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associated with hereditary angioedema attacks
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ABSTRACT

Hereditary angioedema (HAE) types I and 1I are autosomal dominant conditions characterized by recurrent attacks of edema
formation in the subcutaneous tissue of the body or walls of the upper respiratory or gastrointestinal tract. Frequently,
prodromal symptoms occur before an HAE attack. If certain prodromal symptoms were determined to be both sensitive and
specific in predicting an acute HAE attack, treatment at the time of the prodrome could prevent development of an attack and
decrease morbidity and mortality associated with HAE. The goal is to determine the frequency and timing of prodromal
symptoms occurring before HAE attacks. After Institutional Review Board approval, a four-page survey was produced, using
a focus group of patients with HAE and was assessed by HAE patients and physicians with expertise in HAE for cognitive
reliability. Once devised, the questionnaire was sent to 158 HAE patients. The survey focused on questions related to prodromal
symptoms that patients developed before their last HAE attack. Forty-six patients returned the survey and 40 (87.0%) reported
the presence of prodromal symptoms before their last HAE attack. Forty-four of 46 (95.7%) reported having had prodromal
symptoms before HAE attacks in the past. The most commonly reported prodromal symptoms included unusual fatigue, rash,
and muscle aches. Prodromes occur frequently before HAE attacks. This high frequiency suggests that prodromal symptoms
could be a reliable indication to begin treatment to prevent an acute HAE attack, thus decreasing the anxiety associated with

having an HAE attack.

(Allergy Asthma Proc 30:506-511, 2009; doi: 10.2500/aap.2009.30.3279)
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ereditary angioedema (HAE) is an autosomal
dominant condition caused by a quantitative or
qualitative deficiency of Cl-esterase inhibitor (C1-
INH). C1-INH is the main regulator of the early steps
of the classic complement pathway. Without C1-INH,
uncontrolled  activation of the classic pathway of the
complement system can occur, along with the activa-
tion of other inflammatory mediators. In addition to
the suppressive effect .on the complement pathway,
C1-INH also inhibits the kallikrein-kinin system, bra-
dykinin activation, lectin pathway, plasmin, and fac-
tors 11a and 12a of the coagulation pathway. Presently,
the unregulated activation of bradykinin is thought to
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cause the changes we call angioedema.' Angioedema
can either occur spontaneously or after a traumatic or
stressful event, which leads to edema formation. The
condition is characterized by acute episodes of sudden
edema formation in the skin or in the walls of the
upper respiratory tract or gastrointestinal tract. Cases
of laryngeal edema can rapidly become life-threaten-
ing. Cases of gastrointestinal edema have been misdi-
agnosed and have led to unnecessary surgeries.” The
clinical course, triggers, and frequency of attacks can
be difficult to predict. The approach to treatment has
two main goals: one is to prevent acute attacks of HAE
from developing, and the other is to rapidly terminate
acute angioedema attacks if they do occur.

The current treatment options for acute attacks in the
United States are limited, but several therapies are
likely to be approved in the near future. Two compa-
nies are currently producing C1-INH purified from
human plasma concentrate. CSL Behring (King of
Prussia, PA) is producing Berinert P, which has been
available in Europe for many years,” and Viropharma
(Exton, PA) is producing Cinryze.* Both medications
have undergone clinical trials and are currently being
evaluated for approval by the Food and Drug Admin-
istration. In addition to these therapies, several other
therapies are being studied including recombinant C1-
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INH (Rhucin, Pharming, The Netherlands),” Kallikrein
inhibitor (Ecallantide, Dyax, Cambridge, MA),! and a
bradykinin-2 receptor antagonist (Icatibant, Shire, Ger-
many).® All of the aforementioned products have been
shown to be effective in the treatment of acute HAE
attacks, and plasma-derived C1-INH products have
also been shown to be effective at preventing acute
HAE attacks if given at regular intervals once to twice
weekly.”?

Several authors have described prodromal symp-
toms that patients with HAE develop minutes to hours
before developing an acute angioedema episode. Many
of them have described erythematous rashes before the
development of edema. These rashes have presented as
erythema,” erythematous welts,'” and erythema mar-
ginatum-like rashes.'''? Some of these rashes origi-
nated at the site of subsequent angioedema formation,
but others did not. In addition, prodromal paresthe-
sias, tingling, or stinging have also been described."
Fatigue and malaise have been described.'* Other case
reports documented gastrointestinal symptoms includ-
ing nausea, vomiting, or abdominal distention before
the onset of an HAE attack.”” One group surveyed
patients with HAE and found that 21 of 21 surveyed
said that they did have prodromal symptoms before
HAE attacks some of the time and 5 of 21 reported
having prodromal symptoms before all HAE attacks. '
As mentioned previously, plasma-derived C1-INH, re-
combinant CI1-INH, Ecallantide, and Icatibant have
been given for the treatment of acute attacks. If there
was better understanding of the timing and frequency
of prodromal symptoms and their relationship to acute
attacks, perhaps a better option for some patients could
be the administration of therapy at the onset of pro-
dromal symptoms before acute symptoms develop.
Our goal is to gather information regarding the fre-
quency, type, and timing of prodromal HAE symp-
toms to further evaluate if treating HAE patients based
on specific prodromes would be an appropriate indi-
cation.

METHODS

After Institutional Review Board approval, a four-
page survey was produced using a focus group of five
patients with HAE and was assessed by three patients
with HAE and three physicians with expertise in HAE
for cognitive reliability. Once devised, the question-
naire was sent to 158 HAE patients. The survey asked
patients to identify the location of their most recent and
most frequent acute HAE attacks. Subjects indicated
the location by circling one of the following: abdomen,
face, hands/feet, larynx (throat), or other. The survey
also questioned the presence of several prodromal
symptoms before their last HAE attack and whether
they experienced those prodromal symptoms never,
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before some, before most, or before all HAE attacks in
the past. The patients were also asked to describe their
prodromal symptoms with a choice of circling one or
more of the following: headache; upset stomach or
nausea; abdominal cramps; numbness or tingling in
the hands; numbness or tingling in the toes or feet;
numbness or tingling over the areas of the upcoming
attack; joint pain; muscle aches; rash on the arms or
legs; rash on the face; rash on the back, arms, or stom-
ach; unusual fatigue; or other. Subjects were also ques-
tioned on the number of hours between the onset of
prodromal symptoms and the onset of an attack—
considering both their last HAE attack and the most
common timing before all HAE attacks. The subjects
were given choices of the following: more than 48
hours, 36—-48 hours, 12-24 hours, <12 hours, no signs
or symptoms before the attack, or do not recall. The last
question asked the frequency that patients were able to
predict their attacks based on prodromal symptoms in
the past with the following choices: unable to predict
an upcoming attack, able to predict 25% of the time,
able to predict 50% of the time, able to predict 75% of
the time, or able to predict 100% of the time. The
answers of the anonymously returned questionnaires
were then reviewed by our group to determine the
frequency, location, and timing of prodromal symp-
toms.

RESULTS

Forty-six patients returned the survey. Forty of 46
patients (87.0%) reported having had a prodromal
symptom before their last HAE attack, and 44 of 46
patients (95.7%) reported having had some prodromal
symptoms before HAE attacks in the past. Figure 1
illustrates the prodromal symptoms patients reported
before their last HAE attack. The most common pro-
drome reported was unusual fatigue. In the study, 29
of 46 (63.0%) patients reported having unusual fatigue
before their last HAE attack, and 26 of 46 (56.5%)
patients reported unusual fatigue before most or all of
their previous HAE attacks. Only 5 of 46 (10.9%) pa-
tients reported never having unusual fatigue before an
HAE attack.

Another common prodromal symptom was a rash.
Twenty-two of 46 (47.8%) patients reported a rash on
their arms or legs, and 15 of 46 (32.6%) patients re-
ported a rash on their back, sides, or stomach before
their last HAE attack. In addition, 15 of 46 (32.6%)
patients reported a rash on the arms or legs and 15 of
46 (32.6%) patients reported a rash on their back, sides,
and stomach before most or all of their HAE attacks.
Muscle aching was also a common prodromal symp-
tom reported in 20 of 46 (43.5%) patients before their
last HAE attack, and this occurred in 12 of 46 (26.1%)
patients before most or all of their previous HAE at-
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Figure 1. Prodromal symptoms that patients reported before their last hereditary angioedema attack.
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Figure 2. The time between the onset of patient’s prodromal symp-
toms and their last hereditary angioedema attack.

tacks. Other common prodromal symptoms before
HAE attacks included upset stomach, nausea, and ab-
dominal cramps.

Figure 2 shows the timing of prodromes before pa-
tients’ last HAE attacks. The results indicate that 4 of 46
patients (8.7%) did not have a prodrome and 2 of 46
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(4.3%) did not remember the timing. Among patients
that remembered the prodromal timing before their
last HAE attack, 20 of 40 (50.0%) reported a prodrome
starting within 12 hours of their HAE attack, and the
other 20 of 40 (50.0%) reported that the prodrome
started >12 hours before their acute HAE attack.

Figure 3 shows the average timing of prodromes
before the development of HAE symptoms. Only 1 of
46 (2.2%) reported not having prodromal symptoms
before any HAE attacks, and 1 of 46 (2.2%) did not
recall. Among the patients that remembered the timing
of past prodromes, 20 of 44 (45.5%) patients reported
that the average time of the onset of a prodrome was
<24 hours before an HAE attack. Meanwhile, 24 of 44
(54.5%) patients reported that, on average, the onset of
prodromal symptoms developed >24 hours before
HAE symptoms initiate.

Figure 4 shows the results when patients were asked
what percent of the time they were able to predict an
HAE attack based on prodromal symptoms. Our re-
sults indicate that 3 (6.5%) patients could predict the
onset of symptoms 100% of the time; 23 (50.0%) pa-
tients answered the ability to predict acute attacks 75%
of the time; 4 (8.7%) patients answered 50% of time;
and 12 (26.1%) patients answered 25% of the time.
Only 4 (8.7%) patients reported not being able to pre-
dict the onset of HAE attacks.
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Figure 3. Average time patients reported between the onset of
prodromal symptoms and the onset of an acute hereditary angio-
edema attack.

100% of attacks Unable to Predict
6.5% 8.7%

25% of attacks
26.1%
75% of attacks

50.0%

50% of attacks

8.7%
Figure 4. The percentage of time that patients report being able to
predict an acute hereditary angioedema attack based on prodromal
symptoms.

The locations of patients” last HAE attack is dis-
played in Fig. 5. The most frequent acute attack loca-
tions reported by patients are shown in Fig. 6, and the
most common location for an acute HAE attack was the
abdomen. It was reported that 26 (56.5%) patients ex-
perienced their last attack as abdominal colic, and 29
(63.0%) subjects reported that the most common site
for an attack was the abdomen. The hands and feet
were the second most common site with 20 (43.5%)
patients reporting this as their last attack and 19
(41.3%) patients reporting this as their most frequent
attack. The larynx or throat was the least frequent site
of acute attacks. Only 1 of 46 (2.2%) patients reported
that their last attack was manifested as laryngeal
edema, and 4 of 46 (8.7%) patients reported that their
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most frequent location of an acute HAE attacks was the
larynx or throat.

DISCUSSION

Our data suggest that prodromal symptoms occur
commonly before acute HAE attacks with 87.0% of
patients having had a prodrome before their last HAE
attack, and 95.7% of patients reported having had a
prodromal symptom before at least one acute attack in
the past. Those with prodromal symptoms may have
been more likely to return the survey, so our percent-
ages could be high due to selection bias. On the other
hand, because this is retrospective one would think
that recall bias would lower the reported frequency. To
reduce recall bias, a concern with all retrospective
studies, we requested information on the last HAE
attack separately from other attacks. The most common
prodromes reported are similar to the prodromes
found in the literature including extreme fatigue, rash,
muscle aches, and nausea or abdominal pain. Al-
though this study is retrospective, it does show strong
evidence that prodromal symptoms are a very fre-
quently reported phenomenon among patients with
HAE.

As stated earlier, the most intriguing aspect of this
topic is to determine if prodromes could be used as a
treatment indication. The use of C1-INH in studies has
evaluated the use for acute attacks, and the use of
scheduled C1-INH infusions, which is given weekly or
semiweekly, to prevent acute HAE attacks. Preventa-
tive treatment is appealing because patients should
experience much fewer and less severe attacks if they
do get regular C1-INH infusions. However, the time
and cost of those infusions is a potential drawback. If
patients are only treated when the attacks occur, this
can be life-threatening if they do not receive immediate
attention. If prodromal symptoms were determined to
be both sensitive and specific, perhaps another treat-
ment option would be to use prodromes associated
with HAE as an indication for treatment. This does
seem promising, given the fact that over one-half of the
patients surveyed reported being able to predict an
HAE attack based on prodromal symptoms at least
75% of the time. The other benefit of this treatment
option is that HAE attacks would likely be more re-
sponsive to treatment if treated early or before the
attack ever develops. Bork et al. showed that acute
attacks treated with C1-INH within 2 hours of the
onset of HAE symptoms resolved more quickly than
HAE attacks that were treated after 2 hours of onset."”
If patients were treated based on prodromal symp-
toms, it possibly would have the benefit of preventing
most HAE attacks and patients would not be burdened
with the time and financial burden of once weekly or
semiweekly infusions. Also, one-half of the patients
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Figure 5. Reported location of patient’s last hereditary angioedema attack.
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Figure 6. Locations that patients reported as their most frequent hereditary angioedema attack.

reported the onset of prodromal symptoms >12 hours
before the onset of an HAE attack. This suggests that
patients would often have ample time to get treatment
before the onset of an acute attack. For this reason it
does appear to be a practical treatment option because
many patients claim to be able to predict attacks effec-
tively, attacks treated earlier have been shown to be
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more efficacious, and the early timing of prodromal
symptoms would allow patients time to get treatment
before the development of other symptoms.

Before prodromal symptoms become an indication
for treatment, more data would need to be gathered
regarding the sensitivity and specificity of prodromal
symptoms. From our data, it does appear that prodro-
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mal symptoms would be a sensitive measure to predict
the onset of an HAE attack; however, specificity can
not be inferred from this study. To assess specificity, a
prospective study would need to be performed. Pa-
tients would need to document every time they had a
particular prodromal symptom and every time that
they developed an HAE attack. Another study option
would be a double-blind placebo-controlled trial
where patients were treated with a placebo or C1-INH
for prodromal symptoms to determine if there is a
reduction in the frequency and severity of attacks with
treatment.

CONCLUSION

Prodromal symptoms appear to be very frequent oc-
currences before the onset of an HAE attack. Results
indicate that 87.0% of patients experienced symptoms
before their last HAE attack, 95.7% have experienced
prodromes before attacks in the past, and 56.5% reported
being able to predict an HAE attack based on prodromal
symptoms at least 75% of the time. Common prodromal
symptoms include unusual fatigue, rash, muscle aches;
abdominal pain, and upset stomach or nausea.

The importance of these data are that androgens
have multiple associated adverse events. and fre-
quently patients are unwilling to use them prophylac-
tically.'” C1-INH is now available, but the Food and
Drug Administration approved for prophylaxis only
and not for acute attacks.'®*° Obviously, not all pa-
tients meet criteria for C1-INH prophylaxis. The alter-
native is to wait for symptoms and signs of an acute
attack to develop; however, morbidity and mortality
are a risk with this scenario. To avoid these conse-
quences, treating at the onset of prodromes may be a
cost-effective, reasonable approach for many patients
with HAE.
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