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AHHOTALNA

06ocHoeaHue. HacneactBeHHbIM aHrMOoOTEK ¢ geduumtoM C1-uHrnbutopa — penkoe 3aboneBaHue, Bbi3BaHHOE LeULMTOM
N/UNN CHUKEHWEM (YHKLMOHaNbHOM akTBHOCTU C1-mHrnbuTopa. OCHOBHBEIM CUMMTOMOM 3ab0oNeBaHUSA ABNSOTCS peLVaMBHUPYIO-
LLMe AHTMOOTEKY Pa3fIMYHOI JIOKANM3ALIMK, KOTOPbIE MOTYT MPUBOAUTL K BPEMEHHOW yTpaTe TPYAOCMOCOBHOCTM M flaxe CMepTu.
Llesb — n3yunTb 0CO6EHHOCTM KITMHMYECKOr0 TeYeHUs 3ab0eBaHMS Y NaLMEHTOB C HAaCNeACTBEHHBIM aHTMOOTEKOM U3 PerucTpa
OrBY ML, «MHcTuTyT MMMyHoRoruu» OMBA Poccum; BbISBUTD NpeaMKTOPhI KU3HEYTPOXKAIOLLMX aHTMOOTEKOB M NOTpebHOCTH
B A0JITOCPOYHOM MPOGUNAKTUKE; CPaBHUTb 0COBEHHOCTM TeueHus 3aboneBaHUs B pasHbIX rpynnax NaLueHToB.

Mamepuaner u Memodel. V13 peructpa ®IBY MHL, «MHCTUTYT MMMyHONOrMKM» OMBA Poccumn ans y4actust B peTpoCneKTUBHOM
OnMcaTeNbHOM MUCCNe0BaHUM 0TOOpaHbl AaHHble 194 NauMeHToB, CTPafaloLLMX HAcNeACTBEHHBIM aHTMOOTEKOM C Aeduum-
ToM C1-uHrubutopa, 3 124 HepOACTBEHHbIX cemeid. [JuarHo3 noATBEPKAEH B COOTBETCTBUM C MPUHATBIMM CTaHAApTamMu
LMarHoCTUKN.

Pesynemamei. Cpean oTobpaHHOW Ans aHanu3a KoropThl naumeHToB u3 Poccun npeobnapanu xeHwmHsl — 70% npoTus
30% MmyxumH. CpepHuii BospacT maumentoB — 35+17 net. Y 89% yyacTHWMKOB AMArHOCTMpOBAH HacNeACTBEHHbIW aHrMo-
oték | Tuna, y 11% — HacnencTBeHHbIN aHrooTeK Il Tuna. CpepHuii Bo3pacT nosiBneHns nepsbix cumntomoB — 1119 ner.
Y 98% naumeHTOB ObIN X0TA Obl 0AMH NepubepUUECKUii aHMMOOTEK, Y 86% — abLoMuHanbHas ataka, y 86% — aHrMooTeK
mua, y 49% — aHrvmooTék roptaHu. CpefHas 3afepKa B nocTaHoBKe AnarHosa — 17,5+11,24 rofa. YeM cTapLue naumeHT,
TEM YalLle BCTpeyatoTcs oTéKM ropTanm (p <0,001), otéku mmua m wewm (p <0,001), abaomuHanbHble atakm (p=0,031). He BhbisiB-
JIEHO 3HAYMUMBIX PasfINuKiA N0 KITMHMYECKUM NapaMeTpaM MeXAY MYXUYMHAMM W KEHLLMHaMW.

3aknoyenue. B Poccum cywwectByeT npobneMa AnvTenbHOW 3aiepKW MOCTaHOBKM AMarHo3a HacneACTBEHHOr0 aHMMOOTEKa
¢ nedwvumtom Cl-uHrnbutopa. B pesynbrate npoBeAEHHOrO UCCNef0BaHUA UAEHTUPUUMPOBAHLI QaAKTOPbI PUCKA Pa3BUTUSA
JKU3HEYrPOXKaKLLMX aHTMOOTEKOB: BO3PAcT MaLuMeHTa (YeM CTaplue MauMeHT, TEM BbIlLe PUCK), HalMYMe aHMMOOTEKOB ULa
U Wewn B aHamMHe3e. KpoMe Toro, BbISIBMIEH pSAL HAaCTOPaXMUBAIOLLMX KPUTEPUEB HACNEACTBEHHOrO aHrMOOTEKA C AePULMTOM
C1-uHrubutopa: HanmMuMe CeMeMHOr0 aHaMHe3a, CoueTaHue peLuaMBMPYOLLMX Nepudepuyeckx aHrMOOTEKOB M abaoMm-
HanbHbIX aTaK, Aebl0T aHrMOOTEKOB U/MKM abAOMUHANbHBIX aTak B paHHEM AETCKOM Bo3pacTe. Hanuume Takux Kputepues
M03BOJIUT YCKOPUTb AMarHOCTUKY 3abonieBaHus.

KnioueBble cnoBa: HacneacTBeHHbIN aHrMooTeK; HAO; aHrnooTék; C1-uHrnbutop; GpagmKMHMH.
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ABSTRACT

BACKGROUND: Hereditary angioedema due to C1-inhibitor deficiency is a rare disease caused by deficiency and/or low functional
activity of C1-inhibitor. The main symptom of hereditary angioedema is recurrent angioedema in various localizations, which
can lead to temporary incapacity or even death.

AIM: To study the features of the clinical course of the disease in patients with hereditary angioedema from the registry of the
National Research Center (NRC) “Institute of Immunology” of the FMBA of Russia, identify the predictors of life-threatening
angioedema and the need for long-term therapy, and compare the features of the course of the disease in different groups of
patients.

MATERIALS AND METHODS: A total of 194 patients from NRC Institute of Immunology FMBA of Russia registry from
124 unrelated families with a diagnosis of hereditary angioedema with C1-inhibitor deficiency, confirmed in accordance with
accepted diagnostic standards, were enrolled in the retrospective descriptive study.

RESULTS: Overall, 194 patients were included in the analysis (70% female and 30% male). The mean age of patients was
35+17 years. Moreover, 89% and 11% of patients had hereditary angioedema types | and I, respectively. The mean age of clinical
onset was 11x9 years. Ninety-eight percent of participants had a history of at least one episode of peripheral angioedema,
86% experienced abdominal attacks, 86% experienced facial swellings, and 49% experienced laryngeal attacks. The mean
diagnostic delay was 17.5+11.24 years. The older the patient is, the more possible laryngeal attacks (p <0.001), facial and neck
swellings (p <0.001), and abdominal attacks are (p=0.031). No significant differences in clinical features were noted between
men and women.

CONCLUSIONS: There is a problem of a long diagnostic delay of hereditary angioedema in Russia. As a consequence of the
study, we have identified a number of warning criteria of hereditary angioedema: the presence of a family history, a combination
of recurrent angioedema and abdominal attacks, and the onset of angioedema and/or abdominal attacks in early childhood.
The existence of such criteria will make it possible to optimize the diagnosis of hereditary angioedema. Moreover, we have
identified the risk factors for the development of life-threatening angioedema: the patient’s age (the older the patient, the
higher the risk) and a history of angioedema of the face and neck.

Keywords: hereditary angioedema; HAE; angioedema; C1-inhibitor; bradykinin.
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BACKGROUND

Hereditary angioedema (HAE) is a rare, potentially life-
threatening disease that manifests as swelling of the skin
and subcutaneous tissue caused by the accumulation of the
mediator bradykinin. This is the key feature that determines
the specifics of the pathogenesis, clinical course of the
disease, and its treatment.

The prevalence of HAE with C1-inhibitor deficiency
(C1-INH) is 1:50,000 [1, 2]. There is an even rarer form of
HAE, without C1-INH deficiency, but it is not evaluated in
this study.

The pathogenesis of HAE is fundamentally different from
that of angioedema (AE) caused by mast cell mediators.
The disease develops due to C1-INH deficiency (HAE type I)
or decrease in its functional activity (HAE type II) due to a
mutation in the SERPINGT gene (Serpin Family G Member 1),
which leads to the accumulation of the mediator bradykinin.
In the vast majority of cases, HAE is inherited in an autosomal
dominant manner; however, there are isolated reports on
autosomal recessive inheritance. Most patients have a family
history of the disease; however, in approximately 20-25%
of patients, the disease develops due to a newly revealed
mutation in the SERPINGT gene, i.e., there is no family history
[3, 4]. The interaction of bradykinin with type 2 bradykinin
receptors (B2) leads to vasodilation, an increase in the
permeability of the vascular wall with fluid extravasation,
which causes the development of edema in various parts of
the body [5-8].

Recurrent AE in various parts of the body (peripheral AE,
abdominal attacks, AE of the upper airway) is the main clinical
symptom of HAE. A characteristic feature of the swelling in
HAE is inefficacy of glucocorticoids and antihistamines. These
AEs require specific, pathogenesis-based therapy for both
prevention and relief. Lack of therapy or suboptimal therapy
leads to the development of AE, which can be painful,
adversely affect appearance, and lead to temporary disability
and death [1, 5, 9, 101.

HAE is a rare disease; therefore, it is extremely important
to gain knowledge about it to improve its diagnosis and
treatment. To date, several studies that describe the
features of the HAE course in patients from different
countries have been conducted [11-19], but no analysis of
a large sample of Russian patients has been performed.
Considering that the clinic of the Institute of Immunology
has accumulated extensive experience in managing patients
with HAE in Russia, we conducted a study to perform a
comprehensive analysis of patients from the Institute of
Immunology registry.

Aim: This study aimed to evaluate the demographic and
clinical features of the course of HAE in Russian patients;
identify predictors of life-threatening AE and the need for
long-term prevention; and compare the features of the
disease course in different groups of patients (in men and
women; in adults and children).
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METHODS AND MATERIALS
Study Design

We conducted a single-center, observational, descriptive,
retrospective study on a cohort of Russian patients with HAE
with C1-INH deficiency.

Eligibility Criteria

The study included 194 patients from 124 unrelated
families, who were selected from the registry of the National
Research Center Institute of Immunology FMBA of Russia.

The inclusion criterion was a diagnosis of HAE with
C1-INH deficiency, confirmed in accordance with the accepted
diagnostic standards [1, 20].

The exclusion criteria were HAE without C1-INH deficiency
and data in the medical records that did not allow for reliable
confirmation of the diagnosis of HAE with C1-INH deficiency.

Study Conditions

The study was conducted in the National Research Center
Institute of Immunology FMBA of Russia (Moscow).

Study Duration

Data were collected and analyzed from September 2019
to March 2020.

Description of Medical Intervention

A retrospective analysis of the data was conducted during
the study. There was no medical intervention.

Main Study Outcome

We defined important epidemiological characteristics of
a cohort of patients with HAE with C1-INH deficiency and
determined the clinical characteristics of the study group
of patients, including the mean age at the onset of disease,
and incidence of AE in various parts of the body, including
symptoms. We identified the mean diagnostic delay and
also established a correlation between the patient’s age and
diagnostic delay.

A search was made for predictors of severe HAE with
C1-INH deficiency and development of upper airway AE.
The factors affecting the decision to prescribe drugs for
long-term prophylaxis were analyzed.

Subgroup Analysis

The patients enrolled in the study (n=194) were divided
into two groups based on their age: The group of children
consisted of 31 patients aged <18 years, while the group of
adults included 163 patients aged =18 years.

A descriptive and comparative analysis was conducted in
the groups for the following parameters: mean age; number
of patients with clinical manifestations of the disease; mean
age of documented clinical onset; mean diagnostic delay;
incidence of AE in various parts of the body and marginal
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erythema; number of patients using drugs for long-term
prophylaxis; and mean score on the HAE severity scale
proposed by Bygum et al. [21].

All patients enrolled in the study (n=194) were divided into
two groups by sex: The male group consisted of 59 patients,
and the female group consisted of 135 patients. The subgroup
analysis was conducted for the same parameters compared
with the characteristics of the disease course in children
and adults.

Outcome Reporting Methods

We analyzed all outpatient records of patients diagnosed
with HAE in the clinic of the Institute of Immunology, which was
established in 1991 (n=228) [1, 20]. If the patient’s data were
incomplete or collected more than 2 years ago, the investigator
updated the information by interviewing the patient.

To assess the disease severity in patients, the Bygum
scale (2011) was used (Table 1).

Ethical Review

The study was approved by the local ethics committee of
the National Research Center Institute of Immunology FMBA
of Russia (Meeting Minutes No. 3 of March 14, 2016).

Statistical Analysis

A descriptive and comparative statistical analysis of
the data was performed using software for statistical data
processing, including IBM SPSS Statistics (USA), RStudio
(USA), and MS Excel (USA). The results are presented as
summary tables and graphs.

Descriptive statistical analysis of the data was performed
using parameters, such as arithmetic mean, mode, median,
and standard deviation of the sample. Comparative analysis
of quantitative data was performed using the Mann—Whitney
U test, and qualitative data were analyzed using Pearson’s
chi-squared test (x2) and Fisher's test. Spearman’s test
was used to assess the correlation between the events.

Vol 19 (1) 2022
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The difference was considered statistically significant at a
P-value <0.05. Akaike's information criterion (AIC) was used
to estimate the prediction error.

Since HAE is an orphan disease and patients with HAE are
extremely rare in the general population, it was not possible
to precalculate the sample size.

RESULTS

Study Subjects (Participants)

The study included data from a registry of 194 patients
with HAE due to C1 inhibitor deficiency, of which 59 were male
(30%) and 135 were female (70%). The mean age of patients
was 3517 years (mode, 38 years; median, 34.5 years).

HAE type | was diagnosed in 173 (89%) patients included
in the study, while HAE type Il in 21 (11%) patients. Thirteen
(7%) patients had no clinical manifestations of the disease
with a significant decrease in the C1-inhibitor level and/or its
functional activity, and all of them were relatives of patients
with a confirmed diagnosis of HAE (Table 2).

Most patients (n=181) already presented symptoms of the
disease upon inclusion in the study, of which 144 (74%) had a
family history. In 42 (21%) patients, at least one relative died
of manifestations of HAE.

Main Study Results

In 86% of patients, the onset of the disease occurs in
the first two decades of life (mean age of clinical onset,
11£9 years). In other patients, the first symptoms of the
disease manifested at different times, until the age of
50 years (Fig. 1). The symptoms included isolated peripheral
AE in 103 (56.9%) patients; isolated abdominal attacks in
57 (31.5%); and both symptoms in 19 (10.5%). The disease
manifested with laryngeal AE in two (1.1%) patients.
In 10% of patients, the disease manifested as isolated
abdominal attacks in childhood, while the patients had no
family history.

Table 1. Bygum (2011) scale for assessing the hereditary angioedema'’s severity [21]

Sign Score
Age of clinical onset is 0-5 years 3
Age of clinical onset is 6-10 years 2
Age of clinical onset is 11-20 years 1
Age of clinical onset is >20 years 0
Peripheral angioedema (at least once) 1
Abdominal attack (at least once) 2
Laryngeal angioedema (at least once) 2

Other clinical manifestations

Long-term prophylaxis (ever in life)

—_
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The most common symptom in patients with HAE (98%) %
was recurrent peripheral AE. The second most common 60 -
symptom was abdominal attacks, which occurred in
approximately 86% of patients, while unjustified surgical 50 -
interventions were performed in 20% of patients. AE of the
soft tissues of the face and neck is a common symptom in 40 1
our patients (86%). Moreover, 49% of patients had at least 30 4
one episode of laryngeal AE in their lifetime (4% of patients
underwent tracheostomy and/or coniotomy at least once in 20 A
their lives). Symptoms of marginal erythema were reported
only in 17% of cases; 79% of patients required long-term 10
prophylaxis for at least a short period (Table 3). l
The mean diagnostic delay (only the data of patients with 0 - ' == ——
- . . . 0-10 11-20 21-30 31-40 41-50
clinical manifestations were considered) was 17.5+11.24 years,
while the mean diagnostic delay was 7.6 years in patients Age, years

aged < 30 years and 22.86 years in patients aged =30 years.
There is a significant correlation between the age and  Fig. 1. Age of symptoms onset (n=181).

Table 2. Epidemiological data of patients with hereditary angioedema with C1-inhibitor deficiency (n=194)

Parameter Value
Number of patients, n 194
Families, n 125
Patients at subclinical stage, % 7
Hereditary angioedema type |, % 89
Hereditary angioedema type II, % N
Men, % 30
Women, % 70
Mean age, years 3517
Family history, % 74
Death of a relative from laryngeal edema, % 22

Table 3. Most common clinical manifestations (n=181)

Sign Number of patients, n Proportion of patients, %
Peripheral angioedema 177 98
Face and neck angioedema 156 86
Laryngeal angioedema 89 49
Abdominal attacks 156 86
Marginal erythema 31 17
Peripheral angioedema and abdominal attack 152 84
Peripheral angioedema and laryngeal angioedema 87 45
Peripheral angioedema, abdominal attacks and laryngeal 80 4]

angioedema (complete triad of symptoms)
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ORIGINAL STUDY ARTICLES

Vol 19 (1) 2022

The diagnosis was established with a delay of more than 5 years

<

In 78% of cases

»

<

39

27
26 24

20

IS

R AT W

Fig. 2. Diagnostic delay of HAE types | and Il (n=181).

diagnostic delay (the older the patient, the longer the delay):
r$=0.689, p <0.001 (Fig. 2).

To identify predictors of severe HAE, we assessed age as
a possible disease-modifying factor. The following pattern
was revealed: the older the patient, the more frequent the
laryngeal attacks (p <0.001, Mann—Whitney U test), face and
neck AE (p <0.001, Mann-Whitney U test), and abdominal
attacks (p=0.031, Mann—-Whitney U test) (Fig. 3).

Given that the cause of death in patients with HAE is
laryngeal AE, we conducted a separate search for possible
predictors (other than the patient’s age) of the development
of AE at this site. In the study on the relationship between
laryngeal AE and various demographic and clinical
parameters, an additional relationship was found between
laryngeal AE and history of face and neck swellings and
abdominal attacks (Table 4).

To reduce the probability of obtaining false results due
to the effect of age (given that we have found a significant
relationship between age and laryngeal AE, face and neck
AE, a history of abdominal attacks) and identify which of
these parameters are real predictors of AE, we conducted an
additional analysis using the AIC. For this, we built a binomial

Russian Journal of Allergy

model based on the assumed influencing parameters: age
and presence of abdominal attacks and face and neck AE.
The analysis found that the effect of abdominal attacks was
not statistically significant at the 95% level. Thus, the higher
the age, the higher the probability. Moreover, the presence of
face and neck AE increased the risk of laryngeal AE.

When stratifying the study group by age, there is a
significantly larger number of patients who had at least one
episode of laryngeal AE in the older age groups than in the
younger groups (p <0.001) (Fig. 4).

We have analyzed the factors affecting the decision to
prescribe drugs for long-term prophylaxis. Thus, drugs
for long-term prophylaxis were significantly prescribed
more often to patients with a history of facial AE (p=0.02),
laryngeal AE (p=0.015, Pearson’s chi-squared test),
abdominal attacks (p=0.012, Pearson'’s chi-squared test).
The mean age of patients who had already used long-
term prophylaxis medications for at least a short period
(40.1 years) was significantly higher than the mean age of
patients who had no such experience (25.1 years) (p <0.001,
Mann-Whitney U test).

We compared various aspects of the course of HAE in
groups of children and adults (Table 5). Among children,
there was a high proportion of asymptomatic disease (35%),
only 1% had no clinical manifestations of the disease among
adult patients; this difference is statistically significant
(p <0.001, Fisher’s exact test). The mean age of documented
clinical onset in children is significantly lower than that in
adults: 4.3 vs. 12.3 years (p <0.001, Mann—-Whitney U test).
The mean diagnostic delay in children is also significantly
lower than that in adults: 3 years vs. 19 years (p <0.001,
Mann-Whitney U test).

There was no statistically significant relationship between
the age group of patients and history of peripheral AE, face
and neck AE, and marginal erythema. However, adult patients
are more likely to have a history of laryngeal AE (p <0.001,
Fisher's exact test) and abdominal attacks (p=0.09, Fisher's
exact test). Only one child had laryngeal AE. Moreover, 85%
of adults and 35% of children needed long-term prophylaxis
(at least once in their lifetime): this difference is statistically

Table 4. Relationship between upper respiratory tract angioedema and demographic and clinical parameters

Parameter p
Type of hereditary angioedema 0.769'
Sex 0.738!
History of face and neck angioedema <0.001
History of abdominal attacks <0.001"
Marginal erythema 0.137!
Patient's age <0.0012
Age of clinical onset 0.3992

Note: ' Chi-squared test; 2 Mann—Whitney U test.
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50 A 0-17
45 A T 18-29
[3.169]
o 40 1 30-44
s 1559
2 35 1 _
over 60 79%
307 0578 Age group, Patients’ proportion with angioedema
- years of the larynx in anamnesis, %
25 A
No Yes Fig. 4. The presence of laryngeal angioedema in patients in
History of edema of the upper respiratory tract different age groups.
45 1 .
We also compared the features of the HAE course in
male and female patients (Table 6). Furthermore, 12% of
40 - male patients are asymptomatic, while only 2% of female
patients are symptom-free. This difference is only a trend
g and not statistically significant (p=0.068, Fisher’s exact test).
> 35 1 The mean age of clinical onset is 10.9 years in male patients
< and 11.6 years in female patients, which is not a statistically
significant difference (p=0.142, Mann-Whitney U test). The
301 mean diagnostic delay in men is significantly lower: 14.3 years
vs. 18.9 years in women (p=0.04, Mann—Whitney U test). There
was no statistically significant relationship between sex and
25 A . o .. .
: : history of individual clinical symptoms (peripheral AE, face
- No _ Yes and neck AE, abdominal attacks, laryngeal AE, marginal
History of swelling of the face and/or neck erythema). In the two study groups, there was approximately
45 the same need for long-term prevention (77% in male
patients and 78% in female patients). The overall severity of
the disease ranged from 3 to 10 (mean of 7.0) points in men
40 1 and from 1 to 10 (mean of 77) points in females; however,
—_ there was no statistically significant difference between the
o 35 1 two groups (p=0.851, Mann-Whitney U test).
£y
a0 Adverse Events
Since the study design included only a retrospective data
25 - analysis, adverse events were not recorded during the study.
20 1 DISCUSSION

No Yes
Abdominal attack

Fig. 3. Dependence of clinical symptoms on age.

significant (p <0.001, Fisher's exact test). The overall severity
of the disease (Bygum scale, 2011) ranged from 4 to 10
(mean, 6.0) points in children and from 1 to 10 (mean, 7.1)
points in adults. Thus, adult patients have more severe
disease compared to children (p=0.05, Mann—Whitney U test)
(Table 5).
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Summary of the Main Study Results

The study revealed that patients with HAE are
characterized by a family history, combination of recurrent
AEs and abdominal attacks, and onset of AEs and/or
abdominal attacks in early childhood. Patients with
HAE also showed a significant diagnostic delay, with a
correlation between the patient’s age and diagnostic delay.
We established risk factors for life-threatening AEs, such
as the patient’s age and history of face and neck AEs. In
adult patients, the HAE course is significantly more severe
than that in children.
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Table 5. Comparison of the clinical course of hereditary angioedema with C1-inhibitor deficiency in children and adult groups

Sign Children Adults p
Number of patients, n 31 163 -
Mean age, years 10.8 40.0 -
Number of patients with clinical manifestations, n (%) 20 (65) 161 (99) <0.001"
Mean age of documented clinical onset, years 4.3 12.3 <0.0012
Mean diagnostic delay, years 3 19 <0.0012
Peripheral angioedema, % 100 98 1.0
Abdominal attacks, % 65 89 0.09"
Face and neck angioedema, % 50 73 0.66!
Laryngeal angioedema, % 5 55 <0.001
Marginal erythema, % 15 17 1.0
Long-term prophylaxis, % 35 84 <0.001
Mean Bygum scale (2011) score 6 7 0.05?

Note: ! Fisher's exact test; 2 Mann-Whitney U test.

Table 6. Comparison of the clinical course of hereditary angioedema with C1-inhibitor deficiency in male and female groups

Sign Male patients Female patients p
Number of patients, n 59 135 -
Mean age, years 32.6 36.6 -
Number of patients with clinical manifestations, % 12 2 0.068
Mean age of clinical onset, years 10.9 1.6 0.142
Mean diagnostic delay 14.3 18.9 0.04
Peripheral angioedema, % 98 95 1
Abdominal attack, % 83 86 0.387
Face and neck angioedema, % 65 70 0.372
Laryngeal angioedema, % 50 48 0.887
Marginal erythema, % 12 19 0.205
Long-term prophylaxis, % 77 78 0.662
Mean Bygum scale (2011) score 70 17 0.851

Discussion

The study provided an opportunity to not only collect
data on a quite large population of patients with HAE from
the Institute of Immunology registry but also conduct their
comprehensive analysis.

Furthermore, 74% of the examined patients had a family
history, which is consistent with the data published by our
colleagues [12-14]. Moreover, 26% of patients did not have a
family history, which indicates that HAE cannot be ruled out
in the differential diagnosis of patients with recurrent AEs
without a family history.

DOl https://doiorg/10.36691/RJATS16

Since this disease is inherited in an autosomal
dominant manner, it was expected that the male-to-female
ratio would be approximately the same, as shown in the
studies by Xu et al. [17], Kargarsharif et al. [13], and Steiner
et al. (approximately 50%/50%) [16]. However, among our
patients, the proportion of women (70%) significantly
exceeded the proportion of men (30%). A similar
female predominance was observed in the Brazilian
(women, 67.3%) [11], Turkish (women, 60%) [12], American
(women, 78.2%) [19], and French (women, 69.4%) [15]
patients with HAE. To date, the reasons for the prevalence
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of female patients with HAE remain unknown. A number of

assumptions can be put forward:

1) Inheritance had reduced penetrance in male patients.

2) The disease in female patients is more severe than that in
male patients, so they seek medical attention more often.

3) The effect of sex hormones, particularly estrogen, plays
arole.

The mean age of patients in our cohort was 35 years,
which is generally consistent with the data of other
researchers [11, 12, 18]. This is the reason that awareness
of this condition is important for both pediatricians and adult
care practitioners.

HAE is characterized by an early onset in the first two
decades of life [22]. We also observed a similar trend among
our patients: the clinical onset of the disease occurred before
the age of 10 years in more than half of patients (53%) and
between 11 and 20 years in another 33% of patients. However,
a later onset of the disease does not rule out the possibility
of HAE. In our population, the disease manifested between
the ages of 21 and 50 years in 14% of patients (Fig. 1), while
case reports of the clinical onset of the disease at a later
age were also described. Thus, Xu et al. [17] demonstrated
that the disease onset in the second and third decades of life
is typical for the patient population they studied. The results
demonstrate the necessity to raise the awareness on HAE
among pediatricians.

Interestingly, we observed a much lower mean age
of documented clinical onset of the disease in the group
of patients aged <18 years (4.3 years) vs. the adult group
(age =18 years) — 12.3 years. A similar trend (6.56 and 14.95,
respectively) was demonstrated by Kargarsharif et al. [13].
This may be explained by the fact that, in older patients, early
manifestations of HAE were not regarded as symptoms of this
disease and therefore were missed. Many younger patients
are children of patients with HAE; therefore, awareness of
HAE symptoms is higher in these patients. In addition, in
older patients, history taking is less accurate. Thus, the age
of onset of the disease is often related not to the actual age
of first clinical manifestations of HAE in the patient but to the
age when these manifestations were recorded. Considering
that, in the context of HAE, the age of the first clinical
manifestations is often the study subject (the relationship
between the age of onset of the first symptoms and overall
severity of the HAE course, the effect of the genotype on the
age of onset), the data obtained are of great scientific value:
it becomes obvious that the current age of the patient should
be considered. Otherwise, unreliable results may be obtained.

As for the symptom, the majority of patients at the
initial stage of the disease had peripheral AE either as an
independent symptom (56.9% of patients) or in combination
with abdominal attacks (10.5%). In one-third (31.5%) of
patients, the disease began with isolated abdominal attacks,
which undoubtedly represents a serious diagnostic problem:
it is extremely difficult to suspect the diagnosis of HAE in
this case. The data obtained demonstrate the need to raise
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awareness of HAE among gastroenterologists, since patients
with HAE who complained of abdominal attacks may seek
medical attention from these doctors in the first place.
Moreover, the disease manifested with laryngeal AE in two
patients. This fact emphasizes the need to diagnose HAE at
the subclinical stage of the disease, since even the first AE
in life can become fatal.

The mean diagnostic delay among patients at the Institute
of Immunology clinic is 17.5 years (the minimum delay is
0 years; the maximum is 61 years). This parameter is one of
the highest in compared with the data of other researchers
[11-17]. Such a long interval between the clinical onset
of the disease and diagnosis indicates obvious difficulties
in the diagnosis in the country. However, a positive trend
can be noted: the number of patients under observation
is increasing (Fig. 5). Furthermore, the mean diagnostic
delay in the group of patients aged <30 years is 7.6 years,
which is significantly lower than in the group of patients
aged =30 years (22.86 years) (p <0.001). The study findings
suggest that the diagnosis of HAE in Russia has improved
significantly over the past 10 years. Moreover, we actively
examined the relatives of newly diagnosed patients, even
if they do not have symptoms of HAE. Therefore, we can
expect a reduction in the interval between the clinical onset
and diagnosis in the future.

A long delay in making a diagnosis leads to serious
consequences: at least one relative died from the clinical
manifestations of HAE in 22% of patients; 20% of patients
underwent unreasonable surgical intervention (both
laparotomy and laparoscopy were considered); 4% underwent
one of the manipulations — tracheostomy, coniotomy, and
tracheal intubation. Other researchers report a much lower
frequency of unreasonable surgical interventions: 5.2, 2.53,
and 9% in studies by Alonso et al., Xu et al., and Bouillet et al.,
respectively [11, 15, 17]. Perhaps this is due to the fact that
colleagues did not consider minimally invasive interventions
(diagnostic laparoscopy).

We confirmed the previous data that peripheral AE develops
in almost all patients with HAE (98%). The second most
common symptom is abdominal attacks (86%), which is also
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Fig. 5. The dynamics of the increase in the number of patients with
hereditary angioedema with C1-inhibitor deficiency, observed at the
Institute of Immunology.
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consistent with the data obtained by other researchers [11].
Laryngeal AE in the reviewed patient population was
somewhat less common than previously described [11-17].
It is extremely important to note that 86% of patients had
a combination of clinical manifestations: peripheral AE and
abdominal attacks. Similar results were obtained by Danish
researchers, who found that 90% of patients had two of the
three major symptoms of HAE (peripheral AE, laryngeal AE,
abdominal attacks) [23]. Thus, recurrent AE in combination
with abdominal attacks of unknown origin is an important
warning sign of HAE (along with a family history and poor
response to systemic corticosteroids and antihistamines). A
complete triad of major clinical symptoms was observed in
44% of our patients, which is also consistent with the data of
a researcher from Denmark (49%) [23].

Taking into account that laryngeal AEs in HAE are
potentially fatal, a very important objective of our study
was to identify predictors of AE of this site. We were able to
demonstrate that the risk of laryngeal AE development in a
patient increases with age, which may be due to concomitant
diseases and their effect on the course of HAE. Moreover,
there should be increased alertness to the development of
this symptom in patients with face and neck AE.

To date, the clear criteria for prescribing drugs for
long-term prophylaxis in HAE have not been defined [24];
therefore, it was very important for us to identify the factors
affecting the decision to prescribe long-term prophylaxis in
patients with HAE. A history of abdominal attacks and face
and laryngeal AEs was identified as such a predictor. The
need for long-term prophylaxis increases significantly with
age. The study findings can become one of the criteria for
prescribing long-term prophylaxis.

The comparison of the characteristics of the disease
course in the groups of adults and children showed that the
need for long-term prophylaxis is lower in children than in
adults. Furthermore, children are much less likely to have
such manifestations as abdominal attacks and laryngeal
AE. Moreover, the disease in children is characterized
by a milder course in general compared to adults when
assessed using the Bygum scale (2011), even though the
onset is observed much earlier than that in adults. The
findings suggest that HAE is milder in childhood. This is
supported by the fact that the majority of patients with
subclinical HAE are children.

The comparison of the features of the HAE course in
male and female patients did not demonstrate significant
differences between the two patient groups in either individual
clinical parameters or the overall severity of the disease, as
assessed using the Bygum scale (2011). In our study, we
only assessed the relationship between the patient’s sex and
history of certain symptoms (laryngeal AE, face and neck AE,
abdominal attacks) but did not assess the effect of sex on
the frequency of attacks. Previously, Bork et al. and Steiner
et al. demonstrated that women are more susceptible to
HAE attacks than men [16, 22]; however, a larger number of
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female patients and the tendency to asymptomatic disease
in male patients indirectly suggest that the disease is milder
in men.

Study Limitations

Considering that HAE is an orphan disease, no preliminary
calculation of the sample size was conducted, and the
study included all patients with HAE with C1-INH deficiency
observed at the Institute of Immunology at the time of the
study. Therefore, the sample of study participants cannot
be considered sufficiently representative, which limits the
ability to extrapolate the results and their interpretation to
the general population of similar patients outside the study.

CONCLUSION

The study of a large sample of Russian patients assessed
the structure of the population of patients with HAE and
identified the demographic and clinical features of the HAE
course in Russia.

Important data for practical healthcare have been
obtained in the study. The existence of the problem of a long
diagnostic delay of HAE has been clearly demonstrated. To
solve the problem, it is necessary to increase awareness
of this disease among physicians of all specialties, since
diagnostic delay leads to high mortality among patients with
HAE and unnecessary surgical interventions.

To increase the detection of HAE, it is also necessary
to make a list of warning signs. As a result of the study, a
number of HAE clinical features were identified, which can be
used as the basis for such a list: family history, combination
of recurrent AEs and abdominal attacks, and onset of AEs
and/or abdominal attacks in early childhood.

We managed to demonstrate that every patient has a
risk of developing life-threatening AE; therefore, all patients
should be provided with on-demand therapy, regardless of
whether they previously had such AEs. Moreover, the risk
factors for life-threatening AE were identified: the patient’s
age (the older the patient, the higher the risk) and history of
face and neck AE.
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