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Abstract:

Objective The present study was designed to identify the clinical characteristics that permit the differential
diagnosis of hereditary angioedema (HAE) and mast cell-mediated angioedema (Mast-AE) during the first
consultation.

Methods The medical histories and laboratory data of 46 patients with HAE and 41 patients with Mast-AE
were compared.

Results The average age of onset in the HAE group (19.8+9.0 years) was significantly lower than that in
the Mast-AE group (35.2+12.0 years). The incidence of familial angioedema (AE) in the HAE group (73.9%)
was significantly higher than that in the Mast-AE group (9.7%). The frequency of history of AE in the ex-
tremities, larynx, or gastrointestinal tract was significantly higher in the HAE group. The frequency of AE
episodes of the lips and eyelids was significantly lower in the HAE group. The serum C4 concentration and
CHS50 titer were lower than the normal limit in 91.3% and 45.6% of the patients in the HAE group, respec-
tively; in Mast-AE group the serum C4 concentration and CHS50 titer were significantly lower than the nor-
mal limit in 4.8% and 0% of the patients, the difference between the two groups was statistically significant.
A Cl-inhibitor (C1-INH) activity level of <50% was observed in all of the HAE patients, but none of the
Mast-AE patients. The mean serum IgE titer in the HAE group (120.8+130.5 IU/mL) was significantly lower
than that in the Mast-AE group (262.2+314.9 IU/mL).

Conclusion The parameters within the patients’ medical histories, such as the age at the onset of AE, a
family history of AE, and the locations of past AE episodes are critical for the successful diagnosis of the
disease. Measurements of the C4 and C1-INH activity are very useful for differential diagnosis of HAE from
Mast-AE.

Key words: hereditary angioedema, C1-inhibitor, C4, IgE, mast cell

(Intern Med 57: 319-324, 2018)
(DOI: 10.2169/internalmedicine.8624-16)

life-threatening disease that results from mutations of the

Introduction gene encoding Cl-inhibitor (C1-INH). The excessive local

formation of bradykinin due to the pathological activation of

Hereditary angioedema (HAE) is a rare and potentially the factor XII-driven plasma contact system is consistently
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found in patients with acute episodes of HAE (1, 2). Be-
cause plasma-derived CI1-INH concentrate is available for
the first-line treatment of acute HAE attacks, an early diag-
nosis and prompt treatment are the keys to the best manage-
ment and have improved patient outcomes. However, Euro-
pean reports indicate a delay between the onset of symptom
and the diagnosis, with a mean diagnostic delay of almost
10-15 years (3-6). Our previous Japanese survey also con-
firmed that the time to the diagnosis (more than 13 years in
some cases) was unacceptably long (7). These findings
clearly highlight the urgent need for increasing awareness of
the clinical symptoms of HAE and for educational cam-
paigns aimed at medical staff in Japan.

Urticaria is a common disorder, which occurs in 20% of
individuals at some point during their lives (8). Mast cells
play a crucial role in urticaria, and in many cases of angioe-
dema (AE). Mast cell degranulation elicits the release of
various mediators,
prostaglandins. The majority of mast cell-mediated AE
(Mast-AE) is controlled with the use of anti-histamines or
corticosteroids. From the perspective of primary care, ap-
proximately 40% of patients with urticaria experience
AE (8). On the other hand, 10% of patients have recurrent
AE, which is associated with mild urticaria (or the absence
of urticaria) (9). Routine laboratory screening tests, inde-

such as histamine, leukotrienes and

pendent of the patient’s history and physical examination re-
sults should be discouraged, since they are of little value in
discovering the trigger for Mast-AE reactions (10, 11). Since
the true number of patients with Mast-AE might greatly ex-
ceed the number of HAE patients, it is crucial to make an
accurate differential diagnosis. With this in mind, we aimed
to clarify the clinical differences between HAE and Mast-
AE.

Materials and Methods

Forty-six (M:F=16:30) HAE patients and 41 (M:F=14:27)
Mast-AE patients who were treated at clinics specialized in
HAE care at Juntendo University Hospital (Tokyo, Japan)
and Saiyu Soka Hospital (Saitama, Japan), were enrolled.
All of the patients had confirmed AE. The patients also had
introduction letters from their general physicians or photo-
graphs of their own AE site(s).

HAE was diagnosed according to the diagnostic criteria
described by Agostoni et al. (12) in addition to the Japanese
guidelines published in 2010 (13). Within these guidelines,
the major clinical criteria are: 1) self-limiting,
inflammatory subcutaneous AE without major urticarial rash,
often recurrent and often lasting for more than 12 hours, 2)
self-remitting abdominal pain without a clear organic etiol-
ogy, often recurrent and often lasting for more than 6 hours,
and 3) recurrent laryngeal edema. The minor clinical criteria

non-

are a family history of recurrent AE and/or abdominal pain
and/or laryngeal edema. The laboratory criteria include: 1)
two separate recordings of Cl1 inhibitor antigenic levels of
<50% the normal range in asymptomatic patients of 12

months of age or older who had not recently received a Cl1-
INH infusion, 2) two separate recordings of the C1 inhibitor
functional levels of <50% the normal range in asymptomatic
patients of 12 months of age or older who had not recently
received C1-INH infusion, and 3) a mutation in the CI1 in-
hibitor gene affecting the synthesis and/or function of pro-
tein. Using this approach, HAE was diagnosed if there was
evidence of one major (points 1-3 above) clinical criterion
and one laboratory criterion. AE patients, with the exception
of patients with HAE, drug-induced AE and AE with auto-
immune disease, were enrolled as Mast-AE patients. We
paid special attention to the past symptoms of acute or
chronic urticaria, prodromal erythema marginatum, the ef-
fectiveness of anti-histamine drugs and/or corticosteroids,
estrogen-induced AE and menstruation-related AE (2, 9, 11).

All of the historical physical locations of AE occurrences
were recorded for each patient. Blood samples were ob-
tained from the patients at the first consultation for a diag-
nosis of AE to be made under normal conditions (no swel-
ling and no medication). The following laboratory data were
collected: white blood cells (WBC), eosinophils (Eo), red
blood cells (RBC), hemoglobin (Hb), hematocrit (Htc), se-
rum creatinine (Cr), total protein (TP), albumin (Alb), im-
munoglobulin (Ig) G, IgM, IgA, and IgE, C3, C4, total
hemolytic complement activity (CH50) and C-reactive pro-
tein (CRP) were collected. For the differential diagnosis, the
serum concentration of immune complex (IC) (determined
using a Clg-binding assay), Clq and cryoglobulin were
evaluated, and a genetic analysis of C1-INH was performed
in some patients with low functional levels of C1-INH and
with no family history of AE. The functional levels of CI1-
INH were determined using a chromogenic assay (Sysmex,
Kobe, Japan). For the differentiation of autoimmune disease,
the serum anti-nuclear antibody (ANA) levels were meas-
ured. The study was conducted in accordance with the Dec-
laration of Helsinki (1995) and was approved by the Institu-
tional Review Board at Juntendo University and Saiyu Soka
Hospital. Written informed consent was obtained from all of
the participating patients.

The GraphPad Prism 5 for Windows software program
(version 5.04; GraphPad, San Diego, USA) was used for the
statistical analysis. Two-sided p values of <0.05 were con-
sidered to indicate statistical significance. Comparisons be-
tween two groups was performed using the Mann-Whitney
U test. The relationship between categorical variables was
analyzed using Fisher’s exact test. All of the data were ex-
pressed as the mean+standard deviation (SD).

Results

The average age of onset in the HAE group (19.8+9.0
years) was significantly lower than that in the Mast-AE
group (35.2+12.0 years) (Table 1). Although the effective-
ness of anti-histamine drugs and corticosteroids in treating
AE attacks was high in the Mast-AE group, these drugs
were also effective in a few HAE patients. We found the
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Table 1. Clinical Background.
HAE Mast-AE p
n 46 41
Male:Female 16:30 14:27 ns**
Age 41.7£13.3 40.6+12.7 ns*
Angioedema
Age of onset 19.8+9.0 35.2+12.0 p<0.01%*
Predromal erthema marginatum (yes:no) 5:41 0:41 ns**
Effectiveness of anti-histamin drugs (yes/no) 3/16 28/2  p<0.01**
Effectiveness of corticosteroids (yes/no) 4/11 10/1  p<0.01%**
Estrogen induced (if female) (yes/no) 4/26 0/27 ns**
Menstruation-related (if female) (yes/no) 3/27 0/27 ns**
Other medical histories
Acute or chronic urticaria (yes:no) 9:37 27:14  p<0.01%**
Atopic dermatitis (yes:no) 4:42 2:39 ns**
Bronchial asthma (yes:no) 1:45 9:32  p<0.01%*
Pollinosis (yes:no) 9:37 8:33 ns**
Family history of AE (yes:no) 34:12 4:37 p<0.01%*

*Mann-Whitney’s U test
**Fisher’s exact test

ns: not significant

Table 2. The Number of Patients Having Former Subcutaneous Angioedema.

Extremities Face Lip Eyelids  Buttocks  Genital
HAE, n (%) 37 (80.4) 18(39.1) 13(28.2) 3(6.5) 5(10.8) 5(10.8)
Mast-AE, n (%) 4(9.7) 8(19.5) 23(56.0) 17(41.4) 1(2.4) 0(0.0)
p <0.01 ns <0.01 <0.01 ns ns

Fisher’s exact test

ns: not significant

characteristic information about estrogen-induced AE and
menstruation-related AE in female HAE patients but there
were no statistically significant differences between the
HAE and Mast-AE groups. The patients other allergic his-
tory (i.e., acute or chronic urticaria and bronchial asthma)
were found significantly more frequently in the Mast-AE
group. A family history of AE was noted in 73.9% of the
patients in the HAE group; the frequency was significantly
higher than that in the Mast-AE group (9.7%).

For the analysis of the patients with former AE, the pa-
tient population was divided into two parts, patients with
subcutaneous AE (Table 2) and patients with submucosal
AE (Table 3). Among the subcutaneous cases, AE episodes
were observed at the extremities (Fig. la) significantly more
frequently in the HAE group (80.4%) in comparison to the
Mast-AE group (9.7%). AE episodes involving the lips and
eyelids were observed significantly less frequently in the
HAE group (28.2%, 6.5%) than in the Mast-AE group
(56.0%, 41.4%). Genital AE was only observed in the HAE
group (5 cases); however, the difference between the groups
was not statistically significant. With respect to submucosal

AE, the incidence of laryngeal AE episodes in the HAE
group (39.1%) was significantly higher than that in the
Mast-AE group (17.0%). Cases of upper air way obstruction
(choking) were exclusively observed in the HAE group (6
cases). Three of the six cases had experienced suffocation
and required emergency tracheotomy. The frequency of ab-
dominal pain derived from gastrointestinal AE (Fig. 1b) was
significantly higher in the HAE group (56.5%) than in the
Mast-AE group (12.1%).

There were no significant differences in the WBC, Eo,
RBC, Hb, Htc, Cr, TP, Alb, IgG, IgM, IgA, and CRP values
of the HAE and Mast-AE groups. The mean IgE titer of the
HAE group (120.8+130.5 IU/mL) was significantly lower
than that of the Mast-AE group (262.2+314.9 TU/mL) (Ta-
ble 4). The distribution of the C3, C4, CH50, and C1-INH
activity levels is shown in Fig. 2. The mean serum C3 con-
centration of the HAE group and Mast-AE groups (104.4+
23.7 mg/dL and 100.0+£17.7 mg/dL, respectively) was simi-
lar. A serum C4 concentration of less than normal limit (<14
mg/dL) was seen in 91.3% of the HAE patients and in 4.8%
of the Mast-AE patients (Fisher’s exact test, p<0.01). In the
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Table 3. the Number of Patients Having Former Mucosal Angioede-
ma and Symptoms.
Oral cavity  Laryngeal =~ Choking  Abdominal pain
HAE, n (%) 4 (8.6) 18 (39.1) 6 (8.6) 26 (56.5)
Mast-AE, n (%) 5(12.1) 7(17.0) 0(0.0) 5(12.1)
p ns <0.05 <0.05 <0.01
Fisher’s exact test
ns: not significant
Discussion

Figure 1. Pictures of angioedema from patients with heredi-
tary angioedema. a: A 38-year-old female patient. Marked
swelling of the left lower limb was observed. b: A 19-year-old
female patient. Enhanced computed tomography of the abdo-
men demonstrated an expanded edematous small intestine (ar-

row head) and the accumulation of intestinal fluid.

HAE group, 9 of the 46 patients presented with serum levels
of C4, which were below the lower limit of quantitation (<2
mg/dL); this was not observed in the Mast-AE group. A CH
50 titer below the normal limit (<25 U/mL) was seen in
45.6% of the HAE patients but not in the Mast-AE patients
(Fisher’s exact test, p<0.01). In the HAE group, 6 of the 46
patients presented with CHS0 titers that were below the
lower limit of quantitation (<7 U/mL); this was not the case
in the Mast-AE group. A CI-INH activity level of <50%
was observed in all (100%) of the HAE patients but none of
the Mast-AE patients (Fisher’s exact test, p<0.01). In the
HAE group, 35 of 46 patients presented with an extremely
low CI-INH activity level, which was below the lower limit
of quantitation (<25%).

HAE is a potentially life-threatening disease caused by
mutations in the SERPINGI gene, which results in the de-
creased synthesis (type I) or function (type II) of Cl-
INH (1, 2). The prevalence of HAE is estimated to be 1
case per 50,000-100,000 people, with no reported bias
among different ethnic groups (2). It is assumed that there
are 2,000 to 3,000 HAE patients in Japan; however, based
on the unofficial data collated from case reports in Japan
and from several pharmaceutical company databases, it is
estimated that 450 patients have been diagnosed in Japan.

The ability to differentially diagnose a patient during the
first visit to an outpatient clinic is paramount. Although AE
is associated with familiar symptoms, HAE patients typi-
cally wait years before being correctly diagnosed (7, 14).
Because of the low awareness of HAE among physicians,
the correct diagnosis of the disease is complicated by misdi-
agnosis with the dominant type of AE (Mast-AE). Thus, it is
critical to educate doctors and/or medical staff on the spe-
cific complaints associated with HAE.

Our results highlight the importance of historical medical
data, including the age of AE onset, a family history of AE,
and the locations of past AE episodes. With regard to the
average age of the patients when the first AE attack, the pa-
tients in the HAE group were significantly younger (in ado-
lescence) in comparison to the Mast-AE group. Since our
outpatient clinics are for adults, our data may be slightly
skewed towards a higher age. In our study, anti-histamine
drugs and corticosteroids showed significant efficacy in the
Mast-AE group, but were only effective in 9 of 46 patients
with HAE combined with acute or chronic urticaria. Thus,
the effectiveness of these drugs cannot be used to reliably
differentiate between HAE and Mast-AE.

Because an estrogen-responsive element in the promotor
region of the factor XII gene is responsible for the exacerba-
tion of AE (2,9), we only found a history of estrogen-
induced AE and menstruation-related AE among the HAE
patients.

As previously reported, 75% of HAE patients present
with an autosomal dominant inheritance form of disease and
25% of HAE patients present with de novo mutations (1, 2).
Because our data confirmed the high frequency of autosomal
dominant inheritance (73.9%), we can infer that monitoring
the family history of AE would be very informative. Hun-
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Table 4. Laboratory Data Obtained at the First Consultation.

HAE Mast-AE p
Eosinocyte (/uL) 191.3+267.0 206.3+223.5 ns*
IgE (IU/mL) 120.8+130.5 262.2+3149  p<0.01*
C3 (mg/dL) 104.4+23.7 100.0+£17.7 ns*
C4 <14 (mg/dL) (yes:no) 42:4 2:39  p<0.01%*
CH50 <25 (U/mL) (yes:no) 21:25 0:41  p<0.01%%*
C1-INH activity <50 (%)  (yes:no) 46:0 0:41  p<0.01%%*
*Mann-Whitney’s U test
**Fisher’s exact test
ns: not significant
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Figure 2. Dot plots of the complement system parameters. a: The serum levels of C3. b: The serum
levels of C4. c: The serum titers of CH50. d: The serum activities of C1-inhibitor. The gray zone rep-
resents the normal range. The horizontal broken line represents the limit of quantitation. The hori-
zontal line of Fig. 2d indicates a C1-inhibitor activity level of 50%, which is stated in the diagnostic
criteria (12). HAE: hereditary angioedema, Mast-AE: mast cell-mediated angioedema, C1-INH: C1-

inhibitor

dreds of different heterozygous mutations of C1-INH have
been described in a database (HAEdb, http://hae.enzim.hu),
Japanese investigators are now going to perform a genetic
analysis of a nationwide registration system that was estab-
lished by The Japanese Association for Complement Re-
search.

The AE attacks occurred in characteristic locations in
both groups. In the HAE group, a history of AE in the ex-
tremities was the most common location of subcutaneous
AE (80.4%). A previous per-patient analysis also reported
that the extremities were the most affected parts in subcuta-
neous skin lesions among 209 HAE patients (15). The lips
and eyelids were a common location in the Mast-AE group,
which is consistent with mast cell degranulation being trig-
gered by an antigen that enters these anatomical sites. On

the other hand, mucosal AE was not common in the Mast-
AE group. Strikingly, the HAE patients developed life-
threatening laryngeal edema and gastrointestinal AE. These
severe attacks clearly pose obstacles in the daily lives of pa-
tients. In the future, we therefore need to understand the
burden of illness in HAE patents with objective evaluation
methods, such as the health quality of life (HRQoL) and the
Dermatology Life Quality Index (DLQI) (16).

The clinical guidelines of the World Allergy Organization
(WAO) recommend the measurement of the serum C4 level
as the best specific screening test. The detection of C4 con-
centrations below the normal range shows 98% specificity in
the diagnosis of HAE (2). Although our results showed that
the specificity for a diagnosis of HAE was slightly lower
(42 of 46 patients, 91.3%), the serum C4 level in 4 HAE
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patients with a normal basal concentration did drop below
the normal limit during AE attacks. Two of forty-one Mast-
AE patients presented with low serum C4 levels, but had
normal levels of immunoglobulins and CRP, and had no
signs of autoimmune disease. Such patients may have ge-
netic alterations at the C4 locus that disrupt their protein
function (17). Titers of CH50 that were below the normal
range were only observed in the HAE group but showed
low diagnostic sensitivity (45.6%). In contrast to the meas-
urement of CH50, a low CI1-INH activity (<50% of normal)
was observed in all of the patients in the HAE group and
showed 100% specificity in the diagnosis of HAE. None of
the patients in the Mast-AE group presented with low CI-
INH activity. In our country, the measurement of the anti-
genic C1-INH levels is not currently approved by the Japa-
nese health insurance system; thus, we measured the anti-
genic C1-INH levels at the patient’s or research institution’s
expense, in some cases. Our results clearly indicated that the
measurement of the CI-INH activity would be sufficient for
making a diagnosis of HAE.

In conclusion, the characteristic features of AE-related
medical history combined with the results of complement
tests in HAE patients are highly informative when examined
at the first consultation.
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