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ABSTRACT

Objective: Hereditary angioedema (HAE) is a rare autosomal dominant disorder characterized by recurrent episodes of skin and
mucosal swelling, potentially leading to life-threatening laryngeal edema. Its gastrointestinal manifestations may mimic those of
autoinflammatory diseases such as Familial Mediterranean Fever (FMF), complicating the diagnostic process, particularly in patients
resistant to colchicine therapy.

Materials and Methods: This prospective observational study included pediatric patients aged 1-21 years attending the Pediatric
Rheumatology clinic between July 2021 and July 2022. Eligible participants either had a diagnosis of FMF confirmed by heterozygous
or homozygous MEFV mutations and were resistant to colchicine therapy or displayed autoinflammatory features with non-pathogenic
mutations while receiving empirical colchicine treatment. Serum C4 and C1 esterase inhibitor (C1-INH) levels and activity were
measured in all patients.

Results: A total of 51 patients (mean age 10.1 + 4.3 years; 31.4% female) were enrolled. The most frequently reported symptom was
abdominal pain (74.5%), followed by fever (43.1%), and joint pain (29.4%). All patients exhibited normal C4 and C1-INH levels, except
for one case in which decreased C1-INH activity led to the diagnosis of type II HAE.

Conclusion: This study emphasizes the importance of considering HAE in pediatric patients presenting with persistent abdominal
symptoms and suspected autoinflammatory disease, particularly in cases unresponsive to colchicine therapy. The identification of type
IT HAE in this context highlights the potential for diagnostic overlap and underscores the need for increased clinical vigilance. These
findings support the inclusion of HAE in the differential diagnosis of abdominal pain in pediatric patients with autoinflammatory
features.
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INTRODUCTION layed diagnosis can lead to serious, potentially life-threat-

ening complications (1).
Hereditary angioedema (HAE) is a rare autosomal

dominant disorder caused by a deficiency or dysfunction Familial Mediterranean Fever (FMF), the most com-
of Cl esterase inhibitor (C1-INH). While prevalence is es- mon autoinflammatory disease in children, is usually
timated at 1 in 50,000 people, data suggest an increasing characterized by recurrent episodes of fever and serositis
incidence. Early and accurate diagnosis is crucial, as de- and is responsive to colchicine treatment. HAE is a rare
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bradykinin-mediated disease characterized by recurrent,
non-pruritic swelling and abdominal pain and is often
confused with inflammatory diseases. In contrast to FMF,
which is characterized by interleukin-1-mediated system-
ic inflammation, HAE results from C1-INH deficiency or
dysfunction, leading to excessive bradykinin production.
This difference is clinically important because HAE does
not respond to colchicine treatment (2).

HAE is divided into Type I, characterized by low CI-
INH levels and activity, and Type II, characterized by nor-
mal C1-INH levels but low activity (2,3). Typical symp-
toms of HAE include swelling of the skin and mucosal
tissues and life-threatening laryngeal or upper respiratory
tract obstruction. In addition, recurrent abdominal symp-
toms similar to those seen in FMF, TRAPS, Mevalonate
Kinase Deficiency, and PFAPA syndrome may also occur.
These overlapping features should be carefully considered
in the differential diagnosis of HAE (3,4).

This is the first study to evaluate the diagnosis of type
I and type II HAE in pediatric rheumatology patients
with autoinflammatory features and persistent abdominal
symptoms. In this regard, it aims to fill a significant gap in
HAE diagnosis. Additionally, patients treated empirically
with colchicine but without pathogenic MEFV mutations
were included to assess whether unrecognized HAE could
account for persistent abdominal symptoms in this diag-
nostically challenging group.

MATERIALS and METHODS
Study Design and Patient Selection

This prospective observational study was conducted at
the Pediatric Rheumatology Clinic of Dr. Sami Ulus Gy-
necology and Pediatrics Research Hospital between July
2021 and July 2022. Eligible patients were aged 1 to 21
years and experienced recurrent abdominal pain. Patients
with genetically confirmed FMF unresponsive to colchi-
cine therapy, as well as those without MEFV mutations
but receiving empirical colchicine therapy for persistent
abdominal symptoms, were included. None of the patients
had received medication known to affect complement lev-
els, such as corticosteroids or biologics. Serum C4 and
C1-INH levels and activity were recorded in all patients.
Laboratory analyses were performed at Synlab Labora-
tory (Ankara, Tiirkiye), an accredited facility operated by
Polifarma Pharmaceutical Company in Istanbul, Tirkiye.
Patient screening followed the diagnostic algorithm for

suspected HAE as summarized in the international WAQO/
EAACI guideline for the management of HAE (5).

All patients were screened during symptomatic peri-
ods at the pediatric rheumatology clinic, with abdominal
attacks being the primary reason for presentation. Since
C4 and CI-INH levels are sensitive to sampling time and
laboratory processing methods, strict precautions were im-
plemented. Blood samples were delivered to the laboratory
within two hours, following standardized procedures to
minimize variability. Functional C1-INH activity was as-
sessed using a conventional ELISA method, which has dem-
onstrated comparability to the chromogenic assay (5). In
line with international guidelines, C1-INH concentration
<50% of the normal mean were considered diagnostic for
type I HAE, while normal or elevated concentrations with
reduced activity were indicative of type II in HAE. Normal
C1-INH functional activity was defined as 70-130% (5).

Statistical Analysis

Data analysis was conducted using SPSS version 22.0.
Categorical variables were reported as frequencies and
percentages, while numerical variables following a normal
distribution were expressed as means + standard devia-
tions, and those with a non-normal distribution were pre-
sented as medians with interquartile ranges. Differences
in frequencies were assessed using the Chi-square test or
Fisher’s exact test, with statistical significance established
at a p-value less than 0.05. Due to the absence of prior
studies, a sample size calculation could not be performed.

The study was approved by the Ethics Committee of
Dr. Sami Ulus Maternity and Children Training and Re-
search Hospital (approval number: E-21/06-189). Writ-
ten informed consent was obtained from the parent/legal
guardian of the patient for publication of the details of
their medical case and any accompanying images. AI tools
(ChatGPT, OpenAl, San Francisco, USA) were used for
language editing.

RESULTS

A total of 51 patients were enrolled in the study, with
a mean age of 10.11 + 4.33 years. Of these, 16 (31.4%)
were female, and 35 (68.6%) were male. The most com-
mon symptom was abdominal pain reported in 38 patients
(74.5%), followed by fever in 22 (43.1%), and joint pain
in 15 (29.4%). Demographic and clinical features are pre-
sented in Table I.
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Table I: Demographic and clinical findings of the patients.

n=51
Age, years (Mean +SD) 10.1+4.3
Age at symptom onset, years (Mean +SD) 48+4.0
Gender, n (%)
Girl 16 (31.4)
Boy 35 (68.6)
Abdominal pain, n (%) 38 (74.5)
Fever, n (%) 22 (43.1)
Arthralgia, n (%) 15 (29.4)
Vomiting, n (%) 6 (11.8)
Diarrhea, n (%) 4(7.8)
Nausea, n (%) 6 (11.8)
Bloating, n (%) 6(11.8)
Chest pain, n (%) 4(7.8)
Joint swelling, n (%) 8 (15.7)
Increased joint temperature, n (%) 7 (13.7)
Additional allergic symptom in any attack, n (%) 32 (62.7)
Increased APR during an attack, n (%) 19 (37.3)
Family history of the Autoinflammatory disease, 14 (27.5)
n (%)
Attack period; day, median (min-max) 30 (1-180)
Triggers caregivers reported, n (%) 15 (29.4)
Food 6
Infections 2
Exercise 1
Drug 2
Cold 2
Stress 2
Concomitant allergic disease, n (%) 15 (29.4)

APR: Acute phase reactant

Table IT: Mutation screening of the Autoinflammatory

Disease genes (n=25).

n (%)
Normal 13 (52.0)
A744S heterozygous 1(4.0)
E148Q heterozygous 2(8.0)
M6801 homozygous 1(4.0)
M694V heterozygous 4 (16.0)
m694v homozygous 1(4.0)
P369S heterozygous 1 (4.0)
R202Q homozygous 1(4.0)
TNSER heterozygous 1(4.0)
Total 25 (100.0)

Serum C4 and C1 esterase inhibitor levels were with-
in normal ranges for all patients. However, one patient
exhibited a reduced C1 esterase inhibitor function ratio,
leading to a confirmed diagnosis of Type II HAE. Genetic
testing was conducted in 25 of the 51 patients, revealing
no mutations in 16 cases. Mutation screening results for
genes associated with autoinflammatory disorders are
shown in Table II.

Case Evaluation: HAE Type II

A 9-year-old girl presented with recurrent abdominal
pain and intermittent low-grade fevers, which began at 8
months of age. She also experienced occasional arthralgia
during episodes. Her parents were non-consanguineous.
Her sister with similar symptoms had responded to col-
chicine therapy, and her mother was later noted to have
recurrent abdominal pain and bloating.

Initially, PFAPA syndrome was suspected; however,
the clinical findings did not meet FMF diagnostic criteria.
Genetic analysis, including MEFV testing and a compre-
hensive autoinflammatory panel, revealed no pathogenic
variants. Laboratory evaluation demonstrated normal
C4 (0.26 g/L; reference 0.1-0.4 g/L) and normal C1-INH
concentration (27.4 mg/dL; reference 21-38 mg/dL). Nev-
ertheless, C1-INH activity was decreased in two separate
measurements (46% and 39%). Review of prior hospital
records confirmed decreased C4 levels during abdominal
attacks.

After a diagnostic delay of approximately nine years,
Type II HAE was confirmed. Her mother was also found
to have low C4 and reduced C1-INH activity (0.04 g/L and
19%, respectively) despite normal C1-INH concentration.
SERPINGI genetic testing is planned for both the patient
and family members. Following diagnosis, management
was initiated according to established HAE guidelines.
Colchicine therapy was ineffective in this patient, in con-
trast to her sister.

This case underscores the prolonged diagnostic delay
and emphasizes the importance of accurate laboratory
evaluation in differentiating recurrent abdominal pain
syndromes.

DISCUSSION

HAE is a rare condition that often presents with ab-
dominal pain, a feature that may overlap with FMF. This
results in diagnostic errors and inappropriate treatment,
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especially in endemic areas of FMF. Several reports have
described patients initially diagnosed with FMF, includ-
ing those with MEFV mutations, who were subsequently
identified as having HAE when symptoms persisted de-
spite colchicine therapy (6).

Abdominal pain is the second most common manifes-
tation of HAE after peripheral swelling, yet it is frequently
underrecognized (7). Abdominal pain results from tran-
sient intestinal wall edema and typically begin during the
first decade of life. Diagnosing abdominal pain in children
is particularly challenging due to its broad differential, in-
cluding gastrointestinal, genitourinary, metabolic, muscu-
loskeletal, and neurological disorders. A review of 19 stud-
ies revealed a consistent failure to recognize early warning
signs of HAE. Nevertheless, several case reports suggest
that gastrointestinal symptoms—such as nausea, bloat-
ing, abdominal distension, flatulence, and nonspecific ab-
dominal discomfort—may predict an impending abdomi-
nal attack (8,9). The literature further demonstrates that
individuals with HAE commonly suffer from recurrent
abdominal pain, often contributing to diagnostic delays.
The majority of these patients are commonly misdiag-
nosed with primary gastrointestinal disorders including
irritable bowel syndrome, recurrent pancreatitis, appen-
dicitis, or colonic intussusception (10). A 15-year-old girl
with a homozygous MEFV mutation who had recurrent
abdominal attacks with hand swelling, and showed poor
response to colchicine was subsequently diagnosed with
coexisting Type I HAE. Her symptoms persisted every two
months despite the absence of additional mutations (11).
Similarly, a 24-year-old patient misdiagnosed with FMF
and who failed to improve with colchicine therapy was di-
agnosed with Type II HAE after reduced C1-INH activity
and a SERPINGI mutation were identified (12). Although
R202Q mutations are considered benign; we suggest that
this patient’s clinical features were attributable to HAE,
consistent with our findings (13). Another patient with
impaired C1-INH function and SERPINGI1 mutations
who failed FMF therapy was subsequently diagnosed with
Type II HAE (14). The oldest reported case is a 78-year-
old veteran with persistent, unexplained abdominal and
gastrointestinal complaints (15).

Unusual manifestations of rare disorders can lead to
overlapping symptoms, complicating the diagnosis. HAE
may mimic conditions such as FMF or autoimmune con-
ditions such as Behget’s disease and PFAPA syndrome. On
average, patients with HAE consult 4.4 physicians over a

period of 8.3 years before receiving an accurate diagnosis.
In our study, one patient’s symptoms began at 8 months
of age, but was not diagnosed for 9 years illustrating how
limited awareness of HAE and overlapping clinical fea-
tures contribute to prolonged diagnostic delays (16).

Our case highlights the importance of family history
and the critical role of HAE screening. At the same time,
the patient’s mother also reported recurrent abdominal
symptoms and was found to have reduced C4 and C1-INH
activity. This underscores the importance of family evalu-
ation, as identifying affected relatives not only enables ear-
lier diagnosis but also prevents unnecessary therapies and
prolonged treatment courses (17).

These findings emphasize the importance of consider-
ing HAE in pediatric patients presenting with unexplained
abdominal pain, particularly if colchicine-resistant FMF
or other autoinflammatory diseases are suspected. Unfor-
tunately, abdominal pain episodes are often misdiagnosed
as gastrointestinal disorders such as irritable bowel syn-
drome, appendicitis, or pancreatitis, contributing to di-
agnostic delays. Although the detection of only one HAE
case (1/51) in our study limits the generalizability of our
study, clinicians should keep in mind that symptoms such
as nausea, bloating, and distension may be warning signs
of an HAE attack. Larger studies are needed to confirm the
observations in our study.

CONCLUSION

To the best of our knowledge, this is the first study to
evaluate HAE among pediatric patients presenting with
autoinflammatory features and unexplained abdominal
pain. Because its symptoms mimic those of FMF and oth-
er autoinflammatory diseases, HAE is often overlooked in
clinical practice, and this is further complicated by clini-
cians’ limited awareness. While the identification of only
one case of HAE limits its generalizability, our study high-
lights the importance of recognizing this diagnostic pos-
sibility and encourages further research to better define
overlapping features.
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