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Abstract Hereditary angioedema (HAE) patients experience
recurrent local swelling in various parts of the body including
painful swelling of the intestine and life-threatening laryngeal
oedema. Most HAE literature is about attacks located in one
anatomical site, though it is mentioned that HAE attacks may
also involve multiple anatomical sites simultaneously. A de-
tailed description of such multi-location attacks is currently
lacking. This study investigated the occurrence, severity and
clinical course of HAE attacks with multiple anatomical loca-
tions. HAE patients included in a clinical database of recom-
binant human C1-inhibitor (thC1INH) studies were evaluated.
Visual analog scale scores filled out by the patients for various
symptoms at various locations and investigator symptoms
scores during the attack were analysed. Data of 219 eligible
attacks in 119 patients was analysed. Thirty-three patients
(28 %) had symptoms at multiple locations in anatomically
unrelated regions at the same time during their first attack. Up
to five simultaneously affected locations were reported. The
observation that severe HAE attacks often affect multiple sites
in the body suggests that HAE symptoms result from a sys-
temic rather than from a local process as is currently believed.
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Introduction

Hereditary angioedema (HAE) was first described by William
Osler in 1888 as a clinical triad of recurrent attacks of local
swelling in various parts of the body, often associated with
colicky abdominal pain and a dominant hereditary pattern [1].
In 1963 Donaldson and Evans discovered deficiency of the
plasma protein C1-inhibitor (C1INH), a major regulator of the
bradykinin-forming cascade, as the main pathological defect
in patients with HAE [2].

Since its first description, the disease HAE is well de-
scribed. Though attacks usually evolve at a single anatomical
site, the simultaneous occurrence of symptoms at multiple
sites have been mentioned [1, 3—10]. In a recent study, 186
HAE patients were interviewed about their last attack. One
hundred sixty-four patients had an attack in the previous
6 months, 24 % of them experienced an attack at multiple
locations [6]. In another study, 55 % of patients with severe
peripheral attacks reported at least two separate anatomical
locations of the attack [8]. Likewise a large study evaluating
512 abdominal attacks reported that 51 % of abdominal at-
tacks were associated with symptoms elsewhere [9]. Further,
another study observed that symptoms at various anatomical
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sites can develop in a similar fashion and that over the course
of an attack, some symptoms can evolve while others emerge
[10].

Thus, HAE attacks simultaneously occurring at multiple
anatomical sites are frequently mentioned in the literature.
However, a detailed description of the clinical manifestations
and course of HAE attacks that occur at multiple anatomical
locations, further referred to as multi-location attacks, is lack-
ing. The aim of the present study is to evaluate the occurrence,
severity, anatomical locations and course of multi-location
attacks in a large group of HAE patients.

Patients and Methods
Study Design

This descriptive study is based on a secondary analysis of data
from clinical trials with recombinant human C1-inhibitor
(thC1INH) by Pharming Technologies BV, Leiden, The Neth-
erlands. During these trials, an extensive clinical database of
more than 100 HAE patients suffering from an acute attack
has been made.

Patients

All patients included in this analysis were enrolled in two
randomized, double-blind, placebo-controlled trials (RCT)
and their open label extensions to evaluate thCI1INH as a
treatment for HAE attacks [11, 12]. Patients were asked to fill
out a set of visual analog scale (VAS) scores to determine the
severity of symptoms during the course of the attack. The
VAS forms were designed like a ruler from 0 to 100 mm, 0
indicated no symptoms and 100 mm the most severe com-
plaints possible for the given symptom. The content validity
of'the VAS instruments used to assess the anatomical locations
involved in the angioedema attack and their suitability for
patients’ assessments of the severity of acute angioedema
symptoms have been described elsewhere [13]. For each
location, the data collected included the overall severity VAS
score and VAS scores designed for specific locations. In
addition to the VAS scores, an investigator symptom score
(ISS) was collected for each location. Affected locations could
be abdominal, oro-facial-pharyngeal-laryngeal (OFPL), geni-
tourinary or peripheral. The exact peripheral location, i.e. left
hand or lower back, was described by the physician. Physi-
cians scored the attack on a 0 to 5 scale from no symptoms to
life-threatening symptoms. An angioedema attack was eligi-
ble for inclusion in the trial when the overall severity VAS
score of at least one location of the attack had been rated by
the patients as >50 mm on a 100-mm scale at presentation. A
second or third attack location was considered significant
when the ISS was >2 (mild symptoms) or the overall severity
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VAS score was rated by the patient >20 mm at any time point
for any additional location. Further, a second location was
only eligible when swelling occurred in a clearly distinct
anatomical site, i.e. left hand and right hand, but not left foot
and left knee. As a part of the clinical protocols, C-reactive
protein levels were measured.

Data Analysis

Data not normally distributed are given as the median and
range or the interquartile range. Difference in gender and in
use of prophylactic medication was evaluated with Fisher’s
exact test, difference in age and self-reported attacks per year
with the Mann-Whitney test. Differences in VAS scores, C-
reactive protein (CRP) levels and time interval after a multi-
location attack were evaluated with the Mann-Whitney test.
The analyses were done with Graph Pad Prism 5 and
Microsoft Excel 2003.

Results
Patients Included in the Study

Data from 119 HAE patients suffering from an acute HAE
attack were analysed. The average age of the population
included was 36 years (SD 14); 43 patients were male and
76 were female. Seventy (59 %) patients used prophylactic
therapy for HAE. Androgens were used by 55 (46 %) patients,
whereas 11 (9 %) patients used prophylactic C1INH therapy.
The median number of historical attacks per year as reported
by the patient was 20 (0—150). Functional C1INH levels were
below 50 % of normal in all patients and were below the
detection limit of the assay in the majority of the patients
(Table 1). The median C4 level was 57 pg/mL (range 7.25—
320 pg/mL, normal range 100400 pg/mL, see Table 1).

Symptoms and Frequency of Multi-location Angioedema
Attacks

All 119 patients had at least one eligible angioedema attack;
49 patients had more than one attack during the study period.
In total, there were 219 eligible attacks.

Thirty-three of the 119 patients (28 %) had a multi-location
attack as their first attack included in the study, i.e. they had
symptoms at more than one anatomical location (Table 2).
Notably, two patients had an attack involving five anatomical
sites. Twenty-nine (88 %) of the 33 multi-location attacks
involved at least one peripheral location, most frequently the
hands and arms. In 11 (33 %) patients, the multi-location
attack only involved peripheral locations. Furthermore, 16
(48 %) patients had abdominal symptoms as part of their
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Table 1  Characteristics of the HAE patients included

Swelling at 1 location Swelling at >1 location All patients p value
Patients (n) 71 (60 %) 48 (40 %) 119 (100 %) 0.698
* Male (n) 16 (37 %) 27 (36 %) 43 (36 %) 0.308
 Female (n) 32 (42 %) 44 (48 %) 76 (64 %)
+ Age (years) 37 (13-71)* 35 (16-67)* 36 (13-71)*
Prophylactic treatment () 41 (58 %) 30 (63 %) 71 (60 %) 0.704
* Androgens (n) 34 (48 %) 21 (44 %) 55 (46 %) 0.710
« CIINH (n) 5(7 %) 6 (13 %) 11 (9 %) 0.347
Attacks/year (1) 20 (0-150)* 24 (3-106)* 20 (0-150)* 0.435
fC1INH at screening (U/ml) <28 (<28-60)° <28 (<28-38)° <28 (<28-60)° 0.645
C4 at screening (pg/mL) 56 (7.25-320) 69 (7.25-214) 57 (7.25-320)* 0.352
*Median (range)

® Both median and minimum under detection limit of the assay

multi-location attack; 10 (30 %) patients had OFPL symptoms
and 6 (18 %) patients had genitourinary symptoms (Table 2).

Forty-nine patients had in total 100 subsequent hospi-
tal admissions because of a repeated attack during the
study period. The interval between the first and second
hospital admission varied from 3 to 562 days with a
median interval of 51 days (iq range=22-138). There
was no significant difference in the time interval until
the second attack after a multi-location or a single loca-
tion attack (p=0.382).

Thirty-four of these 100 (34 %) repeated attacks were
multi-location attacks (Table 3). Altogether, 48 (40 %) of
119 patients had a total of 67 multi-location attacks.
Combinations of abdominal with peripheral symptoms
were with 22 (34 %) cases most reported. There was
no difference in age (p=0.308), gender (p=0.698), use of

Table2  Anatomical locations of swelling in 33 HAE patients that had
a multi-location attack as their first attack during the study period

Total attacks () 119
86 (72 %)

33 (28 % of all attacks)
* 20 (60 % of multi-location attacks)

Attack at single location (1)

Attack at multiple locations ()
* Two locations

» Three locations e 8(24 %)

* Four locations * 309 %)

* Five locations e 2(6 %)

Peripheral 30 (90 % of multi-location attacks)
» Hand/hands * 19 (58 %)/ 6 (18 %)
 Foot/feet e 12 (40 %)/ 7 (23 %)
* Knee(s) * 309 %)

* Back * 13 %)

* Elbow(s) * 1(3%)

* Buttock * 13 %)

* Chest * 13 %)

* Breast * 13 %)

Abdominal 16 (48 %)
Oro-facial-pharyngeal-laryngeal 10 (30 %)
Genitourinary 6 (18 %)

prophylactic medication (p=0.56) and the number of
reported attacks on a yearly basis (median, 20; range,
0-150; p, 0.435) between patients with at least one
multi-location attack during the study and patients that
had a single affected location (Table 1). Laryngeal in-
volvement was suspected when patients had difficulty
breathing (VAS score >20 mm), a changing voice (VAS
score >50 mm) and/or difficulty with swallowing (VAS
>50 mm). Patients that had a multi-location attack with
one location in the OFPL region were not more likely to
have laryngeal involvement as part of their OFPL loca-
tion compared to patients that had OFPL swelling as
their only attack location (p=0.768).

The frequency of a multi-location attack in the subgroup of
49 patients that had repeated was with 34 % comparable with
that of the total study population. In total, the database
contained data of 25 subsequent attacks occurring after a
multi-location attack. Fourteen (56 %) multi-location attacks
were followed by another multi-location attack, suggesting
that multi-location attacks are often followed by another
multi-location attack.

Table 3  Frequency of multiple location attacks in 119 HAE patients

Attack included Attacks (n) Multi-location attacks
n (%)
Attack #1 119 33 (27 %)
Attack #2 49 17 (35 %)
Attack #3 23 12 (52 %)
Attack #4 10 3 (30 %)
Attack #5 6 0(0 %)
Attack #6 2 (50 %)
Attack #7 3 0
Attack #8-12 5% 0
Total 219 67 (31 %)

#One patient had 12 attacks that were included in the study
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Table4  Overview of the frequency of various courses of VAS scores in
multi-location attacks

n (%) Examples
in Fig. 1
Simultaneous increase or decrease of VAS 1022%) A
scores at different locations with <20 mm
difference in VAS score at any time point
Simultaneous increase or decrease of VAS 16 (35%) B
scores at different locations with >20 mm
difference in VAS score at >1 time point
Increase of VAS score of one location 13 (28 %)* C
decrease of VAS score of the other with
>20 mm difference in VAS score
Start of location 2 >30 min after location 1 5(11%) D
End of location 2 >2 h after location 1 24 %) E

*Two patients had three affected areas of which one location in each
patient showed a different clinical course

Fig. 1 Examples of the course of a .
overall severity VAS scores at two

locations. Data of five patients are 2 g0l
depicted, the actual anatomical ;,
locations involved are given. 5 607
Example A: VAS scores in § 0]
abdomen and left thigh and knee s
differ less than 20 mm and g 20
decrease simultaneously. °

Example B: VAS scores in s e e e
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for each location separately, except for the cases in which a
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fore, overall severity VAS data from two or more different
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The course of the overall severity VAS scores for the
different locations of multi-location attacks could be discrim-
inated in five different patterns (Table 4; Fig. 1). As a first
pattern, symptoms at different sites had a comparable course:
they either increased or decreased together. This pattern was
subdivided in cases in which VAS scores of the different
locations at no point in time differed by more than 20 mm
(n=10) and in the cases in which the difference in VAS scores
at some time point was more than 20 mm (n=16). A third
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whereas the VAS score of the other location decreased on at
least one time point (n=13), leading to a difference in VAS
scores of >20 mm in the course of the attack. In a fourth
category, the attack initially was a single location attack with a
second location becoming manifest later (n=5). Finally, in a
fifth category, symptoms at one location had resolved, while
symptoms at another location were still at least moderate, i.e.
>20 mm by VAS, two time points later (n=2).

Six patients that received saline treatment experienced
a multi-location attack. In four of the saline-treated pa-
tients, VAS scores showed a similar course. In one
saline-treated case, OFPL symptoms were slowly resolv-
ing, while symptoms in the right hand were still devel-
oping (see Fig. 1, example C). In another patient, ab-
dominal symptoms started to resolve 15 min after start of
saline infusion while symptoms in the right and left foot
still worsened and did not decrease until 4 h after start of
saline treatment.

Altogether, in 26 (56 %) patients, the VAS scores in all
locations trended together. In 18 episodes (44 %), this was not
the case.

Course of Single Versus Multi-location Attacks

In general, overall severity VAS scores did not differ between
the most severe location of a multi-location attack and the
overall severity VAS score of a single location attack. How-
ever, VAS scores of the most severe location of multi-location
attacks were significantly higher 1 h before thC1INH respec-
tively saline infusion (»p=0.019) and significantly lower 48 h
after infusion (p=0.0036), compared to those of single loca-
tion attacks.

The time until all symptoms had become minimal, i.e. were
scored below 20 mm on VAS, was significantly longer in
multi-location attacks (median, 480 min; interquartile range,
1831107 for multi-location attacks) as compared to single
location attacks (median, 241 min; interquartile range, 77—
505 min; p=0.015).

CRP in Single Versus Multi-location Attacks

CRP levels of patients with a multi-location attack during
the study period did not significantly differ from patients
that did have single location attacks, except at 22 days
after the attack when CRP levels in the multi-location
group were higher (p=0.013). The lowest CRP levels
were found in patients that only had one severe attack
and only in a single location (#=48); at any time point,
CRP levels in this group were lower than in patients that
had more than one angioedema attack during the study
period (n=49) (screening: p=0.002; at 45 min before
treatment: p=0.0004; at 24 h after start of treatment: p=
0.013 and at 22 days after the attack p=0.0002).

Discussion

The aim of this study was to evaluate the frequency and
clinical symptoms of multi-location attacks in patients with
HAE. Four main findings regarding such attacks were obtain-
ed. First, more than a third (40 %) of the HAE patients
included had at least one multi-location attack during the
study. Secondly, symptoms could occur in up to five
anatomical locations in individual patients. Thirdly,
symptoms in different locations seemed to wax and wean
together in most attacks. And lastly, patients with a
multi-location attack had a higher chance that their sub-
sequent attack also was a multi-location attack as com-
pared to patients with a single location attack.

Though multi-location attacks in HAE have been men-
tioned in the literature [1, 3—10], a detailed description of such
attacks in a large cohort of patients has not been reported.
Using clinical trial data does not have the recall bias of
retrospective studies using patient questionnaires. Therefore,
considering the number of attacks, the number of patients, as
well as the methodology used, the results reported here give a
reliable estimate of the occurrence of multi-location attacks in
HAE. Since most attacks in this analysis were treated with
rhC1INH, the course described for these attacks may not
represent their natural history.

Our data support that attacks located at multiple anatomical
sites are common in HAE, occurring in about 30 % of severe
attacks. Previous studies reported that 25 up to 55 % of attacks
at hospital admission were multi-location attacks [7-9]. Like-
wise, data from patient questionnaires showed that 24 % of
HAE patients had a multi-location attack as their last attack [6]
and 50 % of patients reported to have had a multi-location
attack in the past [7]. The multi-location attacks reported in
our study involved various combinations of distinct and some-
times remote anatomical sites. This observation was also
made in a study with patients experiencing an abdominal
attack; 51 % of patients also had swellings at other sites than
the intestine [9]. Furthermore, in general, symptoms at differ-
ent anatomical sites tended to develop and resolve more or
less simultaneously rather than having an independent course
such as resolving in one place while emerging in the other. In
the few patients in whom a second symptomatic location
developed later in the course of the attack, the course of the
symptoms at this new location mostly resembled that of the
symptoms at the initial location. Though we observed in some
attacks that one location resolved more rapidly than the other
(see example E, Fig. 1), this pattern was the exception. There-
fore, our data support that the course of most symptoms of
different anatomical locations in one patient is comparable
during an HAE attack. Differences in the course of some
symptoms may reflect local differences of fluid resorption rate
by the involved tissues rather than basic differences in the
biochemical processes leading to angioedema. The finding

@ Springer



Clinic Rev Allerg Immunol

that symptoms can trend together in a number of symptomatic
sites was noted before in a secondary analysis of RCT data by
Vernon and colleagues [10]. This observation was based on
patient symptom reports. However, in this secondary analysis,
the symptom that reports data about multi-location attacks was
not further analysed or shown.

The finding that multi-location attacks tend to reoccur in
some HAE patients has not been previously described to our
knowledge. Additional investigations are necessary to con-
firm this since the subgroup with multi-location attacks and
subsequent attacks in this study was relatively small. At the
moment, we can only speculate about the reasons for this
observation.

Angioedema attacks in HAE can apparently be triggered
by local activation of factor XII due to insufficient control by
C1INH by minor trauma [1]. An intriguing question is how
symptoms can occur at multiple sites in the body during an
attack which is triggered by a local activation process. One
may postulate in particular cases that such local activation
processes occur at two different places in the body. However,
here, we report that the course in time of symptoms at various
sites of multi-location attacks is quite comparable, which is
unexpected in case angioedema at the involved sites would be
triggered by independent local activation processes. More-
over, it is difficult to envision that multiple local activation
processes would occur so frequently, i.e. in about 30 % of the
severe attacks, and would occur at more than two places—i.e.
at up to five places—in the body at the same time. Therefore,
we postulate that the data reported here support the hypothesis
that local angioedema formation in HAE patients result from a
systemic rather than a local activation process. We suggest
that this systemic activation process involves fluid-phase ac-
tivation of factor XII and the contact system leading to in-
creased levels of bradykinin and breakdown products in the
circulation [14-18]. The bradykinin receptor B2 (B2R) is
considered to be a key receptor increasing vasopermeability
in HAE attacks [19, 20]. However, in case of a systemic
activation of the contact system, the distribution of this recep-
tor throughout the whole vasculature cannot explain localiza-
tion of attacks. Therefore, we suggest reconsidering the role of
the bradykinin receptor B2 (B1R). BIR can increase vascular
leakage but, in contrast to B2R, is not constitutively expressed
throughout the circulation. Involvement of BIR in angioede-
ma formation in HAE has been suggested in a study in which
increased vasopermeability in mesenteric microvessels in rats
by active phase HAE plasma was shown to be dependent on
both BIR and B2R [21]. We suggest that local up-regulation
of BIR by cytokines such as interleukine-1(3 and tumour
necrosis factor-a (TNF-«) [22, 23] explains localization of
angioedema triggered by a systemic activation of the contact
system. Therefore, we suggest that local up-regulation of BIR
at various anatomical sites possibly triggered by low systemic
levels of such cytokines could explain the occurrence of multi-
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location attacks in HAE. Notably, two recent analyses of CRP
levels and cytokines in HAE patients support low grade
systemic release of cytokines in many HAE patients [24, 25].

In conclusion, severe angioedema attacks often affect mul-
tiple sites in the body in HAE patients. These clinical obser-
vations support that HAE attacks are triggered by a systemic
rather than a local activation process.

Authors and Contributors All authors participated in the study design
and protocol for data analysis. The analyses were carried out by Zonne
Hofman who also prepared the first draft of the manuscript. Erik Hack
and Anurag Relan contributed to the interpretation of the data and revised
the manuscript. All authors read and approved the final manuscript.

Conflict of Interest Zonne Hofman declares that she has no conflict of
interest. Erik Hack has received consultancy fees from Pharming Tech-
nologies in the past. Anurag Relan is an employee of Pharming
Technologies.

Funding The studies described in this paper were not funded. The data
utilized for these studies are from clinical trials sponsored by Pharming
Technologies NV.

References

1. Osler W (1888) Hereditary angio-neurotic oedema. Am J Med Sci
95:362-367

2. Donaldson VH, Evans RR (1963) A biochemical abnormality in
hereditary angioneurotic edema: absence of serum inhibitor of C1-
esterase. Am J Med 31:37-44

3. Bork K, Meng G, Staubach P, Hardt J (2006) Hereditary angioedema:
new findings concerning symptoms, affected organs, and course. Am
J Med 119:267-274

4. Agostoni A, Aygoren-Piirsiin E, Binkley K et al (2004) Hereditary
and acquired angioedema: problems and progress: proceedings of the
third C1 esterase inhibitor deficiency workshop and beyond. J
Allergy Clin Immunol 114:S51-S131

5. Nzeako UC, Frigas E, Tremaine WJ (2001) Hereditary angioedema:
a broad review for clinicians. Arch Intern Med 161:2417-2429

6. Caballero T, Aygoren-Piirsiin E, Bygum A et al (2013) The human-
istic burden of hereditary angioedema: results from the burden of
illness study in Europe. Allergy Asthma Proc. doi:10.2500/ aap.2013.
34.3685, Advance online publication

7. Cicardi M, Bergamaschini L, Marasini B, Boccassini G, Tucci A,
Agostoni A (1982) Hereditary angioedema: an appraisal of 104 cases.
Am J Med Sci 284:2-9

8. Kusuma A, Relan A, Knulst AC et al (2012) Clinical impact of
peripheral attacks in hereditary angioedema patients. Am J Med
125:937.e17-24

9. Rubinstein E, Stolz LE, Sheffer AL, Stevens C, Bousvaros A (2014)
Abdominal attacks and treatment in hereditary angioedema with C1-
inhibitor deficiency. BMC Gastroenterol 14:71

10. Vernon MK, Rentz AM, Wyrwich KW, White MV, Grienenberger A
(2009) Psychometric validation of two patient-reported outcome
measures to assess symptoms severity and changes in symptoms in
hereditary angioedema. Qual Life Res 18:929-939
11. Choi G, Soeters MR, Farkas H et al (2007) Recombinant human C1-

inhibitor in the treatment of acute angioedema attacks. Transfusion
47:1028-1032


http://dx.doi.org/10.2500/%20aap.2013.34.3685
http://dx.doi.org/10.2500/%20aap.2013.34.3685

Clinic Rev Allerg Immunol

12.

13.

14.

15.

16.

17.

18.

Zuraw B, Cicardi M, Levy RJ et al (2010) Recombinant human C1-
inhibitorfor the treatment of acute angioedema attacks in patients
with hereditary angioedema. J Allergy Clin Immunol 126:821-827
McMillan CV, Speight J, Rela A, Bellizzi L, Haase G, Cicardi M
(2012) Content validity of visual analog scales to assess symptom
severity of acute angioedema attacks in adults with hereditary angio-
edema: an interview study. Patient 5:113-126

Nussberger J, Cugno M, Amstutz C, Cicardi M, Pellacani A,
Agostoni A (1998) Plasma bradykinin in angio-oedema. Lancet
351:1693-1697

Zuraw BJ (2008) Hereditary angioedema. N Engl J Med 359:1027—
1036

Pappalardo E, Caccia S, Sufftitti C, Tordai A, Zingale LC, Cicardi M
(2008) Mutation screening of C1 inhibitor gene in 108 unrelated
families with hereditary angioedema: functional and structural corre-
lates. Mol Immunol 45:3536-3544

Maurer M, Bader M, Bas M et al (2011) New topics in bradykinin
research. Allergy 66:1397-1406

Nussberger J, Cugno M, Cicardi M, Agostoni A (1999) Local bra-
dykinin generation in hereditary angioedema. J Allergy Clin
Immunol 104:1321-1322

19.

20.

21.

22.

23.

24.

25.

Leeb-Lundberg LM, Marceau F, Muller-Esterl W, Pettibone DJ,
Zuraw BL (2005) International union of pharmacology. XLV.
Classification of the kinin receptor family: from molecular mecha-
nisms to pathophysiological consequences. Pharmacol Rev 57:27-77
Han ED, MacFarlane RC, Mulligan AN, Scafidi J, Davis AE 3rd (2002)
Increased vascular permeability in C1 inhibitor-deficient mice mediated
by the bradykinin type 2 receptor. J Clin Invest 109:1057-1063

Bossi F, Fischetti F, Regoli D et al (2009) Novel pathogenic mech-
anism and therapeutic approaches to angioedema associated with C1
inhibitor deficiency. J Allergy Clin Immunol 124:1303-1310

Zhou X, Polgar P, Taylor L (1998) Roles for interleukin-1beta,
phorbol ester and a post-transcriptional regulator in the control of
bradykinin B1 receptor gene expression. Biochem J 330:361-366
Phagoo SB, Yaqoob M, Herrera-Martinez E, Mclntyre P, Jones C,
Burgess GM (2000) Regulation of bradykinin receptor gene expres-
sion in human lung fibroblasts. Eur J Pharmacol 397:237-246
Hofman ZLM, Relan A, Hack CE (2014) C-reactive protein in
hereditary angioedema. Clin Exp Immunol 177:280-286

Arcoleo F, Salemi ML, Porta A et al (2014) Upregulation of cyto-
kines and IL-17 in patients with hereditary angioedema. Clin Chem
Lab Med 52:¢91-¢93

@ Springer



	Hereditary Angioedema Attacks: Local Swelling at Multiple Sites
	Abstract
	Introduction
	Patients and Methods
	Study Design
	Patients
	Data Analysis

	Results
	Patients Included in the Study
	Symptoms and Frequency of Multi-location Angioedema Attacks
	VAS Scores of Multi-location Angioedema Attacks
	Course of Single Versus Multi-location Attacks
	CRP in Single Versus Multi-location Attacks

	Discussion
	References


