. Chronic urticaria serum induces histamine release,
leukotriene production, and basophil CD63 surface expression- inhibitory effects of anti-inflam-
matory drugs. J Allergy Clin Immunol 2000;105:552—60.

[45] Simons FE, Johnston L, Gu X, Simons KJ. Suppression of the early and late cutaneous aller-
gic responses using fexofenadine and montelukast. Ann Allergy Asthma Immunol 2001;86:
44-50.



332 J. Sheikh / Immunol Allergy Clin N Am 24 (2004) 317-334

[46] Nettis E, Dambra P, D’Oronzio L, Loria MP, Ferrannini A, Tursi A. Comparison of montelukast
and fexofenadine for chronic idiopathic urticaria. Arch Dermatol 2001;137:99—100.

[47] Ellis MH. Successful treatment of chronic urticaria with leukotriene antagonists. J Allergy Clin
Immunol 1998;102:876—7.

[48] Spector SL, Tan RA. Antileukotrienes in chronic urticaria. J Allergy Clin Immunol 1998;101:572.

[49] Asero R. Leukotriene receptor antagonists may prevent NSAID-induced exacerbations in
patients with chronic urticaria. Ann Allergy Asthma Immunol 2000;85:156—7.

[50] Asero R, Tedeschi A, Lorini M. Leukotriene receptor antagonists in chronic urticaria. Allergy
2001;56:456—7.

[51] Bensch G, Borish L. Leukotriene modifiers in chronic urticaria. Ann Allergy Asthma Immunol
1999;83:348.

[52] Nettis E, Pannofino A, Cavallo E, Ferrannini A, Tursi A. Efficacy of montelukast, in combina-
tion with loratadine, in the treatment of delayed pressure urticaria. J Allergy Clin Immunol 2003;
112:212-3.

[53] Reimers A, Pichler C, Helbling A, Pichler WJ, Yawalkar N. Zafirlukast has no beneficial effects
in the treatment of chronic urticaria. Clin Exp Allergy 2002;32:1763 8.

[54] Erbagci Z. The leukotriene receptor antagonist montelukast in the treatment of chronic idiopathic
urticaria: a single-blind, placebo-controlled, crossover clinical study. J Allergy Clin Immunol
2002;110:484-8.

[55] Goldberg A, Shapiro M, Hammel I, Mekori YA. Cutaneous responses to histamine, compound
48/80 and codeine in patients with hyperthyroidism. Ann Allergy 1990;64:179—-81.

[56] Millns JL, Randle HW, Solley GO, Dicken CH. The therapeutic response of urticarial vasculitis
to indomethacin. J] Am Acad Dermatol 1980;3:349-55.

[57] Cowburn AS, Sladek K, Soja J, Adamek L, Nizankowska E, Szczeklik A, et al. Overexpression
of leukotriene C4 synthase in bronchial biopsies from patients with aspirin-intolerant asthma.
J Clin Invest 1998;101:834—46.

[58] Quiralte J, Saenz de San Pedro B, Florido JJ. Safety of selective cyclooxygenase- 2 inhibitor
rofecoxib in patients with NSAID-induced cutaneous reactions. Ann Allergy Asthma Immunol
2002;89:63 6.

[59] Pacor ML, Di Lorenzo G, Biasi D, Barbagallo M, Corrocher R. Safety of rofecoxib in subjects
with a history of adverse cutaneous reactions to aspirin and/or non-steroidal anti-inflammatory
drugs. Clin Exp Allergy 2002;32:397—400.

[60] Nettis E, Di PR, Ferrannini A, Tursi A. Tolerability of rofecoxib in patients with cutaneous
adverse reactions to nonsteroidal anti-inflammatory drugs. Ann Allergy Asthma Immunol 2002;
88:331-4.

[61] Sanchez Borges M, Capriles-Hulett A, Caballero-Fonseca F, Perez CR. Tolerability to new
COX-2 inhibitors in NSAID-sensitive patients with cutaneous reactions. Ann Allergy Asthma
Immunol 2001;87:201—4.

[62] Anand MK, Nelson HS, Dreskin SC. A possible role for cyclooxygenase 2 inhibitors in the
treatment of chronic urticaria. J Allergy Clin Immunol 2003;111:1133-6.

[63] Boehncke WH, Ludwig RJ, Zollner TM, Ochsendorf F, Kaufmann R, Gibbs BF. The selective
cyclooxygenase-2 inhibitor rofecoxib may improve the treatment of chronic idiopathic urticaria.
Br J Dermatol 2003;148:604—6.

[64] Bressler RB, Sowell K, Huston DP. Therapy of chronic idiopathic urticaria with nifedipine:
demonstration of beneficial effect in a double-blind, placebo-controlled, cross-over trial. J Al-
lergy Clin Immunol 1989;83:756—63.

[65] Parslew R, Pryce D, Ashworth J, Friedmann PS. Warfarin treatment of chronic idiopathic
urticaria and angioedema. Clin Exp Allergy 2000;30:1161-5.

[66] Fradin MS, Ellis CN, Goldfarb MT, Voorhees JJ. Oral cyclosporine for severe chronic idiopathic
urticaria and angioedema. J] Am Acad Dermatol 1991;25:1065—7.

[67] Toubi E, Blant A, Kessel A, Golan TD. Low-dose cyclosporine: a in the treatment of severe
chronic idiopathic urticaria. Allergy 1997;52:312—6.

[68] Grattan CE, O’Donnell BF, Francis DM, Niimi N, Barlow RJ, Seed PT, et al. Randomized



J. Sheikh / Immunol Allergy Clin N Am 24 (2004) 317-334 333

double-blind study of cyclosporin in chronic ‘idiopathic’ urticaria. Br J Dermatol 2000;143:
365-72.

[69] Grattan CE, Francis DM, Slater NG, Barlow RJ, Greaves MW. Plasmapheresis for severe
unremitting, chronic urticaria. Lancet 1992;339:1078 —80.

[70] Leenutaphong V, Holzle E, Plewig G, Kutkuhn B, Grabensee B. Plasmapheresis in solar urti-
caria. Dermatologica 1991;182:35-8.

[71] O’Donnell BF, Barr RM, Black AK, Francis DM, Kermani F, Niimi N, et al. Intravenous
immunoglobulin in autoimmune chronic urticaria. Br J Dermatol 1998;138:101—6.

[72] Wemi R, Schwartz T, Gschnait F. Colchicine treatment of urticarial vasculitis. Dermatologica
1986;172:36—40.

[73] Asherson RA, Buchanan N, Kenwright S, Fletcher CM, Hughes GR. The normocomplemente-
mic urticarial vasculitis syndrome—report of a case and response to colchicine. Clin Exp Der-
matol 1991;16:424-7.

[74] Ruzicka T, Goerz G. Systemic lupus erythematosus and vasculitic urticaria: effect of dapsone
and complement levels. Dermatologica 1981;162:203-5.

[75] Muramatsu C, Tanabe E. Urticarial vasculitis: response to dapsone and colchicine. ] Am Acad
Dermatol 1985;13:1055.

[76] Fortson JS, Zone JJ, Hammond ME, Groggel GC. Hypocomplementemic urticarial vasculitis
syndrome responsive to dapsone. ] Am Acad Dermatol 1986;15:1137—42.

[77] Holtman JH, Neustadt DH, Klein J, Callen JP. Dapsone is an effective therapy for the skin
lesions of subacute cutaneous lupus erythematosus and urticarial vasculitis in a patient with
C2 deficiency. J Rheumatol 1990;17:1222-5.

[78] Eiser AR, Singh P, Shanies HM. Sustained dapsone-induced remission of hypocomplementemic
urticarial vasculitis—a case report. Angiology 1997;48:1019-22.

[79] Nishijima C, Hatta N, Inaoki M, Sakai H, Takehara K. Urticarial vasculitis in systemic lupus
erythematosus: fair response to prednisolone/dapsone and persistent hypocomplementemia.
Eur J Dermatol 1999;9:54 6.

[80] Cadnapaphornchai MA, Saulsbury FT, Norwood VF. Hypocomplementemic urticarial vasculitis:
report of a pediatric case. Pediatr Nephrol 2000;14:328—-31.

[81] Engler RJ, Squire E, Benson P. Chronic sulfasalazine therapy in the treatment of delayed
pressure urticaria and angioedema. Ann Allergy Asthma Immunol 1995;74:155-9.

[82] Lopez LR, Davis KC, Kohler PF, Schocket AL. The hypocomplementemic urticarial-vascu-
litis syndrome: therapeutic response to hydroxychloroquine. J Allergy Clin Immunol 1984;73:
600-3.

[83] Ochonisky S, Intrator L, Wechsler J, Revuz J, Bagot M. Acquired C1 inhibitor deficiency
revealing systemic lupus erythematosus. Dermatology 1993;186:261—3.

[84] Gach JE, Sabroe RA, Greaves MW, Black AK. Methotrexate-responsive chronic idiopathic
urticaria: a report of two cases. Br J Dermatol 2001;145:340—3.

[85] Bernstein JA, Garramone SM, Lower EG. Successful treatment of autoimmune chronic idio-
pathic urticaria with intravenous cyclophosphamide. Ann Allergy Asthma Immunol 2002;89:
212-4.

[86] Matteson EL. Interferon alpha 2a therapy for urticarial vasculitis with angioedema apparently
following hepatitis A infection. J Rheumatol 1996;23:382—4.

[87] MacGlashan Jr DW, Bochner BS, Adelman DC, Jardieu PM, Togias A, McKenzie-White J, et al.
Down-regulation of Fc(epsilon)RI expression on human basophils during in vivo treatment
of atopic patients with anti-IgE antibody. J Immunol 1997;158:1438—-45.

[88] Sturton G, Fitzgerald M. Phosphodiesterase 4 inhibitors for the treatment of COPD. Chest 2002;
121:192S-6S.

[89] Profita M, Chiappara G, Mirabella F, Di Giorgi R, Chimenti L, Costanzo G, et al. Effect of
cilomilast (Ariflo) on TNF-alpha, IL-8, and GM-CSF release by airway cells of patients with
COPD. Thorax 2003;58:573-9.

[90] Miller AH, Vogt GJ, Pearce BD. The phosphodiesterase type 4 inhibitor, rolipram, enhances
glucocorticoid receptor function. Neuropsychopharmacology 2002;27:939 —48.



334 J. Sheikh / Immunol Allergy Clin N Am 24 (2004) 317-334

[91] Schmidt BM, Kusma M, Feuring M, Timmer WE, Neuhauser M, Bethke T, et al. The phospho-
diesterase 4 inhibitor roflumilast is effective in the treatment of allergic rhinitis. J Allergy Clin
Immunol 2001;108:530—-6.

[92] Griffiths CE, Van Leent EJ, Gilbert M, Traulsen J. Randomized comparison of the type 4
phosphodiesterase inhibitor cipamfylline cream, cream vehicle and hydrocortisone 17-butyrate
cream for the treatment of atopic dermatitis. Br J Dermatol 2002;147:299—-307.



	Advances in the treatment of chronic urticaria
	Avoidance measures
	Treatment of underlying diseases
	Pharmacotherapy
	H1 antagonists
	H2 antagonists
	Corticosteroids
	Adrenergic agents
	Antileukotriene agents
	Thyroxine
	Cyclooxygenase 2 inhibitors
	Calcium-channel blockers
	Warfarin
	Other immunomodulatory and anti-inflammatory agents
	Cyclosporine
	Plasmapheresis
	Intravenous immunoglobulin
	Colchicine
	Dapsone
	Sulfasalazine
	Hydroxychloroquine
	Methotrexate
	Cyclophosphamide
	Interferon alpha

	Future directions and possibilities
	Anti-IgE monoclonal antibodies
	Specific targeting of autoantibodies to the IgE receptor
	PDE4 antagonists


	Summary
	References


