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Wstep:

Wrodzony obrzek naczynioruchowy na tle niedoboru C1 inhibitora (Hereditary
angioedema due to C1 inhibitor deficiency — CI-INH-HAE) jest rzadkim dziedziczonym
dominujgco schorzeniem, o czestosci wystepowania 1:50 000 osob. Przyczyng jego objawow
sg heterogenne mutacje w genie C1 inhibitora (SERPING 1), ktorych skutkiem jest istotne
ostabienie aktywnosci C1 inhibitora (<50% normy), gtéwnego czynnika hamujacego uktad
kinin ustrojowych. Nastgpstwem tego jest sklonnos$¢ ustroju do tatwego uwalniania kinin,
a zwlaszcza bradykininy, nastepujacych pod wplywem réznych bodzcow lokalnych czy
ogdlnoustrojowych zaburzajacych homeostaze tkanek.

Wzrost poziomu bradykininy jest gldownym powodem obrzeku naczynioruchowego
u 0s6b z wrodzonym obrzekiem naczynioruchowym. Choroba wystepuje pod postacig dwoch
wariantow fenotypowych okreslanych jako typ 11 II. Typ I dotyczy ponad 80% przypadkow
chorych z tym schorzeniem i charakteryzuje go niska masa CI1 inhibitora i niska jego
aktywnos$¢ (<50% normy). U ok. 20% chorych wystepuje typ II w ktérym masa C1 inhibitora
jest w normie lub podwyzszona i jedynie aktywno$¢ C1 inhibitora jest <50% normy. Przebieg
kliniczny choroby i skutecznos$¢ lekow jest w obu typach podobna.

Wrodzony obrzek naczynioruchowy na tle niedoboru C1 inhibitora charakteryzuje si¢
kilkudniowymi napadami samoograniczajacego si¢ obrzgku naczynioruchowego tkanki
podskornej pod postacia obrzekéw zewnetrznych (najczesciej dioni, stop, twarzy) lub tkanki
podsluzowej narzadow wewnetrznych (zwykle przewodu pokarmowego lub gornych drog
oddechowych).

Bradykininowy obrzek naczynioruchowy z jakim mamy do czynienia u chorych
z wrodzonym niedoborem C1 inhibitora ma swe charakterystyczne cechy réznicujace go od
obrzeku indukowanego histaming. Napady obrzgku naczynioruchowego sa nieregularne,

trudne do przewidzenia, narastajag powoli, wystgpuje nieregularnie, ze zmienng lokalizacja.



Charakterystycznie ustepuje samoistnie po 2-3 dniach. Nie towarzyszy mu $§wiad ani
bable pokrzywkowe. Jest oporny na leczenie glikokortykoidami, lekami przeciw-
histaminowymi czy tez adrenaling. Do czynnikdéw prowokujacych nalezg stres, uraz, infekcje,
obfity positek lub gtodzenie, forsowny wysitek oraz niektéore pokarmy. Moze by¢ grozny
w przypadku zajecia narzadow wewnetrznych, zwlaszcza w napadach obejmujacych drogi
oddechowe (mogac prowadzi¢ do ich niedroznosci), lub napadu obrzgku w przewodzie
pokarmowym, gdzie obraz kliniczny ostrych objawdw brzusznych czgsto imituje obraz
ostrego brzucha i1 kazdorazowo stanowig problem diagnostyczny oraz kliniczny. Objawy
kliniczne w ostrym napadzie brzusznym kazdorazowo moga mie¢ inny przebieg i rdzne
nasilenie poczawszy od niewielkiego niespecyficznego dyskomfortu skonczywszy na
wstrzasie hipowolemicznym zwigzanym z masywnym przesickiem ptynu do jam ciata i do
$wiatta przewodu pokarmowego czy tkanek migkkich oraz do niejasnego obrazu
chirurgicznego brzucha z imitacjg wystepowania cech niedroznosci przewodu pokarmowego

czy innych chorob imitujacych ostry brzuch.

Cele pracy:

Celem wykonanych badan byta:

1. retrospektywna analiza problemow diagnostycznych i leczniczych napadow brzusznych
u 274 chorych (dorostych 1 dzieci) z wrodzonym obrzekiem naczynioruchowym
w przebiegu niedoboru CI1-INH typu 1 II.

2. ustalenie przydatnosci badan obrazowych (USG/CT) jamy brzusznej i miednicy
w rozwigzywaniu problemow diagnostycznych napadéw brzusznych u chorych
z wrodzonym obrze¢kiem naczynioruchowym na tle niedoboru C1 inhibitora
— (Hereditary angioedema due to Clinhibitor deficiency).

3. ocena przydatnos$ci badan obrazowych badan w monitorowaniu skutecznosci leczenia
napadu brzusznego u chorych z tym schorzeniem

4. ustalenie warto$ci pomocniczej roli w interpretacji zmian stwierdzanych w badaniach
obrazowy jamy brzusznej w tacznosci z wywiadem 1 z badaniem fizykalnym
w rozpoznaniu przyczyn napadowych dolegliwo$ci brzusznych u pacjentow z HAE.
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Hereditary angioedema (HAE) due to Cl-inhibitor (C1-INH) deficiency is a rare hereditary disease characterized by
recurrent subcutaneous or submucosal angioedema due to uncontrolled bradykinin production caused by CI1-INH
dysfunction. Submucosal gastrointestinal swellings provoking abdominal attacks are common and mimic acute
abdomen, thus constituting a diagnostic challenge. We aimed to investigate the difficulties in diagnosing abdominal
attacks in patients with C1-INH-HAE and to assess the diagnostic value of medical history, the course of the attack,
abdominal imaging, and treatment efficacy. The retrospective analysis of diagnostic problems and treatment
complications of abdominal attacks in 274 patients with C1-INH-HAE were performed. The value of history, laboratory
findings, prodromal symptoms and course of attacks and imaging were assessed. Abdominal attacks were confirmed in
274 of the 322 patients (85%; 190 women and 84 men; age, 4—70 years). In 49% of cases, the abdominal attack was the
first and the only symptom for years. The simultaneous presence of marginal erythema (45% of cases), subcutaneous
edema (30%), and pharyngo-laryngeal edema (10%) facilitated the diagnosis of an abdominal attack due to C1-INH-
HAE. Abdominal attacks manifested with recurrent acute abdominal symptoms lasting 2 to 5 days. The disease course
was characterized by the phase of progressive prodromal symptoms followed by peak symptoms and spontaneous
symptom resolution. Abdominal imaging often revealed abundant ascites and limited bowel edema. In 60 cases (22%),
the diagnostic difficulties resulted in exploratory laparotomy, which was inconclusive in 48 patients (80%). The attacks
usually subsided within 2 hours from the administration of recommended drugs (plasma-derived C1-INH , recombinant
CI1-INH or icatibant). We conclude that recurrent abdominal attacks lasting a few days and resolving spontaneously were
common symptoms of C1-INH-HAE. Abdominal imaging revealed transitional fluid or bowel edema. The effectiveness
of recommended drugs as plasma-derived C1-INH, recombinant C1-INH or icatibant confirmed the diagnosis.

Key words: hereditary angioedema, Cl-inhibitor, bradykinin, abdominal attacks, abdominal imaging, computed tomography,

subcutaneous edema, pelvic ultrasound

INTRODUCTION

Hereditary angioedema due to Cl-inhibitor deficiency (C1-
INH-HAE) is a rare inherited autosomal dominant disease
caused by Cl-inhibitor deficiency due to a heterogeneous
mutation of the C/-INH gene (Serpingl) (1-6). The mutation
results in a significant reduction in the activity of C1-INH, the
main inhibitor of the kinin system. Alterations in the kinin
system facilitate the release of bradykinin (BK), which is the
major mediator of angioedema in CI1-INH-HAE, leading to
numerous disturbances in the homeostasis of the body (7-14).

C1-INH-HAE occurs in two phenotypic variants: type I and
type II HAE. Type I HAE is characterized by a significant
reduction in CI1-INH functional activity and concentration
(>50% of lower limit). It is diagnosed in over 80% of cases. In
type II HAE, C1-INH activity is significantly reduced but its

serum concentration remains normal or elevated. It is found in
approximately 20% of patients (1-3, 5).

Angioedema in patients with CI-INH-HAE has
characteristic clinical features. The attacks are recurrent, appear
with different frequency and may occur in multiple locations,
last from 2 to 5 days, and affect the subcutaneous tissue (usually
the hands, feet, and face) or submucosal tissue (most commonly
the gastrointestinal tract, and less often the airways which may
be life-threatening). Angioedema typically occurs over a limited
area. It progresses slowly (usually over a few hours), reaches the
maximum intensity usually on the second day, and then resolves
spontaneously within next 2 to 3 days. The symptoms are not
accompanied by itching or hives and are resistant to
antihistamine and corticosteroid treatment (1-3).

Submucosal edema in patients with C1-INH-HAE often
constitutes a diagnostic and therapeutic challenge. The



symptoms can be life threatening in the case of respiratory tract
involvement (e.g., laryngeal edema) and in the case of
gastrointestinal swelling. They constitute always a diagnostic
problem mimicking acute abdomen, often leading to
misdiagnosis, unnecessary surgery, various complications such
as intestinal obstruction and hypovolemic shock due to
excessive fluid loss from the peritoneal cavity (15-17).

Abdominal attacks in patients with CI-INH-HAE are
common, the awareness of these symptoms is insufficient among
general practitioners, surgeons, and emergency department
doctors who deal with undiagnosed HAE patients reporting an
edema attack (18-20).

Bradykinin-mediated submucosal swelling in the
gastrointestinal tract is a segmental edema caused by the
activation of bradykinin B, and B, receptors in the capillary
endothelium following capillary dilatation, increased
permeability, and contractile effect on smooth vascular muscles.
In the case of HAE abdominal attacks, a spasmodic or
contractile effect of bradykinin on the intestinal smooth muscles
can be seen, causing colic pain and an increase of intestinal
peristalsis in the swollen area (11, 21-23).

Research performed in recent years proved that not only BK
and kinin generation process, but also products of BK
degradation (11, 21) are important for understanding
pathophysiology of the diseases in which BK is involved (22,
24). These processes remain in relation with many other systems
activation, such as the complement system, contact, coagulation,
fibrinolysis and renin-angiotensin-aldosterone system (RAAS).

The aim of the study was to investigate the difficulties in
recognition of abdominal attacks in patients with diagnosed C1-
INH-HAE. The diagnostic value of medical history, the course
of the attack, abdominal imaging, as well as the efficacy of
recommended therapies were analyzed.

MATERIAL AND METHODS

The study group included 274 patients with types I and II
C1-INH-HAE and abdominal attacks. Participants were selected
out of the 322 symptomatic patients treated at a HAE center in
the University Hospital in Cracow (Cracow, Poland). The
diagnosis of C1-INH-HAE was established based on medical

history, physical examination during angioedema attacks, and
laboratory testing. Laboratory diagnosis of C1-HAE type 1 was
established on the basis of a decrease in the serum CIINH
concentration and plasma functional activity of C1INH (<50%
of the normal value), and C1-INH HAE type 2 based on low C1
INH functional activity (<50% of the normal value) with normal
or elevated C1 INH levels (6).

CI-INH functional activity was determined using the
Berichrom Cl-inhibitor assay (Siemens Healthcare Diagnostics,
Deerfield, IL, USA). Serum C1-INH levels were measured by
nephelometry (Siemens Healthcare Diagnostics, Deerfield, IL,
USA).

Descriptive statistics for the examinated group were
expressed as mean with range or standard deviation.

In patients included into the study a retrospective analysis of
the history, the symptoms, patients diary, course of moderate and
severe abdominal attacks (15) from onset to resolving of
symptoms, analysis of trigger factors and prodromal symptoms,
complications as well as the results of abdominal and pelvic
imaging done during abdominal attack, the results of exploratory
laparotomy performed in some of patients and the efficacy of
treatment was taken into account.

The evaluation of the abdominal attacks of the patients based
on medical history, medical records/documentations in the
course of emergency care during abdominal attacks, with an
assessment of treatment efficacy, on analysis of patients diary
completed in measure interview needs as well as on the
evaluation of abdominal imaging during abdominal attack.

Imaging examinations of the abdominal cavity and small
pelvis (ultrasound examination and CT scan) performed in the
studied patients with Cl-Inh HAE during acute abdominal
attacks often in a serious condition, were subjected to
retrospective analysis in order to extend the diagnosis in
doubtful cases.

The most often performed was ultrasound examination as
the most available and regardless of the patient’s condition
study, the most accessible and fastest, which can be performed at
the bedside and does not show any harm to the patient and can
be performed repeatedly allowing to monitor the patient's
condition. and the effectiveness of treatment.

A CT scan was performed in some case of clinical doubts as
to the causes of clinical symptoms in patients in order to exclude

Table 1. Clinical characteristics of patients with abdominal attacks in the course of hereditary angioedema due to C1 inhibitor

deficiency (n=274).

Parameter Value
Sex, n Male 84
Female 190
Age, years, mean (range) 36 (4-70)
HAE, n (%) Type I 247 (90)
Type I 27 (10)
Positive family history, n (%) 218 (80)
Site of the first HAE attack, | Abdomen 49
% Subcutaneous edema 41
Oropharyngeal edema 10
Abdominal or pelvic ultrasound/CT during abdominal attack, n (%) 56 (20)
Exploratory laparotomy during HAE attack, (%) 58 (21)
Serum C1-INH levels?, Type | HAE 0.06 (0.025)
mg/dl, mean (SD) Type Il HAE 0.04 (0.224)
CI-INH functional activity®, %, in type I and Il HAE 17.6 (14.53)

C1-INH, C1 inhibitor; HAE, hereditary angioedema; *reference range: 0.2—-0.39 mg/dl; °reference range: 70—-130%.
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various other reasons, including surgical ones of the acute
abdomen. This examination exposes the patient to radiation and
cannot be performed to monitor the patient’s condition, but only
to diagnose the causes of the symptoms. A CT scan may be
performed at the HED if the patient’s condition is clinically
stable and depending on the HED’s ability to perform such an
examination.

RESULTS

Of the 322 patients with C1-INH-HAE treated and lasting
under constant medical care in our center, the recurrent
abdominal attacks occurred in 274 (85%). The group included
190 women and 84 men (mean age, 36 years (range, 4-70
years)). There were 41 children or adolescents aged 4 to 18

Table 2. Clinical characteristics of patients depending on the time at onset of abdominal attacks in the course of hereditary angioedema

due to C1 inhibitor deficiency.

No. of Sex Age at HAE | Age, range, Type I Positive
Abdominal attacks patients n onset, (years) HAE, n family

(%) mean (SD) (%) history, n
(%)
At onset of HAE 133 Female, 88 10.9 4-70 128 109
(49) Male, 45 (6.8) (96) (82)
After 3-30 years of 141 Female, 94 14.5 12-36 129 109
HAE onset (51 Male, 47 (10) 91 77

CI1-INH, C1 inhibitor; HAE, hereditary angioedema.

Table 3. Results of explorative laparotomy depending on the presence of abdominal attacks and other symptoms.

Patients Patients

No. of patients undergoing Laparotomy findings

laparotomy,
n (%)

Patients with 274 60 (21) Appendicitis (n=9)
CI1-INH-HAE Intussusception (n=3)
and abdominal Perforation (n=1)
attacks Inconclusive findings (n=47; 78%)
Patients with 48 5(10) Appendicitis (n=5; 10%)
C1-INH-HAE
without abdominal
attacks
Asymptomatic 19 1(5) Appendicitis (n=1; 5%)
patients with
CI1-INH deficiency

Abbreviations: see Table 1.

Table 4. The course of abdominal attacks in patients with hereditary angioedema due to C1 inhibitor deficiency.

Phase of abdominal attack*®

Time

1. Prodromal symptoms

Erythema marginatum in 45% cases.

irritability, tingling, numbness, myalgia.

Other types of subcutaneous edema in 30% of cases.
Other symptoms include fatigue, sleepiness, aggressiveness,

from few hours to 24
hours before an attack

2. Initial progressive phase

external edema.

hours.

Recurrent moderate to severe colic pain (100% of cases), strong
flatulence (100%), vomiting (65%), and diarrhea (38%).
In 30% of cases the abdominal symptoms were accompanied by

Abdominal imaging may reveal the increasing volume of ascites
or limited bowel edema that resolve spontaneously after a few

up to 12 hours

3. Peak symptoms

12-24 hours

4. Gradual spontaneous resolution of symptoms

over 48-96 hours

*Relief of symptoms in each phase can be achieved with plasma-derived C1-inhibitor
concentrate or icatibant (inhibitor of bradykinin B> receptor).
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Fig. 1. A photograph of erythema marginatum in patient with
HAE during the angioedema attack (erythematous, polycyclic,
serpentine skin lesions).

years. The time period from the first angioedema attack to the
diagnosis of HAE ranged from 2 to 62 years, mean - 9 years.
80% of patients had a positive family history of HAE.
Abdominal attacks as the first HAE symptom were reported in
49% of cases. The clinical characteristics of the study group are
presented in 7able 1.

The clinical analysis allowed us to divide patients with
abdominal attacks in the course of C1-INH-HAE into 2 groups.
The first group included 133 patients in whom an abdominal attack
was the first symptom of the disease (and remained the only
symptom for many years in 3 cases). The second group included
141 patients in whom abdominal attacks occurred 3 to 30 years
after angioedema attacks at other sites. The type of HAE, sex, and
positive family history were not associated with the incidence of
abdominal attacks in patients with C1-INH-HAE. Patients with an
abdominal attack at the onset of HAE were younger than the
remaining patients (7able 2, group A) suggesting that an abdominal
attack can be the first symptom of the disease in younger children.

The observation period prior to diagnosis was based on
anamnesis and medical records. While the period after HAE
diagnosis was based on the patient’s diary, emergency medical
records, and his own medical records (check-ups and attack
tests) taking into account the frequency and severity of the
seizure a scale of 1-3 (15) as well as a result of the effectiveness
of the recommended treatment. The self-observation period of
patients after diagnosis ranged from 2 to over 30 years.

In all patients, abdominal attacks were accompanied by
recurrent acute colic at different sites and pain of moderate to
severe intensity. Severe flatulence was present in 75% of
patients; vomiting or nausea, in 72%; and diarrhea, in 45%.
Patients with severe attacks often reported strong weakness and
reduced blood pressure.

[ free fluid in the peritoneum
pess===] intestinal stack of coins edema

J-[ edema of the stomach wall

Fig. 2. An abdominal computed
tomography scan showing intestinal
swelling and free peritoneal fluid in
a patient with angioedema.
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In some patients, the prodromal symptoms of varying
severity sometimes appeared a few dozen hours before the
attack. Erythema marginatum developed in 45% of cases, while
35% of patients reported fatigue, somnolence, irritation,
aggressiveness, numbness, tingling, and muscle pain as
symptoms that preceded the onset of edema.

In some cases, a medical interview revealed some triggering
factors. In 40% of patients, abdominal attacks were induced by
trauma, stress, infection, poor nutritional habits (heavy meal or
starvation), and significant physical effort. Some patients
indicated that the attacks were provoked by certain food
products such as milk, eggs, fish, legumes, or spices, but food
challenge tests did not confirm any food allergy. The elimination
of the suspect food usually reduced the frequency of abdominal
attacks in these cases, suggesting food intolerance.

In 8 cases in whom the presence of inflammatory foci in the
gastrointestinal tract has been confirmed (Helicobacter pylori in
4 cases, parasitic infection in 2 cases: Ascaris/Toxocara and
dysbiosis, in 2 cases) elimination of them caused a significant
reduction in attack severity from severe to moderate (from 3 to
1-2 in scale 1-3) and reduction of attack frequency (from 2—
3/month to 1 for 1-2 month observed in 1 to 6 months after the

treatment of the inflammatory focus.

An exploratory laparotomy in an abdominal attack was
performed in 60 patients enrolled in the study due to poor
efficacy for up to 2 hours of the drug recommended in an
abdominal attack in patient with C1-INH-HAE (pd C1INH,
recombinant C1INH or icatibant) and the resulting necessity to
exclude another cause of the attack.

[=—geesrd  free fluid in the peritoneum
sl intestinal stack of coins edema

The analysis of the laparotomy results allowed in 15 cases
(25%) to establish the cause of the abdominal attack (7able 3)
and confirm the need for laparotomy due to appendicitis in 9
cases, occlusion in 4 cases and perforation in 2 cases.

In 47 cases (78%), the findings were inconclusive except for
18 patients in whom excessive free peritoneal fluid was revealed
and evacuated during the procedure.

The results of explorative laparotomy in patients with C1-
INH-HAE and abdominal attacks were compared with those in
patients with C1-INH-HAE without abdominal attacks and with
those in asymptomatic patients with C1-INH deficiency. The
comparison is presented in 7able 3. The cause of laparotomy in
all patients without abdominal attacks and in asymptomatic
patients was acute appendicitis.

Abdominal and pelvic ultrasound or computed tomography
(CT) during an abdominal attack were performed in 56 of the
274 cases (20%). The imaging studies revealed a large amount
of free abdominal fluid and limited bowel swelling in 60% of
patients (Fig. 2 and Fig. 3). In each case, imaging findings were
usually present only in the first hours of progressive severe
abdominal symptoms up to 12 hours and disappeared with the
spontaneous resolution of symptoms on day 2 or within 1 to 2
hours after treatment with plasma-derived C1-INH infusion or
icatibant.

Based on our results, we identified the characteristic features
of abdominal attacks in patients with C1-INH-HAE (Zable 4),
which may facilitate the diagnosis of an abdominal attack. We
described the 4 characteristic phases of an abdominal attack due
to C1-INH-HAE. First, there is the phase of prodromal

Fig. 3. A pelvic computed tomography
scan showing intestinal swelling in a
patient with angioedema.
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symptoms, most typically erythema marginatum (Fig. /). This is
followed by the initial progressive phase lasting up to 12 hours,
with recurrent colic or crampy pain of increasing severity and
usually strong flatulence. In cases of abdominal attacks with very
severe pain and distension (especially associated with excessive
peritoneal fluid), severe weakness and lower blood pressure were
observed. In 30% of patients, the simultaneous presence of
abdominal symptoms and subcutaneous swelling was reported.

These additional symptoms together with erythema
marginatum and a positive family history may be helpful in
recognizing abdominal attacks due to HAE. The phase of peak
symptoms lasts from 12 to 24 hours and is followed by gradual
resolution of symptoms over 2 to 3 days.

The effectiveness of the recommended drugs, such as
plasma-derived C1-INH and icatibant, confirmed the abdominal
HAE attack in all participants. The symptoms usually subsided
within 1 to 2 hours and resolved completely within 1 to 2 days.
The 4 phases are summarized in Table 4.

DISCUSSION

We reported the results from a long-term follow-up of a large
population of patients with C1-INH-HAE. Our findings confirm
the frequent occurrence of abdominal attacks (85%) in these
patients and indicate that abdominal attacks are a common,
typical symptom of this disease (1, 6, 18-20).

The frequency of abdominal symptoms is close to that
reported for subcutaneous angioedema (86.7%), which is
considered the classic symptom of C1-INH-HAE. Our results
are also consistent with the recent reports of numerous other
authors (15-20, 25, 26). Like subcutaneous angioedema,
abdominal attacks constitute a significant problem in patients
with C1-INH-HAE because they are highly prevalent and reduce
the patients’ quality of life. However, the burden of abdominal
attacks seems to be even higher because each attack is
diagnostically challenging and may be life threatening.
Moreover, emergency department doctors or surgeons often
have insufficient expertise to diagnose the edema of the internal
organs in the course of HAE (15-19, 27-30).

The diagnosis of acute abdominal symptoms in patients with
C1-INH-HAE is particularly challenging if abdominal attacks
are the first, and sometimes the only, symptom of the disease (as
observed in 49% of patients in our study). In such cases, the
diagnosis may be delayed for many years. Extensive experience
in managing patients with C1-INH-HAE is required to avoid
misdiagnosis that could lead to unnecessary surgical procedures
and complications, such as gastrointestinal obstruction or
perforation, or hypovolemic shock due to the rapid movement of
fluid from the vascular placenta to the tissue or abdominal cavity
during the angioedema attack (15, 16, 18, 19, 29, 31-34).

Our findings suggest that abdominal attacks are more common
in younger children with C1-INH-HAE however they are often
misdiagnosed. Moreover, they may cause diagnostic difficulties in
patients with acute abdominal symptoms and result in long delays
in the diagnosis of the underlying disease for many years (2).

According to several studies investigating bradykinin-
mediated angioedema in patients with C1-INH-HAE, the
deficiency or dysfunction of C1-INH, the main systemic inhibitor
of the kinin system, leads to an uncontrolled increase of
bradykinin levels. Moreover, based on available research, an
abdominal attack is caused by a local bradykinin-mediated
submucosal swelling of the intestines and is a local symptom of
a systemic activation process (6, 35, 36). Finally, BK binds its B,
receptors to predisposed endothelial cells, thus causing their
activation and activation of bradykinin B, receptors, initiating the
slow development of limited angioedema.

Of note, in the case of an abdominal attack in the course of
HAE, the stimulation of bradykinin receptors leads not only to
an increase of capillary permeability but also to an increase in
intestinal smooth muscle contractility and peristalsis, thus
inducing severe abdominal pain (11, 21, 29-32, 35-37).

Symptoms of acute abdomen pain requires exclusion of
other not only most common reasons. Also rarely occurring
situations, like for example the altered dopamine signaling in the
course of chronic epigastric pain syndrome (CEPS) (38), or the
side effects of biopolymers used in the treatment of organ
prolapse, deposited in pelvic or abdominal cavity (39).

Our current study as well as reports of other authors indicate
that the diagnosis of an abdominal attack in patients with HAE
can be greatly facilitated if the clinician has the appropriate
knowledge of the characteristic clinical features. These are
assessed on the basis of medical history, the presence of
prodromal symptoms (especially erythema marginatum), the
presence of simultaneous external edema, and the characteristic
course and duration of symptoms (2, 3, 6, 16-18, 20, 30).
Abdominal imaging is a particularly useful tool to diagnose
abdominal attacks in patients with HAE. This refers especially to
the easily accessible and noninvasive abdominal and pelvic
ultrasound examination in urgent cases. In contrast, CT is often
difficult to perform in urgent cases, although it offers greater
precision than ultrasound. (2, 18, 20, 25, 30, 32, 40-46).

Ultrasound examination allows clinicians to monitor the
course of the abdominal attack and the efficacy of treatment.
Abdominal ultrasound should be the first-choice diagnostic test in
patients with C1-INH-HAE and abdominal attacks. It allows an
identification of typical dynamic changes in the abdomen, such as
the presence of free fluid, changes in fluid volume, and edema of
the intestines or another internal organ (2, 17, 37, 46). However,
our study showed that imaging tests were performed only in 20%
of patients, which confirms that they are still rarely used for the
diagnosis of abdominal attacks in the HAE population.

In doubtful cases, an inconclusive abdominal ultrasound or
the lack of improvement despite treatment should prompt the use
of a more precise contrast-enhanced abdominal and pelvic CT.
Computed tomography should be reserved for cases of
abdominal attacks that are particularly challenging in diagnostic
terms. This is important considering the high prevalence of
abdominal attacks in patients with HAE, which may occur even
several times a month. Advanced imaging may help identify
another cause of abdominal swelling and related symptoms, thus
facilitating timely diagnosis and treatment (42-45).

A referral of patients with C1-INH-HAE for exploratory
laparotomy during an abdominal attack is always difficult and
should consider the results of abdominal imaging studies. The
problem of unnecessary exploratory laparotomies performed
during abdominal attacks in patients with HAE was described
previously (18, 20, 25, 46). Our study confirmed that exploratory
laparotomies are performed too often in C1-INH-HAE patients
with abdominal attacks - they were justified only in a minority
of cases with appendicitis, intussuspection or perforation of the
intestine. Moreover, redundant laparotomies were shown to be
much more common in C1-INH-HAE patients with abdominal
attacks than in those with HAE without abdominal attacks or in
asymptomatic patients with C1-INH deficiency.

An abdominal attack in patients with C1-INH-HAE mimics
an acute abdomen and each time requires the exclusion of the
various others possible causes provoking acute abdominal
symptoms, such as appendicitis, gall bladder inflammation or
gallstones, gastric ulcer, ileitis, acute ovarian cyst, renal calculi,
mesentery inflammation, portal vein thrombosis, ectopic
pregnancy, or porphyria. In these cases, abdominal CT may be
particularly helpful, although it may be difficult to perform
during an acute attack (2, 18, 19, 42, 45).
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In difficult cases, the administration of plasma-derived Cl1-
INH or bradykinin B, receptor inhibitor icatibant, in patients with
confirmed or suspected diagnosis of CI-INH deficiency could
spare a patient laparotomy (6, 27, 47-50). The drugs are usually
effective within 1 hour of administration. They should stop the
progression of symptoms and lead to their gradual resolution. The
poor efficacy of these drugs or recurrence of abdominal symptoms
after a few hours (possibly due to complications) requires
hospitalization until complete and permanent resolution of
abdominal symptoms is achieved. A surgical consultation and
imaging follow-up is also needed to avoid complications.

In conclusions we have confirmed that recurrent, self-
remitting abdominal attacks lasting 2 to 5 days are common in
patients with C1-INH-HAE. They may occur as the first and the
only symptom of the disease in some subjects. Marginal
erythema, subcutaneous edema, positive family history, and
laboratory-confirmed CI1-INH deficiency facilitates the
diagnosing of an abdominal attack in the course of HAE.
Abdominal imaging with easily accessible ultrasound or more
precise CT that reveals transitional fluid or bowel edema should
be the diagnostic tests of choice in patients with a suspicion of
an abdominal attack in the course of HAE.

The diagnosis of HAE abdominal attack is confirmed if the
recommended treatment with plasma-derived C1-INH,
recombinant C1-INH, icatibant, or the recently introduced -
ecallantide-kallikrein inhibitor is effective. If the treatment is
ineffective or symptoms recur after a temporary relief, the
patient should be hospitalized and receive treatment under
imaging monitoring until the attack has completely subsided.

Abbreviations: C1-INH, C1 inhibitor; CI1-INH-HAE,
hereditary angioedema due to Cl-inhibitor deficiency; CT,
computed tomography; HAE, hereditary angioedema.

Conlflict of interest: None declared.
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Abstract

Introduction: Hereditary angioedema (HAE) is a rare inherited autosomal dominant disease caused by deficiency or
dysfunction of C1 inhibitor (C1INH). Clinical symptoms include recurrent subcutaneous and submucosal angioedema
of the internal organs. Abdominal attacks affect more than 90% of patients, are often misdiagnosed and result in
unnecessary surgical procedures.

Aim: To analyse the utility of imaging studies (USG, CT) in patients with C1INH-HAE during an abdominal attack
and remission.

Material and methods: We enrolled 40 patients with type | and Il HAE (30 women, 10 men; mean age 39 years).
The diagnosis of C1IINH-HAE was based on patient and family history, significantly reduced values of C1INH serum
level and activity. Abdominal and pelvic ultrasound were performed in patients within the first 6 h of the abdominal
attack and repeated during remission. Moreover, 23 cases underwent abdominal or pelvic computed tomography
during acute abdominal symptoms. The most common ultrasound and CT findings showed the transient presence
of a significant amount of fluid in the free abdominal cavity and intestinal oedema during the symptom progression
and spontaneously disappearing during the seizure in 90% and 50% of patients, respectively. CT revealed also an
enlargement of the mesenteric lymph nodes as well as a fat stranding along the bowel wall thickening.
Conclusions: Ultrasound or CT imaging facilitates the diagnosis of the patient suspected of having an abdominal
attack due to C1INH-HAE. They allow to identify transitional presence of an abundant fluid in the free abdominal

cavity and intestinal swelling which spontaneously disappear with a symptoms attack.

Key words: abdominal imaging, bradykinin, C1 inhibitor, hereditary angioedema.

Introduction

Hereditary angioedema (HAE) is a rare inherited
autosomal dominant disease caused by deficiency or
dysfunction of C1 inhibitor (C1INH) [1-6]. There are two
phenotypes of the disease. Type | affects about 85% of
cases and is characterized by significantly reduced levels
and functional activity of C1INH (by more than 50% com-
pared with normal values). On the other hand, in type Il
serum C1INH levels are normal or slightly elevated, and
only the activity is largely reduced. The clinical course

and symptoms of the disease are similar in both types.
Symptoms include recurrent self-limited subcutaneous
oedema (typically of the hands, feet, face, and genitals);
submucosal oedema affecting the internal organs such
as the upper respiratory tract (throat, larynx), which may
be life-threatening; or gastrointestinal oedema mani-
festing as recurrent abdominal pain, often mimicking
acute abdomen. Oedema is caused by hereditary C1INH
deficiency due to Serpingl gene mutation, which predis-
poses these patients to bradykinin overproduction, which
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induces swelling reactions due to various stimuli [7-9].
Abdominal symptoms constitute a significant diagnostic
challenge, with the necessity to exclude numerous other
causes of acute abdominal pain. Angioedema attacks at
other sites are rare and may affect the urinary tract (blad-
der, urethra, kidneys), musculoskeletal system as well as
pericardial or pleural cavity. Attacks may also present
with neurological manifestations such as headaches,
transient vision loss, and migraine-like symptoms [5, 6].

Abdominal attacks constitute an important problem
in HAE because they affect more than 90% of patients
and occur even up to 2 to 3 times a month. They may
be the first manifestation of angioedema in patients
with C1INH-HAE and may remain the only symptom of
the disease for many years [5, 10-13]. They often lead to
significant delays in accurate diagnosis.

Acute abdominal attacks are common in the general
adult population as well as in paediatric patients [5, 14]. Each
time, it is necessary to exclude other possible causes, such
as appendicitis, diverticulitis, sigmoiditis, mesenteric lymph-
adenitis, intussusception, bowel obstruction, polycystic ovary
syndrome, ovarian or testicular torsion, and intestinal bleed-
ing or ischemia [3, 5, 10]. The diagnosis of an abdominal at-
tack in HAE is based on medical history, including C1INH de-
ficiency confirmed by a laboratory test (significant reduction
in C1INH serum level and C1INH activity in plasma compared
with normal) [4, 15]. The deficiency may be accompanied by
reduced C4 level, especially during the attack. Patients may
report abdominal attacks lasting several days and resolving
spontaneously after 3to 5 days or after CIINH administration.
A positive family history is also commonly reported [3, 5, 6].

The diagnosis of patients with C1IINH-HAE and an ab-
dominal attack is a considerable challenge at emergency,

Genitals (2.5%)

—

Figure 1. Parts of the body affected by edema during the
first hereditary angioedema attack. Data presented as per-
centage of cases (n = 40)

surgical, and gastroenterological units, which often results
in unnecessary surgical procedures such as exploratory
laparotomy [3, 5, 10, 12, 16-20]. Acute abdominal attacks
in the course of HAE often manifest with acute abdomi-
nal pain with cramps, progressing over time and reach-
ing the highest severity after several hours from onset
without concomitant peritoneal symptoms. Pain is often
accompanied by nausea, vomiting, severe flatulence, or
less frequently, diarrhoea. Patients may also present with
significant weakness, most often caused by the presence
of excess peritoneal fluid due to hypovolemic shock [5, 21].

In patients with confirmed ClINH deficiency, the
diagnosis of an abdominal attack may be aided by the
administration ex juvantibus of plasma-derived C1INH,
recombinant human C1INH, bradykinin B2 receptor an-
tagonist —icatibant, or plasma kallikrein inhibitor ecal-
lantide or also fresh frozen plasma. The effectiveness of
these drugs within 1 h from administration confirms an
abdominal attack in C1INH-HAE [3, 5, 22].

Aim

The aim of this retrospective study was to assess the di-
agnostic utility of abdominal and pelvic imaging (ultrasound,
computed tomography (CT)) in patients with CIINH-HAE dur-
ing an abdominal attack and remission. We also aimed to
assess data from medical history and physical examination
performed during an attack to identify any potential criteria
that could aid the diagnosis of HAE attack, facilitate the inter-
pretation of imaging studies, and help assess patient eligibil-
ity for ultrasound or CT imaging during an attack.

Material and methods

The study included 40 patients with C1INH-HAE and
abdominal attacks (30 women and 10 men; mean age:
39 years; range: 1970 years). The diagnosis of C1INH-
HAE was based on the presence of previous subcutane-
ous or submucosal angioedema attacks, a positive family
history, and the measurement of plasma C1INH activity,
serum C1INH and C4 concentration.

Type 1 C1IINH-HAE was diagnosed in 34 patients on the
basis of a reduction of serum C1INH concentration and plas-
ma C1INH activity below 50% as compared to normal values.
Type Il C1INH HAE was diagnosed in 6 patients with normal
value of serum C1 INH concentration and plasma C1INH activ-
ity below 50% as compared to the normal limit —according to
standard criteria [2, 5, 15]. Diagnostic laboratory studies were
performed during remission using the nephelometric meth-
od with a BN100 Nephelometer (Dade Behring). Functional
C1INH activity was measured in plasma with the colorimetric
kinetic method, using a chromogenic assay (Berichrom C1-
Inhibitor and Complement Reagents) and Behring Coagula-
tion Timer analyzer (both Dade Behring).

Of the study group, 30 (75%) patients had a positive
family history. The first angioedema attack occurred be-
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Figure 2. Erythema marginatum

tween the age of 2 and 29 years. The diagnosis of HAE
was established 1 to 41 years after the first attack. Or-
gan involvement at the first episode (Figure 1) was as
follows: abdomen in 18 (45%) patients, hands and feet in
10 (25%), face in 6 (15%), larynx in 5 (12.5%), and genitals
in1(2.5%) patient. Moreover, 19 patients (47.5%) devel-
oped erythema marginatum (Figure 2) before the attack
and independently of the site of skin involvement (most
often on the chest). However, it resolved spontaneously
during the attack.

We retrospectively assessed 84 ultrasounds of the ab-
dominal and lower pelvic regions. Ultrasound examination
was performed in patients during an abdominal attack and
remission. In 10 patients, imaging studies were performed
more than once (2-9 times) during different attacks. More-
over, we assessed abdominal and pelvic CT scans obtained
simultaneously with ultrasound in 23 patients during acute
abdominal attacks. This retrospective analysis covers imag-
ing tests that were performed during approximately 15 years
at different diagnostic imaging units by different clinicians.

Results

The results of this retrospective analysis of imaging
tests performed during acute abdominal attacks are pre-
sented in Figures 3,4 A, B,5 A, Band 6.

Abdominal and pelvic ultrasound performed in the
first hours of acute abdominal attacks (Figure 4 A) in
36 (90%) patients revealed free peritoneal fluid. In some
patients, low fluid volume was present in single perito-
neal pouches in the pelvis, while in others, diffuse fluid
accumulation was observed in the peritoneal cavity and
additionally in several pouches, most commonly the hep-
atorenal recess, subhepatic, and pelvic peritoneal space.
Segmental bowel wall thickening was much less com-
mon (identified in about 30% of patients). In 2 cases, the
only abnormality on ultrasound was mesenteric lymph
nodes, although without enlargement. In all patients, an
ultrasound performed at day 3 of symptom remission

revealed resolution of all abnormalities observed during
the attack. A comparison of ultrasounds obtained sev-
eral times during different attacks showed differences
in findings in terms of the site and extent of intestinal
oedema or fluid volume. Medical history confirmed that
the disease course and severity of symptoms also dif-
fered between these individual episodes.

Abdominal and pelvic CT performed during an attack
(Figure 4 B) showed similar abnormalities to those re-
vealed by ultrasound, but it enabled a more accurate as-
sessment. As with ultrasound, the most common finding
was free peritoneal fluid (80% of patients). However, the
presence of intestinal oedema was more frequent and
more easily identified by CT scans. It also outperformed

% of CT/ultrasound tests

mCT
| Ultrasound

Figure 3. Abdominal and pelvic ultrasound and computed
tomography finding during acute abdominal attack in the
course of hereditary angioedema
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Figure 5. Bowel wall thickening (arrow) on ultrasound (A) and computed tomography (B)

ultrasound in terms of assessing the morphology of the
intestinal wall and mucosal swelling (such as assess-
ment of circular wall thickening, bowel wall stiffness, or
multifocal oedema (e.g., affecting several bowel loops)).
Finally, CT also enabled a more detailed evaluation of
lymph nodes and fat stranding along bowel wall thick-
ening (which is not visible on ultrasound).

Peritoneal fluid on ultrasound is typically homoge-
neous and lacks echogenicity, while CT reveals low den-
sity (approximately 5-20 jH). A laboratory analysis of
intraoperative fluid performed in 5 patients revealed the
features of a transudate, water-like, and sterile fluid with
low neutrophil and mononuclear counts.

Bowel wall thickening involved various segments,
most commonly, the loops of the jejunum, followed by
those of the ileum, duodenum, and colon. Both ultra-
sound and CT revealed 2 distinct types of swelling (Fig-
ures 5A, B and 6):

1) symmetrical segmental thickening of all small
bowel wall layers, with high attenuation of the inner and

outer layers representing the mucosa and muscularis
propria, respectively, corresponding to the so-called Tar-
get sign. This radiologic appearance of the bowel wall
thickening should be differentiated from intestinal lym-
phoma and inflammatory bowel disease, among other
conditions.

2) Segmental thickening of the small bowel mucosal
folds due to submucosal oedema of the folds that run
perpendicular to the long axis of the bowel (so-called
stack of coins sign) and due to intramural blood accu-
mulation secondary to submucosal haemorrhage and
oedema (so-called thumbprint sign), or diffuse bowel
wall thickening. The differential diagnosis should in-
clude intestinal ischemia, Henoch-Schdnlein purpura, or
intramural haemorrhage (due to trauma, haemophilia, or
anticoagulant therapy).

Cases with notable bowel wall thickening on CT also
showed concomitant fat stranding suggesting oedema
and hyperaemia of the adjacent fat tissue and vessels.
These oedematous changes are segmental (self-limited)
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< Bowel wall thickening
= Peritoneal and interloop fluid accumulation
M Intestinal fluid

Figure 6. Computed tomography scan in a patient with ab-
dominal attacks with C1INH-HAE

and can be observed only during acute symptoms as
motility disorders without clinical features of bowel ob-
struction.

Another ultrasound and CT sign of an abdominal at-
tack in our patients was nonspecific swelling of the mes-
enteric lymph nodes, although without enlargement,
which resolved spontaneously after the attack. It was
observed on ultrasound in 10% of patients, and on CT, in
30% (Figure 3).

A detailed medical history allowed us to establish
several criteria suggesting an abdominal attack in a pa-
tient with HAE. In 12 (30%) patients, an abdominal at-
tack was accompanied by external swelling. Some of
the patients reported the attack to be induced by the
following factors: an abundant meal, starvation, dietetic
error, excessive physical exercise, and stress. In some pa-
tients, the attack was preceded by prodromal symptoms
such as bad mood, sleepiness, and irritability. Moreover,
19 (47.5%) patients developed erythema marginatum
several hours before the attack. It slowly progressed over
time and resolved during the attack. Medical history re-
vealed that in our patients the most acute abdominal at-
tack usually manifested with recurrent acute pain, which
worsened over time, reached maximum severity after
several hours, and persisted for about 24 h, then spon-
taneously resolved gradually over 2 to 3 days or 1-2 h
after treatment (Figure 7).

Recurrent pain was associated usually with nau-
sea/vomiting in 34 (85%) patients, watery diarrhoea in
18 (45%) patients, and severe bloating in 30 (75%) pa-
tients. In addition, 6 (15%) patients reported considerable
weakness with hypotension during acute attacks with
vomiting, diarrhoea, and significant ascites. Symptoms
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0-6 h — prodromal stage

6-12 h — symptom development and progression
12-48 h — maximum symptom severity

48-96 h — spontaneous resolution of symptoms

Figure 7. Stages and course of abdominal attacks in pa-
tients with hereditary due to C1 inhibitor deficiency

persisted for 24 h. Finally, in some cases the administra-
tion ex juvantibus of plasma derived C1INH or fresh fro-
zen plasma was reported to stop symptom progression
within 1 h and to result in complete symptom resolution
within a few hours in patients with C1INH-HAE.

The analysis of medical history, physical examination
performed during progression of abdominal symptoms, as
well as medical records revealed the following findings:

1) Several recurrent abdominal attacks in the past,
often with recurrent ascites. They resolved spontaneous-
ly without treatment, usually gradually after 2 to 3 days
from onset or gradually within several hours from C1INH
or fresh plasma administration.

2) In 14 of the 40 (35%) patients, exploratory lapa-
rotomy was performed during the attack. In 8 cases,
it revealed excess peritoneal fluid but did not identify
the cause of the attack. In 5 cases, laparotomy revealed
a concomitant cause of acute abdomen.

3) The analysis of additional laboratory tests per-
formed in patients during an acute abdominal attack
frequently revealed an increased white blood cell count
and haematocrit, reduced activated partial thromboplas-
tin time, and less frequently, highly elevated D-dimer
levels (without radiologic signs of vascular coagulation).
The least common finding was an increased C-reactive
protein level.

As mentioned above, exploratory/diagnostic lapa-
rotomy was performed in 13 of the 40 patients (33%). In
8 cases, no surgical cause of acute abdominal pain was
found. It only revealed the presence of free peritoneal
fluid and, rarely, segmental bowel thickening. However,
in 5 cases, concomitant causes of acute abdomen were
found, including acute appendicitis in 3 patients, rup-
tured ovarian cyst in 1 patient, and duodenal ulcer perfo-
ration in 1 patient (perforation causing acute abdomen

days
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occurred on the third day of recurrent abdominal attacks
in the course of C1INH-HAE).

Discussion

Acute abdominal attacks and external swelling are
the most common symptoms of C1INH-HAE.

According to the results of our research, attacks oc-
cur in more than 90% of patients with C1IINH-HAE and
constitute a considerable diagnostic challenge for emer-
gency clinicians, surgeons, gastroenterologists, and gyn-
aecologists, requiring a differential diagnosis with nu-
merous other possible conditions presenting with acute
abdomen [5, 10, 14, 17, 19, 20, 23-26].

Therefore, patients are commonly misdiagnosed and
receive inappropriate treatment including unnecessary
exploratory laparotomy [3, 5, 10, 12, 16-20, 23]. Finally,
abdominal attacks cause long delays in diagnosis, even
up to several years, especially when they are the only
presenting symptom of HAE [11, 13, 19, 20, 27-31]. There-
fore, numerous investigators have emphasized the clini-
cal value of abdominal and pelvic imaging and the neces-
sity to introduce these modalities into regular diagnostic
workup of patients with abdominal attack in the course
of CLINH-HAE [3, 5, 6, 23, 26, 32—34].

Our analysis of abdominal and pelvic imaging (ultra-
sound and CT) in patients with an abdominal attack in
the course of C1INH-HAE revealed 2 characteristic find-
ings, namely, the presence of free peritoneal fluid (in
more than 90% of patients) and segmental bowel wall
or mucosal thickening (in about 50% of patients). These
observations are consistent with the results of other
studies to date [5, 6, 10, 11, 17, 18, 27, 34-38].

In addition, evaluation of imaging findings as well as
medical history data allowed us to identify several char-
acteristic features of free peritoneal fluid. These included
variable fluid volume over subsequent attacks, which
correlated with pain symptoms, as well as its spontane-
ous resolution or resolution after ex juvantibus treat-
ment [3, 5, 10, 22, 23]. According to Agostoni et al. [6]
and the results of our findings, the appearance of fluid
on ultrasound or CT imaging during an abdominal attack
in patients with C1INH-HAE depends on its volume. Small
fluid accumulation is often visible in the subhepatic/sub-
splenic region and always in the pouch of Douglas. On
the other hand, larger fluid volume can be seen in the
perisplenic region and between bowel loops (which are
often oedematous and thickened). Freely floating loops
suggest excessive fluid volume.

The presence of fluid during an abdominal attack in
patients with HAE requires exclusion of other causes,
such as dissemination of neoplastic disease, decom-
pensated cirrhosis of the liver inflammatory diseases,
nephrotic syndrome, protein-losing enteropathy, or mes-
enteric venous thrombosis. An important aspect to con-
sider in the differential diagnosis is the rate of fluid ac-

cumulation and resolution. Significant ascites in a patient
with an abdominal attack may be complicated by severe
weakness. This results in hypovolemic shock if a large
volume of fluid leaks into the intestines and peritoneal
cavity, especially when accompanied by vomiting or di-
arrhoea (which can be easily established on the basis of
medical history) [5, 10, 21, 22, 29, 34, 35, 37, 39]. In such
cases, apart from excess free fluid in the abdomen or pel-
vis, imaging reveals also the leakage of watery fluid into
the intestines, which results in watery diarrhoea seen in
many patients during an attack.

As stated above, another characteristic radiologic
finding in patients with C1INH HAE during an abdominal
attack was segmental oedema of bowel wall or mucosal
thickening, seen on ultrasound in 25% of patients and on
CT in 50% of patients. It involved all layers of the bowel
wall over a segment of more than 10 cm in length. Most
often, it was localized in the small bowel, which is in line
with the results of previous studies [5, 6, 33-35].

Exclusion of mesenteric venous thrombosis in pa-
tients with HAE and an abdominal attack is a common
problem associated with the presence of elevated D-
dimer levels, especially in attacks related to abnormali-
ties of the kinin, coagulation and fibrinolysis systems in
patients with bradykinin-mediated angioedema typical
for patients with C1INH-HAE [10, 23, 40, 41].

About 20% of patients with acute abdominal attack
did not present with typical findings on CT. This may be
due to the fact that CT study was performed too early or
too late, because the presence of fluid during an attack in
patients with C1INH-HAE is transient and resolves spon-
taneously with other symptoms of the attack [5, 10]. In
8 cases, abdominal CT revealed single nonspecific and
low amounts of fluid in the bowels. In 2 patients, the ra-
diologic diagnosis of partial intestinal obstruction was
not confirmed by subsequent surgical follow-up.

Follow-up ultrasound and CT performed during spon-
taneous remission or after treatment revealed complete
resolution of abnormalities observed during an attack,
which is in line with other studies [5, 6, 23, 33]. Therefore,
recurrent fluid and its spontaneous resolution as well as
segmental bowel thickening are considered to be the typ-
ical symptoms of an abdominal attack in patients with
HAE. Medical history and records obtained from these
patients often reveal recurrent attacks with ascites, last-
ing a few days, and resolving spontaneously, which can
be of great help in assessing ultrasound and CT images
in an abdominal attack in a patient with C1LINH-HAE as
well as in qualification to perform these tests.

Considering the above, recurrent ascites during pro-
gression and the most acute stage of abdominal pain,
which resolves during the attack, may be a specific sign
or symptom of an abdominal attack in patients with
C1INH-HAE [5, 10, 34-37]. Therefore, when evaluating
abdominal ultrasound or CT findings during an abdomi-
nal attack in patients with C1INH-HAE or in patients with
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a suspicion of acquired C1INH deficiency in the course
of other conditions [2—-6, 10, 3235, 37], it is important
to remember that the presence and amount of free ab-
dominal fluid is variable and transient. The fluid may be
completely absent or present only in small amounts, both
in the early stage of the attack and during resolution of
abdominal symptoms.

As stated above, when interpreting abdominal im-
aging findings or referring patients for imaging tests to
establish the cause of an abdominal attack in patients
with CLINH-HAE, it is especially important and valuable
to consider data from medical and family history, physi-
cal examination of the patient during an attack, as well
as the characteristic presentation of the attack itself. The
typical clinical signs and symptoms that can be recog-
nized on the basis of medical history and that fulfil the
diagnostic criteria for an abdominal attack in C1INH-HAE
include recurrent abdominal attacks lasting several days,
often with concomitant vomiting, and resolving gradu-
ally and spontaneously within 3 to 5 days. They may be
accompanied by localized external swelling or erythema
marginatum. The diagnosis is facilitated by a positive
family history or confirmed C1INH deficiency in medical
records. Medical history may also report the effectiveness
of plasma-derived C1INH administered during the attack
[5, 22].

The analysis of data from exploratory laparotomies
performed during an abdominal attack in a patient with
ClINH-HAE may be particularly valuable. In our study,
laparotomy was performed in 33% of patients. In 8 cas-
es, no surgical cause of acute abdominal attack apart
from ascites and, less frequently, segmental bowel wall
thickening was revealed. This confirms that laparotomy
is often unnecessary in these patients, as previously re-
ported by other authors [5, 6, 10, 19, 20, 23]. Patients with
ClINH-HAE with isolated abdominal attacks constitute
an important diagnostic challenge [23, 27-29, 35, 37].
In our study, an abdominal attack was the first, and for
some time the only, symptom of HAE in as many as 45%
of patients with C1IINH-HAE, often children, which is in
line with previous reports [5, 6, 14]. Our results as well
as available literature data allow us to assume that an
abdominal attack in C1IINH-HAE may be recognized us-
ing ultrasound imaging on the basis of segmental bowel
wall thickening as well as significant fluid accumulation,
both resolving spontaneously, usually by the end of day
2 of the attack. Ultrasound examination is easily acces-
sible, safe, and quick to perform. On the other hand,
abdominal or pelvic CT provides more details that al-
low clinicians to assess the severity and extent of bowel
thickening, examine mesenteric lesions, and evaluate
the volume and distribution of free peritoneal fluid.
Moreover, it makes it possible to exclude other potential
causes of an acute abdominal attack, such as appendi-
citis, diverticulitis, or gastrointestinal perforation [10, 19,
20, 40]. However, CT examination is not always feasible

in patients with C1IINH-HAE with acute abdomen, who
require prompt management due to a severe clinical con-
dition, as reported previously by numerous other authors
[10, 17,19, 20, 33, 35].

Importantly, if CLINH-HAE is suspected in a patient
with an acute abdominal attack, it is necessary to as-
sess C1INH levels and functional activity as well as C4
level. An immediate measurement is not always possible
in an acute state, but it allows the final diagnosis to be
established. This is important because similar abdomi-
nal attacks may also occur (although rarely) in patients
with acquired angioedema due to C1INH deficiency in the
course of other conditions such as T-cell proliferative dis-
ease or autoimmune diseases as well as in response to
angiotensin-converting enzyme inhibitors [2, 3].

Conclusions

Abdominal and pelvic ultrasound and CT are valuable
diagnostic tools in patients with abdominal attacks in the
course of C1INH-HAE, provided that they are performed
during symptom progression or highest symptom sever-
ity.

Ascites and segmental bowel thickening are the most
common self-limited symptoms of abdominal attacks in
patients with CIINH-HAE, and they resolve spontaneously
or after administration of an appropriate treatment.

Medical history (recurrent abdominal attacks, espe-
cially with ascites, confirmed ClINH deficiency, positive
family history) and the presence of external swelling as
well as erythema marginatum on physical examination
during an attack are useful clinical criteria for radiological
recognizing an abdominal attack due to C1INH-HAE. They
may be used to aid the interpretation of imaging findings
or when assessing patient eligibility for imaging tests.
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Abstract

Abdominal angioedema attacks are a frequent and typical symptom of hereditary angioedema (HAE) but very often
generate diagnostic problems. The study presents laboratory and clinical findings of 7 patients with HAE 1/2
hospitalized due to severe attacks. In all cases, at admittance severe abdominal pain, flatulence, strong weakness,
different grade of nausea/vomiting or diarrhoea and abundant free fluid in peritoneal cavity were present. In the
history of all patients, recurrent 2 to 3 day long abdominal attack with ascites, were announced. Laboratory data
done before the treatment showed elevated leukocytosis, hematocrit, serum glucose, high D-dimers and decreased
value of APTT. All patients had an abdominal ultrasound examination, in 5 patients additional abdominal angio-CT
was performed to exclude thromboembolic episode. The infusion of human C1 inhibitor concentrate was
administered as causative treatment. Completely withdrawal of symptoms was noted up to72 hrs after infusion. In
addition all laboratory parameters normalized as well as the free fluid in abdominal cavity disappeared, however, D-

dimers serum level despite a decreasing tendency reached the normal range just after 2 weeks.

Keywords: CI inhibitor; Abdominal attack; Hereditary angioedema; Ascites, D-dimers

1. Introduction

Hereditary angioedema (HAE) is one of bradykinin dependent edema. Is inherited in an autosomal dominant
manner. It is caused by one of more than 450 different mutations in SERPINGI gene, which codes C1 inhibitor (C1-
INH). The new mutations in first patient’s generation are responsible for the diseases in approximately 20-25% of
cases. There are two types of HAE. The first type (HAE 1) is associated with the lack of C1-INH protein and the
second type (HAE 2) with decreased activity of C1-INH. The estimated disease incidence is 1 in 50,000 individuals
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and varies depending on the region [1-3]. During the course of both types of HAE, the attacks of angioedema are
localized in the skin or mucous of the respiratory and gastrointestinal tract [4, 5]. The bradykinin angioedema attack
differs from other swellings, including the most common histamine- dependent swelling, in longer duration, slower
build-up phase, lack of urticaria, lack of pruritus and presence of prodromal symptoms [3]. Abdominal attacks are
one of the most common forms of HAE. Intestine oedema leads to partial or complete bowel obstruction. Abdominal
attack symptoms are pain, nausea, vomiting and diarrhoea. It might lead to hypovolaemia and shock. Both
abdominal and laryngeal attacks are life-threatening conditions. In the past, surgical treatment of HAE abdominal
attacks was the most common mistake as a result of lack of, or wrong differential diagnosis [4, 5]. The typical
edema treatment, like anti- histamine drugs, systemic steroids or adrenaline in bradykinin dependent edema, is
ineffective. It requires administration of human or recombinant C1-INH, a bradykinin receptor blocker or a
kallikrein inhibitor. Late drug administration affects the slower regression of symptoms and may complicate the
differential diagnosis of other causes of acute abdominal pain [3]. Physicians at the emergency units may face these
problems. The aim of the study was the retrospective analysis of patients with HAE abdominal attacks who were

hospitalized due to the severity of the attacks.

2. Materials and Methods

Seven adult patients (5 women & 2 men between the age of 18 to 57 years) with C1-INH HAE type 1/2, diagnosed
and treated in our outpatient HAE Center, were enrolled in the study. They fulfilled the criteria of prolonged
hospitalization over 24 hours due to very severe abdominal attacks. Their clinical characteristic are summarized in
Table 1. Family history was positive in 4 patients. The mean age of the first onset of angioedema was 8.7 yrs ( 3-15
yrs). In all patients case history revealed the presence of 2 to 4 days long abdominal attacks followed by efficient
treatment with the infusion of C1-INH concentrate. In 4 cases, abdominal symptoms were connected with recurrent
ascites, disappearing together with the abdominal symptoms. In 2 patients (no 2 & 6) abdominal attacks were the
only symptom of the disease. The diagnosis of C1-INH HAE type 1 or 2 was based on; case and family history, and
an estimation of antigenic C1-INH C4 level as well as functional C1-INH. The C1-INH and C4 serum levels were
determined during remission using the nephelometric metod on Behring Nephelometr 100 analizator. Activity of C1
inhibitor (fC1-INH) was measured with the colorimetric kinetic method using a chromogen substract (Berichrom C1

Inhibitor &Komplement Reagents - DADE Behring) on Behring Coagulation Timer analyser.

Medical history from local emergency units was analysed. At admission, the general state of patients was very
serious because of the abdominal pain, weakness and flatulence, diarrhea or vomiting. In 3 patients, besides severe
abdominal symptoms, peripheral angioedema was present. Clinical symptoms were evaluated from the medical
history using the popular symptom score (no symptoms, mild, moderate and severe) with a scale of 0 to 3.
Laboratory tests of white blood cells (WBC), hematocrit (Hct), C-reactive protein (CRP), serum glucose level,
APTT and D-dimers serum level was determined and abdominal ultrasonography (abdominal USG) was conducted.
All clinical symptoms, laboratory and ultrasonography were analysed twice; at admission and after the 72 hours.

Five cases (case no 1-5) required angiography computed tomography (A-CT), at admission, in order to exclude

thrombosis in visceral vessels.
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3. Results

Results of the study are presented in Table 2. In all 7 patients at admission a high symptoms’ score of 3 was noted
because of severe abdominal pain, strong flatulence, weakness, diarrhea or vomiting. In cases no 1, 2, 3, 6 and 7
strong weakness was observed with hypotension. In 3 cases (no 1,4 and 5) additional attacks of peripheral skin
angioedema (face, arm, hand) were present. The image of abdominal cavity and small pelvis ultrasonography
revealed the presence of significant amounts of intra-abdominal fluid and 4 cases exhibited regional bowel edema.
In all cases, at admission, high leukocytosis, hematocrit and elevated glucose serum levels were noted as well as
very high D-dimers serum level. In 5 cases (no 2,3,4, 6 & 7) CRP was elevated (in case no 6 the increase of CRP

was extremely high). In cases 1 through 5 the value of APTT was somewhat decreased.

All patients received infusion of C1-INH concentrate at the hospital. In 5 cases (no 1-3 & 6 and 7) additional
infusion of fluid was necessary because of dehydration symptoms and decreasing blood pressure. In all cases, time
from the onset of symptoms was no longer than 4 hours. Symptoms which patients had at the time of attack
gradually diminished after the infusion, but complete resolution was observed not sooner than at the 72 hour control
exam. In addition, the 72 hour control exam revealed leucocytosis, Htc and serum glucose levels which returned to
norm. Initial elevated CRP levels noted in cases no 2,3,4 and 7 also normalized. Only in case no 6, with extremely
severe symptoms, pain localized in the appendix region, and the highest value of CRP at admission, the CRP
decreased to 66 mg/l despite the disappearance of all abdominal symptoms. The complete normalization of this
parameter in this patient was noted two weeks later without any additional medical intervention. Very high D-dimers
serum level were revealed in 6 patients at admission and remained high. Their level normalized at the control exam
performed 2 weeks later (Table 2). In 5 cases the slightly decreased APTT values returned to norm. In all patients,
abdominal ultrasonography at admission revealed the presence of abundant fluid in the peritoneal cavity. No fluid in

4 cases and trace amounts in 3 cases were revelled after 72 hours.

In 5 cases (1-5) the angio-CT examination was done to exclude thromboembolic changes in visceral vessels due to

severe clinical symptoms, high D-dimers, and slow regression. The result was negative.

4. Discussion

The current recommendation is that attacks are treated as early as possible. Early treatment is associated with shorter
time to resolution of symptoms and shorter total attack duration regardless of attack severity and localization. All
patients with HAE -1&2 should be considered for at-home therapy and self-administration training [3]. In our group
of patients, late drug administration in hospital was probably one of the reasons of severity and prolonged duration
of attacks. Despite adequate treatment, the course of the attacks may be more severe. It often requires

hospitalization, additional test and examinations [5-7].

A severe course of abdominal attack is a result of pain and vasodilation, massive fluid extravasation with edema of
the bowel wall. Ascites, as well as the fluid loss due to vomiting and diarrhea, may lead to considerable

hypovolemia and hemoconcentration. When this process occurs rapidly, is responsible for the clinical circulatory
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symptoms ranging from light headedness to shock of variable severity. Bork and all showed that a circulatory
collapse occurred in 4.4% of all attacks. Dehydration was the explanation for high: leucocytosis, Htc and glucose in

patients no 1,2,3, 6,7 [5].

CRP values in 4 cases (no 2,3,4 and 7) were significantly elevated and returned to the norm with disappearance of
the symptoms. A Japanese study by Ohasawa et al. concluded that the CRP values during the course of the HAE
attack should remain normal [8]. In their opinion CRP is one of the parameters that facilitate differential diagnosis
with other acute abdomen reasons. Hofman et al. showed different results CRP levels were elevated in a substantial
proportion of asymptomatic HAE patients and increase significantly during an abdominal attack. The possible
explanation is low-grade systemic inflammatory reactions — cytokine mediated CRP liver production- in HAE

patients as well as a triggering event for attacks that starts prior to symptom onset [9].

High level of D-dimers and decreased value of APTT was observed at the admission to hospital in 6 and 5 patients
respectively. These observations confirm the study results of Reshef et al. [10], indicating that elevated D-dimer
level is often associated with the initial phase of acute submucosal/abdominal attack of HAE normalizing gradually
together with withdrawal of symptoms. In HAE patients the absence of normal inhibition by C1-INH increased
fibrinolytic activity during attacks and even in remissions [11-17]. Shortened APTT is a consequence of the C1-INH
deficiency and a sign of the latent activation of the kallikrein-kinin system and the intrinsic clotting system [18].
Inflammation and an acute phase reaction may result in APTT decrease. In clinical practice, elevated plasma D-
dimers are considered biomarkers of extensive thrombosis but are also elevated in certain nonpathologic conditions
[19]. Despite evidence of extensive activation of both coagulation—contact and fibrinolytic systems, relatively low
rates of spontaneous thromboembolic events have been reported in patients with C1-INH HAE [10]. In our group of
patients with elevated CRP and D-dimers together with severe course of attacks needed additional examinations
(USG, angio-CT) to exclude thromboembolic events and inflammations. Typical imaging examinations findings
confirming abdominal HAE attacks are thickened bowel wall and ascites [20-23]. CT and angio-CT is the most
exact, but not always available imaging modality confirming the abdominal HAE attack and excluding
thromboembolic events [24, 25]. In recurrent and frequent abdominal attacks ultrasound may be able to reduce
cumulative ionizing radiation exposure from repeated CT. Ultrasounds allow for rapid assessment of patients, with
HAE, who complain about abdominal pain and can also be useful in excluding other diagnoses such as appendicitis,

ectopic pregnancy, and biliary disease [20-23].

5. Conclusions
1. HAE abdominal attacks despite casual treatment, can be severe and requiring hospitalization.
2. There are findings both in laboratory tests and USG examination confirming dehydration and displacement
of fluids during an attack.
3. Imaging tests (USG, CT) confirm the abdominal HAE attack. Elevated CRP and D-dimers are very often
present, but there is no specific laboratory test for the HAE abdominal attack. All possible tests should be

performed to exclude other diagnosis in patients with severe abdominal HAE attacks.
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Podsumowanie badan - material i metody:

Do badania wtaczono 322 chorych (230 kobiet i 102 m¢zezyzn w wieku 4-70 lat),
z rozpoznaniem CIINH-HAE typ 1 i 2 ustalonym na podstawie wywiadu, badania
fizykalnego w remisji 1 napadzie oraz badan laboratoryjnych obejmujacych oznaczenie
w surowicy poziomu C1 INH oraz C4 i poziomu aktywnosci C1 INH w plazmie.

Aktywnos¢ C1INH byta oceniana z zastosowaniem Berichrom Cl-inhibitor assay
(Siemens Healthcare Diagnostics, Deerfield, IL, USA).

Poziom C1 INH 1 C4 w surowicy oznaczano metodg nefelo metryczng (Siemens

Healthcare Diagnostics, Deerfield, IL, USA)

Analizie retrospektywnej poddano:
a. wywiad obejmujacy objawy napadowe obrzeku, ich lokalizacje, czestos¢ 1 przebieg
napadow, objawy zwiastujace napad i skutecznos¢ lekow oraz wywiad rodzinny
b. laboratoryjne badanie poziomu i aktywno$ci C1INH oraz C4
c. wyniki badan obrazowych (USG/CT ) jamy brzusznej oraz miednicy wykonanych

u chorych z napadami brzusznymi w okresie ostrych objawdw brzusznych i w remis;ji.

Podsumowanie wynikow badan:

Przeprowadzone badania wykazaty:

1. Sposrod 322 chorych objetych badaniem u 274 chorych (co stanowi 85% badanych (190
kobiet i 84 mezczyzn w wieku 4-70 lat).) wykazano obecno$¢ napadow. Czesto$¢
napadéw brzusznych w tej grupie chorych wahata si¢ od 1 do 15 na rok. U 49% bada-
nych napady brzuszne byly pierwszym i1 czasami przez wiele lat jedynymi objawami
choroby. Napady kazdorazowo stanowily problem diagnostyczny warunkujacy prawid-
towe leczenie.

2. Rozpoznanie ulatwiaty:

a) dodatkowe objawy towarzyszace objawom brzusznym, jak np. rumien brzezny
wystepujacy u 45% badanych, zewnetrzny obrzek naczynioruchowy towarzyszacy
napadowi brzusznemu u 30% chorych lub obrzek krtani obecny u 10% chorych

b) charakterystyczne cechy i przebieg napadéw brzusznych mozliwe do analizy na
podstawie wywiadu z chorym:

- 2-5 dniowy przebieg, rozna czestos¢, zwykle trudna nieuchwytna przyczyna
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wielogodzinne narastanie nasilenia boli czasem o zmiennej lokalizacji zwykle silne
wzdecie, wymioty lub biegunka oraz spontaniczne powolne ustgpowanie objawdéw od
2-3 doby

w przypadkach z ustalonym rozpoznaniem podanie rekomendowanych lekow
(C1INH, ikatybant, ecallandyna) do 1-2 godzin powodowato wstrzymanie rozwoju
dolegliwos$ci brzusznych i ich ustgpowanie w krotkim czasie (do kilku godzin).
trudnosci diagnostyczne u 58 chorych (21%) byly przyczyna zwiadowczej laparotomi,
ktora w 48 przypadkach (80%) nie wyjasniala przyczyny napadu brzusznego,
a najczesciej ujawniata jedynie obfitg ilos¢ ptynu w jamie brzusznej - w 12 pozos-
tatych przypadkach laparotomia wykazala przyczyne obrazu ostrego brzucha —
najczesciej wynik ostrego zapalenia wyrostka robaczkowego

analiza badan obrazowych (USG/CT jamy brzusznej i miednicy) wykonanych
w okresie narastania objawow brzusznych ujawniata czg¢sto obecnos¢ wolnego ptynu
w jamie otrzewnej, a takze odcinkowy, okrezny obrzek $ciany jelit. Dodatkowo
w badaniu CT w/w zmianom czgsto towarzyszyt obrzgk weztow chionnych
krezkowych oraz ptyn w $wietle jelit. Kontrolne badania wykonane w okresie
ustepowania  dolegliwosci brzusznych lub w okresie pelnej remisji objawow
ujawniaty catkowite ustgpowanie w/w zmian zarowno w samoistnej remisji jak i po
zastosowaniu rekomendowanego leczenia farmakologicznego. Jedynie 56 0s6b
z posrod 274 chorych (ok 20%) sposrod zebranego retrospektywnie materiatu miato

wykonane badanie obrazowe w czasie wystepowania objawoOw brzusznych.
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WhiosKki:

l.analiza retrospektywna 322 chorych (dorostych i dzieci) z wrodzonym obrzekiem
naczynioruchowym na tle niedoboru CI1-INH typu I i II ( choroba rzadka) wykazata
obecno$¢ ostrych nawracajacych napadéow brzusznychu ponad 85% badanych I
kazdorazowo napady te stanowity problem diagnostyczny. W 49% przypadkoéw byly one
pierwszym, czasami jedynym objawem choroby. U 21% chorych byly przyczyna
niepotrzebnej laparototomii eksploratywne;.

2 analiza badan obrazowych (USG/CT) jamy brzusznej i miednicy wykonywanych podczas
napadu brzusznego u chorych z HAE wykazata najczeséciej pojawiajace si¢ w okresie
narastania ostrych objawdw brzusznych odcinkowy obrzek jelit oraz obecno$¢ obfitego
ptynu w jamie otrzewnej, a takze ich ustgpowania wraz z dolegliwo$ciami — co wskazuje
na ich diagnostyczng warto$¢.

3. wykazano istotng zalezno$¢ zmian widocznych badan obrazowych z obrazem klinicznym
pacjenta w trakcie ostrych objawow brzusznych pozwalajagca na monitorowanie i przebiegu
napadu brzusznego a takze na ocen¢ skutecznosci jego leczenia.

4. wykazano, ze w radiologicznej ocenie zmian obrazowych jamy brzusznej i miednicy
(zwlaszcza USG) wykonanych w napadzie brzusznym u chorych z C1 INH HAE istotnie
pomocne moga by¢ dane z wywiadu (potwierdzony u chorego niedobor C1 INH, obecnos¢
w wywiadzie nawracajacych kilkudniowych napaddéw brzusznych, zwlaszcza z samo
ustepujacym wodobrzuszem) a takze obecno$¢ widocznego w badaniu fizykalnym
towarzyszacego napadom brzusznym obrz¢ku naczynioruchowy tkanek zewngtrznych
lub obecno$¢ rumienia brzeznego.
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Streszczenie:

Wrodzony obrzek naczynioruchowy jest rzadka choroba genetyczng (1:50 tys)
spowodowang niedoborem C1 inhibitor (CI-INH - glownego inhibitora produkcji kinin).
wskutek réznorodnych mutacji jego genu (SERPINGI). Objawy tej choroby (Hereditary
angioedema — C1INH-HAE) charakteryzuja si¢ nawracajagcymi napadami 2-5 dniowego
ograniczonego obrzgku tkanki podskornej (najczesciej dioni, stop, twarzy) lub podsluzowe;j
np. jelit czy gornych droég oddechowych o roznej czestosci (1-15 1 wigcej na rok) a takze o
roznym nasileniu. Obrzeki te sg oporne na leczenie glikokortykosterydami (GKS) i lekami
przeciwhistaminowymi. Napady obrzeku naczynioruchowego u chorych z tym schorzeniem
sa indukowane bradykining (BK), ktorej produkcja jest regulowana w warunkach
prawidlowych inhibitorem C1-INH. - gtdwnym inhibitorem generacji kinin.

Szczegdlnym problemem s3 napady obrzgku tkanek podsluzowych narzadow
wewnetrznych. W przypadku zajecia drog oddechowych co wystepuje stosunkowo rzadko
stanowig zagrozenie dla zycia przez zwezenie S$wiatta gornych drog oddechowych.
W przypadku czesto wystepujacych napadéw obrzekow tkanki podsluzowkowej réznych
rejondéw przewodu pokarmowego sg przyczyng ostrych napadow brzusznych wymagajacych
kazdorazowo réznicowania z ostrym brzuchem. Prawidlowe rozpoznanie przyczyny napadu
brzusznego u chorych z CI1-INH-HAE umozliwia wlasciwe jego leczenie skutecznymi
rekomendowanymi lekami oraz pozwala ograniczy¢ powiklania oraz ilo$¢ wykonywanych
zwiadowczych zabiegéw chirurgicznych.

Celem pracy byly:

1. retrospektywna analiza problemow diagnostycznych i leczniczych napadow brzusznych
u 274 chorych (dorostych 1 dzieci) z wrodzonym obrzekiem naczynioruchowym
w przebiegu niedoboru CI1-INH typu 1 I1.

2. ustalenie przydatnosci badan obrazowych (USG/CT) jamy brzusznej i miednicy w roz-
wigzywaniu probleméw diagnostycznych napadéw brzusznych u chorych z wro-
dzonym obrzgkiem naczynioruchowym na tle niedoboru C1 inhibitora — (Hereditary
angioedema due to Clinhibitor deficiency).

3. ocena przydatnosci badan obrazowych badan w monitorowaniu skuteczno$ci leczenia
napadu brzusznego u chorych z tym schorzeniem.

4. ustalenie warto$ci pomocniczej roli w interpretacji zmian stwierdzanych w badaniach
obrazowy jamy brzusznej w tgcznosci z wywiadem i1 z badaniem fizykalnym w roz-
poznaniu przyczyn napadowych dolegliwos$ci brzusznych u pacjentow z HAE.
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Analizie retrospektywnej poddano 274 chorych (190 kobiet i 84 mezczyzn w wieku
$rednim 36 lat (4-70)) z rozpoznanym C1-INH-HAE typ 1 i 2 i nawracajacymi napadami
brzusznymi w jego przebiegu wytonionych z grupy 322 chorych z tym schorzeniem, co
stanowi 84,6% chorych pozostajacych w stalym leczeniu Centrum HAE Szpitala
Uniwersyteckiego w Krakow 1 potwierdza wysoki odsetek chorych z napadami brzusznymi w
przebiegu tego schorzenia. Wyniki badan opracowano i wydano w formie 3 prac (2
oryginalne 1 1 kazuistyczna). Wykazano, ze w 49% przypadkow napady brzuszne bytly
pierwszym objawem choroby, zwlaszcza u dzieci i czesto przez wiele lat jedynym co bylo
przyczyng wieloletnich opdznien rozpoznania choroby, jej prawidlowego leczenia, zbednych

laparotomii eksploracyjnych i powiktan.

Cechg charakterystyczng napadow brzusznych u tych chorych byto wystepowanie
nawracajagcych 2-5 dniowych napadéw boli brzucha narastajacych wiele godzin
1 ustepujacych samoistnie stopniowo przez 2-3 dni. Nasilenie i lokalizacja dolegliwos$ci byty
zmienne, czgstos¢ zréznicowana, a przyczyna czg¢sto nieuchwytna. Towarzyszyto im silne
wzdecie, nawracajacy silny kolkowy bol brzucha, wymioty lub biegunki, ostabienie, czasami

uczucie suchosci i objawy odwodnienia.

Szczegotowa analiza przebiegu napadéw pozwolita wskaza¢ na charakterystyczny ich
fazowy przebieg. U czesci chorych napad poprzedzata faza objawdw zwiastujacych napad, po
ktoérej pojawiata si¢ kilkugodzinna (do 12 godzin) faza narastajagcych objawdéw bolowych,
silnego wzdecia, wymiotow/biegunek, ostabienia. Nastepnie w przypadkach nieleczonych
nastgpowatl wielogodzinny (zwykle do 24 h) okres objawdéw szczytowych konczacy sie

spontanicznym stopniowym ich ustgpowaniem trwajacym 1-2 dni.

Obecnos$¢ objawow zwiastunowych, pojawiajacych si¢ zwykle kilka godzin przed
napadem ostrych objawdw brzusznych wykazano u 45% chorych. Najczestszym wsrod nich
rumien brzezny narastajacy stopniowo 1 ustepujacy wraz z objawami napadu brzusznego.
Do innych nalezaly zmiany nastroju, ostabienie, bdle migéni, sennos¢. 35% chorych
wskazywalo na obfity positek, stres, infekcje lub znaczny wysitek fizyczny jako czynniki
prowokujace napad. 30% chorych zglaszato rownocze$nie wystepowanie w napadzie

brzusznym obrzgkdéw podskornych zwykle dtoni, stop lub twarzy.

21% (58 chorych) w napadzie brzusznym mialo wykonang laparotomi¢ zwiadowcza
wskutek trudnosci w ustaleniu przyczyny napadu u 45 chorych (78%) laparotomia nie
ujawnita przyczyny napadu, wykazano jedynie obecno$¢ wolnego ptynu w jamie otrzewne;j
lub/i odcinkowy obrzek petli jelit. W 12 przypadkach laparotomia wykazata przyczyneg

objawow — w 9 przypadkach bylo to ostre zapalenie wyrostka robaczkowego oraz w 3 przy-
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padkach niedroznos$ci przewodu pokarmowego na wskutek wgtobienia jelita w przebiegu
napadu HAE. U 1 chorego stwierdzono perforacje bezobjawowego owrzodzenia dwunastnicy
w toku przedtuzajacego si¢ napadu brzusznego HAE.
W objetej analizg grupie chorych diagnostyczne badanie obrazowe jamy brzusznej
1 miednicy (USG/CT) w napadzie ostrych objawow brzusznych wykonywane byto jedynie
u 56 chorych (20%) warunkowane stanem chorego i1 dostgpnoscia do aparatury. U 60% z tej
grupy chorych wykazano obecno$¢ obfitego ptynu w wolnej jamie brzusznej/ miednicy
i odcinkowego obrzeku jelita cienkiego. W badaniu CT obserwowano ponadto poszerzenie
wezlow kreskowych wzdhuz $ciany obrzektego jelita. Zmiany te byty przejSciowe, obecne
jedynie w okresie ostrych, narastajacych objawow brzusznych. Ustgpowaly spontanicznie
wraz z objawami, zwykle od drugiej doby napadu wraz z objawami brzusznymi lub do
2 godzin po podaniu rekomendowanych lekéw (pdC1INH lub icatibant).
Badania obrazowe jamy brzusznej (USG/CT) w =zaleznos$ci od stanu pacjenta
i dostgpnosci aparatury sa pomocnym, narzedziem diagnostycznym, umozliwiajagcym
diagnostyke 1 monitorowanie skuteczno$ci leczenia w ostrym napadzie brzusznym
u pacjentow w przebiegu HAE, a takze na diagnostyke réznicowa innych choréb dajacych
objawy ostrego brzucha zmniejszajac tym samym ilo§¢ mylnych rozpoznan i1 zbednych

laparotomii zwiadowczych.
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Abstract

Hereditary angioedema (HAE) due to Cl-inhibitor (C1-INH) deficiency is a rare
hereditary disease characterized by recurrent subcutaneous or submucosal angioedema due to
uncontrolled bradykinin production caused by CI-INH dysfunction. Submucosal
gastrointestinal swellings provoking abdominal attacks are common and mimic acute
abdomen, thus constituting a diagnostic challenge. We aimed to investigate the difficulties in
diagnosing abdominal attacks in patients with C1-INH-HAE and to assess the diagnostic
value of medical history, the course of the attack, abdominal imaging, and treatment efficacy.
The retrospective analysis of diagnostic problems and treatment complications of abdominal
attacks in 274 patients with C1-INH-HAE were performed. The value of history, laboratory
findings, prodromal symptoms and course of attacks and imaging were assessed. Abdominal
attacks were confirmed in 274 of the 322 patients (85%; 190 women and 84 men; age, 4-70
years). In 49% of cases, the abdominal attack was the first and the only symptom for years.
The simultaneous presence of marginal erythema (45% of cases), subcutaneous edema (30%),
and pharyngo-laryngeal edema (10%) facilitated the diagnosis of an abdominal attack due to
C1-INHHAE. Abdominal attacks manifested with recurrent acute abdominal symptoms
lasting 2 to 5 days. The disease course was characterized by the phase of progressive
prodromal symptoms followed by peak symptoms and spontaneous symptom resolution.
Abdominal imaging often revealed abundant ascites and limited bowel edema. In 60 cases
(22%), the diagnostic difficulties resulted in exploratory laparotomy, which was inconclusive
in 48 patients (80%). The attacks usually subsided within 2 hours from the administration
of recommended drugs (plasma-derived CI1-INH , recombinant CI1-INH or icatibant).
We conclude that recurrent abdominal attacks lasting a few days and resolving spontaneously
were common symptoms of C1-INH-HAE. Abdominal imaging revealed transitional fluid or
bowel edema. The effectiveness of recommended drugs as plasma-derived CI1-INH,

recombinant C1-INH or icatibant confirmed the diagnosis
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indywidualny wktad lek.med. Piotra Obtutowicza przy opracowaniu koncepcji, wykonywaniu

czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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Krakow dn. 10.11.22

dr hab. med. Grzegorz Porebski

Katedra Toksykologii i Choréb Srodowiskowych UJCM

Zaktad Alergologii Klinicznej i Srodowiskowej

oswiadczenie

Jako wspotautor pracy pt.

Severe abdominal HAE attacks. An analysis of 7 cases.

Arch Clin Med Case Rep 2019; 3 (6): 527-533

Oswiadczam, ze mdj wtasny wktad merytoryczny w przygotowanie, przeprowadzenie,
opracowanie badan oraz przedstawienie pracy w formie publikacji oceniam na 10%
(opracowanie koncepcji, opracowanie i interpretacja wynikdw pracy, przygotowanie

pierwotnej wersji artykutu, udziat w przygotowaniu odpowiedzi dla recenzentow).

Jednoczes$nie wyrazam zgode na przedtozenie w/w pracy przez lek. med.Piotra Obtutowicza
jako cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw

opublikowanych w czasopismach naukowych.

Oswiadczam, ze samodzielnia i mozliwa do wyodrebnienia czesci w/w pracy wykazuje
indywidualny wktad lek. med.Piotra Obtutowicza przy opracowaniu koncepcji, wykonywaniu

czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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Krakow dn. 10.11.22

prof. dr hab. med. Krystyna Obtutowicz

Katedra Toksykologii i Choréb Srodowiskowych UICM

Zaktad Alergologii Klinicznej i Srodowiskowej

oswiadczenie

Jako wspotautor pracy pt.

Abdominal and pelvic imaging in the diagnosis of acute abdominal attacks
in patients with hereditary angioedema due to Cl-inhibitor deficiency,

Adv Dermatol Allergol 2022; 39(4):749-756

Oswiadczam, ze moj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie,
opracowanie badan oraz przedstawienie pracy w formie publikacji oceniam na 10%

(opracowanie koncepcji i merytoryczna ocena manuskryptu).

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez lek. med. Piotra Obtutowicza
jako czes¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw

opublikowanych w czasopismach naukowych.

Oswiadczam, ze samodzielnia i mozliwa do wyodrebnienia czesci w/w pracy wykazuje
indywidualny wktad lek.med.Piotra Obtutowicza przy opracowaniu koncepcji, wykonywaniu

czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.
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Krakow dn. 10.11.22
prof. dr hab. med. Krystyna Obtutowicz

Katedra Toksykologii i Choréb Srodowiskowych UICM

Zaktad Alergologii Klinicznej i Srodowiskowej

oswiadczenie

Jako wspotautor pracy pt.

Bradykinin mediated gastrointestinal edema as a cause of abdominal attacks in patients
with hereditary angioedema due to Cl-inhibitor deficiency.

J Physiol Pharmacol 2022 ;73(2): 253-260

Oswiadczam, ze moj wtasny wktad merytoryczny w przygotowanie, przeprowadzenie,
opracowanie badan oraz przedstawienie pracy w formie publikacji oceniam na 10%

(opracowanie koncepcji i merytoryczna ocena manuskryptu).

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez lek. med.Piotra Obtutowicza
jako czes¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutéw

opublikowanych w czasopismach naukowych.

Oswiadczam, ze samodzielnia i mozliwa do wyodrebnienia czesci w/w pracy wykazuje
indywidualny wktad lek.med. Piotra Obtutowicza przy opracowaniu koncepcji, wykonywaniu

czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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Krakow dn. 10.11.22

prof. dr hab. med. Krystyna Obtuitowicz

Katedra Toksykologii i Choréb Srodowiskowych UICM

Zaktad Alergologii Klinicznej i Srodowiskowej

oswiadczenie

Jako wspotautor pracy pt.

Severe abdominal HAE attacks. An analysis of 7 cases. Arch Clin Med Case
Rep 2019; 3 (6): 527-533

Oéwiadczam, ze m6j wtasny wktad merytoryczny w przygotowanie, przeprowadzenie,
opracowanie badar oraz przedstawienie pracy w formie publikacji oceniam na 10%

(opracowanie koncepcji i merytoryczna ocena manuskryptu).

Jednoczeénie wyrazam zgode na przedtozenie w/w pracy przez lek. med.Piotra Obtutowicza
jako czes¢ rozprawy doktorskiej w formie spojnego tematycznie zbioru artykutéw

opublikowanych w czasopismach naukowych.

Oéwiadczam, ze samodzielnia i mozliwa do wyodrebnienia czesci w/w pracy wykazuje
indywidualny wktad lek. med.Piotra Obtutowicza przy opracowaniu koncepcji, wykonywaniu

czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.
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Krakow dn. 10.11.22

dr med. Marcin Stobiecki

Katedra Toksykologii i Choréb Srodowiskowych CMUJ

Zaktad Alergologii Klinicznej i Srodowiskowej

oswiadczenie
Jako wspotautor pracy pt.

Abdominal and pelvic imaging in the diagnosis of acute abdominal attacks
in patients with hereditary angioedema due to Cl-inhibitor deficiency,

Adv Dermatol Allergol 2022; 39(4):749-756

Oswiadczam, ze méj wtasny wktad merytoryczny w przygotowanie, przeprowadzenie,
opracowanie badar oraz przedstawienie pracy w formie publikacji oceniam na 10%
(opracowanie bazy danych, opracowanie i interpretacja wynikéw pracy, przygotowanie

pierwotnej wersji artykutu).

Jednocze$nie wyrazam zgode na przedtozenie w/w pracy przez lek. med.Piotra Obtutowicza
jako cze$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutow

opublikowanych w czasopismach naukowych.

Oéwiadczam, ze samodzielnia i mozliwa do wyodrebnienia cze$ci w/w pracy wykazuje
indywidualny wktad lek. med.Piotra Obtutowicza przy opracowaniu koncepcji, wykonywaniu

czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.
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Krakow dn. 10.11.22

dr med. Marcin Stobiecki

Katedra Toksykologii i Choréb $rodowiskowych UICM

Zaktad Alergologii Klinicznej i Srodowiskowej

oswiadczenie
Jako wspoétautor pracy pt.

Severe abdominal HAE attacks. An analysis of 7 cases.

Arch Clin Med Case Rep 2019; 3 (6): 527-533

Oswiadczam, ze mdéj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie,
opracowanie badan oraz przedstawienie pracy w formie publikacji oceniam na 55%
(opracowanie bazy danych, opracowanie i interpretacja wynikéw pracy, przygotowanie

pierwotnej wersji artykutu, udziat w przygotowaniu odpowiedzi dla recenzentéw).

Jednocze$nie wyrazam zgode na przedtozenie w/w pracy przez lek. med.Piotra Obtutowicza
jako czes¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutow

opublikowanych w czasopismach naukowych.

Os$wiadczam, ze samodzielnia i mozliwa do wyodrebnienia czesci w/w pracy wykazuje
indywidualny wktad lek. med.Piotra Obtutowicza przy opracowaniu koncepcji, wykonywaniu

czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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Krakow dn. 10.11.22

dr med. Marcin Stobiecki

Katedra Toksykologii i Choréb Srodowiskowych CMU)J

Zakftad Alergologii Klinicznej i Srodowiskowej

oswiadczenie

Jako wspétautor pracy pt.

Bradykinin mediated gastrointestinal edema as a cause of abdominal attacks in patients
with hereditary angioedema due to Cl-inhibitor deficiency.
J Physiol Pharmacol 2022 ;73(2): 253-260

Oéwiadczam, ze moj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie,
opracowanie badan oraz przedstawienie pracy w formie publikacji oceniam na 10%
(opracowanie bazy danych, opracowanie i interpretacja wynikow pracy, przygotowanie

pierwotnej wersji artykutu).

Jednocze$nie wyrazam zgode na przedtozenie w/w pracy przez lek. med.Piotra Obtutowicza
jako czesé¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutow

opublikowanych w czasopismach naukowych.

Oéwiadczam, ze samodzielnia i mozliwa do wyodrebnienia czesci w/w pracy wykazuje
indywidualny wktad lek. med. Piotra Obtutowicza przy opracowaniu koncepcji, wykonywaniu

czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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Krakow dn. 10.11.22
prof. dr hab. med. Tadeusz Popiela

Katedra Radiologii UICM

oswiadczenie

Jako wspétautor pracy pt.

Abdominal and pelvic imaging in the diagnosis of acute abdominal attacks in
patients with hereditary angioedema due to Cl-inhibitor deficiency.
Advances in Dermatology and Allergology 2021;
Online publish date: 2021/08/13,

DOI: https://doi.org/10.5114/ada.2021.108438 ;

Os$wiadczam, ze mdj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie,
opracowanie badan oraz przedstawienie pracy w formie publikacji oceniam na 10%

(opracowanie koncepcji i merytoryczna ocena manuskryptu).

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez lek. Piotr Obtutowicz jako
cze$¢ rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutow

opublikowanych w czasopismach naukowych.

Oéwiadczam, ze samodzielnia i mozliwa do wyodrebnienia czesci w/w pracy wykazuje
indywidualny wktad lek. Piotr Obtutowicz przy opracowaniu koncecji, wykonywaniu czesci

eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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Krakow dn. 10.11.22
prof. dr hab. med. Tadeusz Popiela

Katedra Radiologii UICM

oswiadczenie

Jako wspétautor pracy pt.

Bradykinin mediated gastrointestinal edema as a cause of abdominal attacks in patients
with hereditary angioedema due to C1-inhibitor deficiency.

J Physiol Pharmacol 2022 ;73(2): 253-260

Os$wiadczam, ze mdj wtasny wktad merytoryczny w przygotowanie, przeprowadzenie,
opracowanie badan oraz przedstawienie pracy w formie publikacji oceniam na 10%

(opracowanie koncepcji i merytoryczna ocena manuskryptu).

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez lek. Piotr Obtutowicz jako
czesé rozprawy doktorskiej w formie spdjnego tematycznie zbioru artykutow

opublikowanych w czasopismach naukowych.

Os$wiadczam, ze samodzielnia i mozliwa do wyodrebnienia czesci w/w pracy wykazuje
indywidualny wktad lek. Piotr Obtutowicz przy opracowaniu koncecji, wykonywaniu czgsci

eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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Krakow dn. 10.11.22

dr n. fiz Wojciech Dyga

Katedra Toksykologii i Choréb Srodowiskowych CMU)J

Zaktad Alergologii Klinicznej i Srodowiskowej

oswiadczenie

Jako wspotautor pracy pt.

Bradykinin mediated gastrointestinal edema as a cause of abdominal attacks in patients
with hereditary angioedema due to Cl-inhibitor deficiency.

J Physiol Pharmacol 2022 ;73(2): 253-260

Oswiadczam, ze méj wtasny wktad merytoryczny w przygotowanie, przeprowadzenie,
opracowanie badan oraz przedstawienie pracy w formie publikacji oceniam na 10%
(opracowanie bazy danych, wykonanie obliczeri statystycznych oraz udziale w przygotowaniu

odpowiedzi dla recenzentéw, petnieniu roli autora korespondencyjnego).

Jednoczesnie wyrazam zgode na przedtozenie w/w pracy przez lek. med.Piotra Obtutowicza
jako czes¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutéw

opublikowanych w czasopismach naukowych.

Oswiadczam, ze samodzielnia i mozliwa do wyodrebnienia czesci w/w pracy wykazuje
indywidualny wktad lek. med.Piotra Obtutowicza przy opracowaniu koncepcji, wykonywaniu

czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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Krakow dn. 10.11.22

dr n. fiz Wojciech Dyga

Katedra Toksykologii i Choréb Srodowiskowych CMUJ

Zaktad Alergologii Klinicznej i Srodowiskowej

oswiadczenie
Jako wspoétautor pracy pt.

Abdominal and pelvic imaging in the diagnosis of acute abdominal attacks
in patients with hereditary angioedema due to Cl-inhibitor deficiency,

Adv Dermatol Allergol 2022; 39(4):749-756

Oéwiadczam, ze méj wiasny wktad merytoryczny w przygotowanie, przeprowadzenie,
opracowanie badan oraz przedstawienie pracy w formie publikacji oceniam na 10%
(opracowanie bazy danych, wykonanie obliczer statystycznych oraz udziale w przygotowaniu

odpowiedzi dla recenzentéw, petnieniu roli autora korespondencyjnego).

Jednoczeénie wyrazam zgode na przedtozenie w/w pracy przez lek. med.Piotra Obtutowicza
jako cze$¢ rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutow

opublikowanych w czasopismach naukowych.

Oéwiadczam, ze samodzielnia i mozliwa do wyodrebnienia czesci w/w pracy wykazuje
indywidualny wktad lek. med.Piotra Obtutowicza przy opracowaniu koncepcji, wykonywaniu

czesci eksperymentalnej, opracowaniu i interpretacji wynikéw tej pracy.
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Krakow dn. 10.11.22

dr n. fiz Wojciech Dyga

Katedra Toksykologii i Choréb Srodowiskowych CMUJ

Zaktad Alergologii Klinicznej i Srodowiskowej

oswiadczenie

Jako wspétautor pracy pt.

Severe abdominal HAE attacks. An analysis of 7 cases.

Arch Clin Med Case Rep 2019; 3 (6): 527-533

Os$wiadczam, ze moj wtasny wktad merytoryczny w przygotowanie, przeprowadzenie,
opracowanie badar oraz przedstawienie pracy w formie publikacji oceniam na 10%
(opracowanie bazy danych, wykonanie obliczen statystycznych oraz udziale w przygotowaniu

odpowiedzi dla recenzentdw, petnieniu roli autora korespondencyjnego).

Jednoczeénie wyrazam zgode na przedtozenie w/w pracy przez lek. med.Piotra Obtutowicza
jako czesé rozprawy doktorskiej w formie spéjnego tematycznie zbioru artykutéw

opublikowanych w czasopismach naukowych.

Os$wiadczam, ze samodzielnia i mozliwa do wyodrebnienia cze$ci w/w pracy wykazuje
indywidualny wktad lek. med.Piotra Obtutowicza przy opracowaniu koncepcji, wykonywaniu

czesci eksperymentalnej, opracowaniu i interpretacji wynikow tej pracy.
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