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A B S T R A C T

Background: A new variant of hereditary angioedema has been reported during the last decade. Threemain
characteristics distinguish it fromclassic hereditary angioedema: normal C1 inhibitor activity, predominance
in women, and different genetic alterations.
Objective: To assess the symptoms, laboratory findings, and treatment of a population with type III heredi-
tary angioedema from Northwest Spain.
Methods: We studied 29 patients (26 female and 3 male) from 13 different families.
Results: The 26 female patients showed a similar clinical pattern to the classic forms of hereditary angioedema,
and22of thesepatientshad theestrogen-dependentphenotype. Threepatientshadanegative familyhistory, and
1 of the parents was confirmed as an asymptomatic carrier in 2 of them. All had functional C1 inhibitor activity
within the normal range in periods without high estrogen levels, but during attacks (in female patients) and
pregnancy, activitydecreased tobelow50%.OnemalepatienthadnormalC1 inhibitor activityduring attacks, and
hewas initially diagnosed as having idiopathic angioedema. The C4 and antigenic C1 inhibitor levelswere always
normal. All studiedpatientshad the c.1032C�A, Thr309Lysmutation in the factorXII gene. Themutationwas also
found in asymptomatic relatives: 5 of 6men studied and 1 of 8 women studied.
Conclusion: Positive family history is a diagnosis criterion, but it could be lacking because there may be
asymptomatic relatives, primarily males.
� 2012 American College of Allergy, Asthma & Immunology. Published by Elsevier Inc. All rights reserved.
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Introduction

The classic forms of hereditary angioedema (HAE), types I and II,
are caused by abnormal C1 inhibitor (C1-INH) function due to muta-
tions in the gene encoding this inhibitor (SERPING1). Type III HAE, also
knownas estrogen-relatedHAE orHAEwith normal C1-INH function,
is considered a novel type of HAE. The first report in the literature, by
Warin et al,1 dates back to 1986 and describes 2 sisters who experi-
enced severe angioedema attacks only when taking oral contracep-
tives (OCs) andduring pregnancy. Fourteen years later, Bork et al2 and
Binkley andDavis3 reported thefirst series of patients, and themolec-
ular basis for the disease was described by Dewald and Bork4 and
Cichon et al5 in 2006. Two different missense mutations in the gene
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hat codifies for coagulation factorXII (FXII)wereonly found in20%6 to
4.5%7 of unrelated familieswith type III HAE (HAE-FXII).Moreover, a
ovel FXII gene mutation, a 72–base pair deletion (c.971_1018�

4del72*), has been recently identifiedbyBork et al8 in a single family
f Turkish origin. However, the genetic basis responsible for the dis-
ase in the remaining type III HAE families has yet to be found. Bork et
l have proposed the denominationHAE-unknown7 for this variant of
he disease.

Currently, several aspects of this novel type of HAE need to be
larified to improve diagnoses and therapeutic management. The
im of this study is to describe the clinical and biological character-
stics and the therapeutic management of 29 patients from 13
ifferent families with type III HAE. All families were from the
alicia region, located on the northern Atlantic coast of Spain, and
hey did not have an apparent familial relationship.

ethods

tudy design

We conducted an analysis of patients with type III HAE studied

y our group since 2000, when our first family (family 1) was

munology. Published by Elsevier Inc. All rights reserved.
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described at the XXII National Congress of Spanish Society of Aller-
gology and Clinical Immunology, around the same time the first
cases of type III HAE were being described. All patients had experi-
enced recurrent angioedema attacks unresponsive to corticoste-
roids and antihistamines, without associated urticaria, and with
normal C1-INHmeasurements in basal periods (not so during high
estrogen states and attacks). Estrogen influence was suspected in
the index patients because they all presentedwith recurrent angio-
edema attacks exclusively ormainly in periods of exogenous estro-
gen intake and/or pregnancy.

Laboratory methods

C1-INH and C4 levels were measured by nephelometry. C1-INH
function was quantified with a chromogenic assay (Berichrom,
Siemens, Marburg, Germany). These determinationswere assessed
at the Reference Laboratory (Barcelona, Spain) with careful atten-
tion to sample handling for complement. In all cases, biological
sampling was performed in basal periods and, when possible, also
during attacks and in high estrogen states.

Genetic study

Genetic screening was performed in patients and in healthy
relatives without angioedema symptoms. Blood samples were
taken after written informed consent from the patients and their
relatives, and approval was obtained from the institutional review
board.

DNA extraction. DNA samples were extracted from peripheral
blood mononuclear cells using Gentra Puregene BloodCore (Qia-
gen, Valencia, California) and following themanufacturer’s instruc-
tions.

Genetic profile. Exon 9 of the FXII gene was screened by polymer-
ase chain reaction and direct sequencing. Briefly, polymerase chain
reactionswere set up in a final volume of 30 �L containing 0.5 �g of
genomic DNA, 2mM deoxynucleotide triphosphates, 0.8 mMmag-
nesium chloride, and 2.5U of TaqDNApolymerase (RocheDiagnos-
tics GmbH, Mannheim, Germany) and using the primers (10 pmol
each) and cycling conditions previously described.5 Amplified
products were purified from a 2% lowmelting agarose gel using the
QIAquick gel extraction kit (Qiagen Inc, Valencia, California). The
sequencing reactions were performed in 10 �L, with a 5- to 20-
pmol primer and using Big Dye terminator cycle sequencing v.3.1
(Applied Biosystems, Foster City, California). Sequencing products
were precipitated in 65% ethanol, washed twice in 70% ethanol, and
analyzed on an automatic sequencer (ABI-PRISM 3130; Applied
Biosystems).

Case description

A detailed description of 29 patients with HAE from 13 unre-
lated families is provided in the eMethods.

Results

A total of 29 patients from 13 unrelated families were studied
during a 12-year period. Most patients were female (26/29, 89.6%),
with only 3 affected males, who belonged to the same family. One
of these male patients (patient 3.2) had been previously diagnosed
as having nonhistaminergic idiopathic angioedema. Most of the
patients had recurrent angioedemawith variable localization (face-
hands-feet-abdomen-upper airway), except for 6 of them,who had
exclusively facial attacks. The age at attack onset ranged from 14 to
55 years, with a mean age of 23.9 years.

Four of the index cases had no similar cases reported in their
families initially (negative family history in 4 of 13 index cases). In
the following years, a relative (family 9) began to experience at-

tacks. In family 3, the first patient who started to have angioedema f
ttacks (patient 3.2) was not the index case because he was male,
nd several years passed until anothermember of the family began
o have symptoms suggestive of type III HAE.

All the female patients, except one (patient 10.2), experienced
ngioedema attacks exclusively ormainly in high estrogen states as
C intake or pregnancy. Patient 10.2 presented with 10 attacks
uring 7 years in which she neither got pregnant nor received
xogenous estrogens; however, her daughter (patient 10.1) expe-
ienced attacks exclusively during OC intake.

Complement determinations showed normal C4 and C1-INH
evels in all patients during basal or high estrogen periods. Never-
heless, C1-INH activity was below 50% in 5 attacks (2 during
regnancy and 3 during OC intake) and in the 5 pregnancies tested
ut was found to be normal in 5 determinations performed during
C intake and during 2 attacks in the male patient.
The main clinical and laboratory findings for the study patients

re summarized in Tables 1 and 2, respectively.
A total of 11 acute attacks in 4 patients were treated during the

ollow-up years. Intravenous tranexamic acid, 1,000 mg, was ad-
inister in 6 attacks, C1-INH concentrate, 1,000 U, in 2 attacks, and

catibant in 3 attacks. The results were variable (Table 3).
Follow-up data on 6 pregnancies of 3 patients are also given

Table 4). Oral tranexamic acid was effective as long-term prophy-
axis treatment in the first pregnancy of patient 1.1. and the preg-
ancy of patient 7.1 (500–1,000 mg 3 times daily) because the
atients did not experience any more attack after beginning the
reatment (from the 17th and 12th gestation weeks, respectively).
owever, the attacks appeared despite long-term prophylaxis
reatment in the last pregnancies of patient 1.1 (12 attacks with
ranexamic acid, 500 mg 3 times daily) and patient 3.1 (27 attacks
ith tranexamic acid, 1,000 mg three times daily), although both
atients reported that attacks were less severe.
Genetic studies revealed that a single, commonmutation in the

XII gene (c.1032C�A, Thr309Lys) was segregating in all the af-
ected families. All the patients underwent genetic study except for
of 6 patients from family 1 (Table 2). The results of the genetic
tudies on 14 healthy relatives (6 male and 8 female) are given in
able 5.

iscussion

Clinical heterogeneity is evident in patients with type III HAE.
he diagnosis of this type of angioedema remains challenging be-
ause no specific assay is available except for genetic study, and
ven genetic data are not always diagnostically useful as proven in
he literature.6,7 However, in all our families, whose index case
resentedwith clinical symptoms suggestive of type III HAE (recur-
ent estrogen-related angioedema without urticaria, nonrespon-
ive to corticosteroids and antihistamines, with normal C1-INH
easurements in basal periods), the genetic study result was pos-

tive for the missense mutation (c.1032C�A, Thr309Lys) in the FXII
ene. The other 2 mutations described by Bork et al in 2 families of
erman origin (c.1032C�G Thr309Arg)7 and in a family of Turkish
rigin (c.971_1018�24del72*),8 were not found in patients from
ur area. It is generally accepted that 3 patterns of HAE exist in
omen9: estrogen dependent (specific phenotype of this variant),
strogen sensitive (phenotype common to classical HAE), and
strogen independent. Most of our female patients had attacks
xclusively in high estrogen states, and 3 patients also developed
pisodes outside those periods. Only 1 female patient has an estro-
en-independent phenotype. This different phenotypic pattern is
ot explained by the genotype at the FXII locus because all of the
atients carry the same genetic alteration. In their series, Duan et
l10 demonstrated the involvement of other genetic polymor-
hisms associated with low levels of both aminopeptidase P and
ngiotensin I–converting enzyme, the major enzymes responsible

or bradykinin degradation, and they speculated that these genetic
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variants might contribute to the diversity of clinical phenotypes.
High estrogen levels increase expression of overactive mutant
forms of FXII and suppress angiotensin I–converting enzyme and
possibly aminopeptidase P, thus conditioning its role in this type of
HAE.11 In contrast to our findings, Bork et al12–14 did not find as
strong estrogen influence as we did, and they concluded that the
negative effect of estrogens is similar in all types of HAE.

Because all the patientswhowere described firstwere female, it
was assumed that the clinical phenotype might be limited to the
females. However, in recent years families with symptomatic
males have been reported.6,15,16 In our series 3 symptomatic men
from the same family have been studied. Interestingly, 1 of them
(patient 3.2) was initially diagnosed as having nonhistaminergic
idiopathic angioedema, andonly the fact that his daughter later had
recurrent angioedema with a type III HAE phenotype led us to
perform genetic studies on both. We speculate that some patients
diagnosed as having nonhistaminergic idiopathic angioedema
might actually have type III HAE, and as long as no other relatives
develop symptoms specific to this variant of HAE, the clinical diag-
nosis is difficult. In addition, and as reported in othermales affected
by type III HAE, male patient 3.2 (but not his 2 affected sons) had a
different phenotypic expression of the disease with late onset
(sixth decade of life), which is in contrast to the remaining patients,
whopresentedwith the disease in the second to fourth decades and
had only facial angioedema. Five other female patients from our
series also had exclusively facial attacks, as did 3 patients from a
recently reported family of Arab origin.17 Bork et al18 have found
facial swelling to be more frequent in this HAE variant.

A family history of angioedema may not be present in all cases,
unlike what has been previously been described.6,18 In our HAE-
FXII series, 3 patients had no family history of angioedema, and the
diagnosis was suspected because of estrogen influence in the clin-
ical expression of the disease. Genetic studies performed on 2 of the

Table 1
Clinical data on 29 family members affected by type III hereditary angioedema

Patient
No.

Sex/age,
y

Age at
onset, y

Family history
of AE

Laryngeal
edema

Abdominal att

1.1 F/36 22 Yes Yes Yes (A)
1.2 F/61 29 Yes No Yes
1.3 F/50 28 Yes No No
1.4 F/56 35 Yes No No
1.5 F/48 33 Yes No No
1.6 F/52 21 Yes No No
2.1 F/24 21 No Yes Yes (A)
3.1 F/35 20 Yes Yes Yes
3.2 M/63 55 Yes No No
3.3 M/32 28 Yes No No
3.4 M/22 14 Yes No No
4.1 F/33 28 Yes No Yes
4.2 F/58 21 Yes No No
5.1 F/32 19 Yes No Yes
5.2 F/23 16 Yes No Yes
5.3 F/60 28 Yes No No
6.1 F/20 20 Yes No Yes
6.2 F/77 22 Yes Yes No
7.1 F/26 17 No No No
8.1 F/30 15 No No No
9.1 F/26 23 Yes No No
9.2 F/23 22 Yes No No
10.1 F/24 19 Yes No No
10.2 F/53 44 Yes No No
11.1 F/36 18 Yes No Yes
11.2 F/53 17 Yes No No
12.1 F/33 15 Yes No No
13.1 F/23 19 Yes No Yes
13.2 F/62 25 Yes Yes No

Abbreviations: A, white appendectomy; AE, angioedema; NA, not applicable.
aTime since index case diagnosis.
families demonstrated that 1 of their parentswas an asymptomatic s
arrier (the father of patient 2.1 and the mother of patient 7.1).
ikewise, the FXII gene mutation was identified in 5 of 6 male
symptomatic relatives studied. In contrast, only 1 of the 8 asymp-
omatic female relatives studied presented the mutation (the
other of patient 7.1). Strikingly, patient 7.1 had 2 pregnancies and
as treated with OCs for 3 months and never experienced angio-
dema attacks. Symptomatic patients are mostly female because
ales lack female-specific risk factors or have male-specific pro-

ective factors.16 In this novel type of HAE, additional factors are
eeded for its clinical expression, and it is predictable that healthy
arriersmay exist. Besides,we think that the follow-up time span is
mportant, as reflected by the fact that 2 of our patients had no
amily history at the time of the first diagnosis (patient 3.2 and 9.1)
nd symptomatic relatives were only later identified.
This new variant of HAE was initially characterized by normal

evels of C1-INH andC4, even during attacks.2,19–23 However, Bouil-
et et al24 and others6,15 found C1-INH activity to be normal or near
ormal in symptom-free periods but lower during contraceptive
reatment in 67% of the female patients tested. Picone et al25 de-
cribed 2 pregnant patients who also had transient deficiencies of
1-INH function. Our patients also had C-INH activity within a
ormal or near-normal range outside high estrogen periods. This
1-INHactivity decreased (below50%) during the attacks (5 attacks
ested) and in high estrogen states during pregnancy (5 pregnan-
ies tested) but not with combined contraceptive treatment (5
atients tested). Two patients (patients 5.1 and 5.2) had normal
1-INH function during contraceptive treatment but exhibited
ecreases during attacks. Male patient 3.2 was the only one with
onserved C1-INH function during attacks. In all cases, C1-INH and
4 levels remainedwithin the normal range. This is the first report,
o our knowledge, of patients with type III HAE inwhich a transient
eficiency of C1-INH activity is demonstrated during attacks. Per-
aps C1-INH binding to bradykinin-forming enzymes during

Trauma as
triggering factor

AE exclusively in
high estrogen states

AE mainly in high
estrogen states

Family
follow-up, ya

No Yes 11
Yes Yes
No Yes
No Yes
No Yes
No Yes
No Yes 3
Yes Yes 6
No NA NA
No NA NA
Yes NA NA
Yes Yes 5
No Yes
Yes Yes 2
No Yes
No Yes
No Yes 3
No Yes
No Yes 1
No Yes (?) 1
No Yes 4
No Yes
Yes Yes 3
No No No
No Yes 2
No Yes
No Yes 3
Yes Yes 3
Yes Yes
ack
welling attacks leads to temporary C1-INH depletion. Thus, we
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propose avoiding the term HAE with normal C1-INH function
when referring to this new variant of HAE, and we suggest that
type III HAE, proposed by Bork et al,2 would be the most appro-
priate nomenclature.

Currently, no treatment for type III HAE has been established,
but there is increasingly successful experience in attack treatment
with C1-INH concentrate in 64 attacks,6,7,26 tranexamic acid in 1
attack,20 icatibant in 3 abdominal attacks,27 and ecallantide in one
facial attack.28 In contrast, C1-INH concentrate was not effective in
12 reported attacks.2,7 In our patients, we obtained clearly favor-
able results in 2 of 3 patients treated with icatibant, 1 of 2 patients
treated with C1-INH concentrate, and 1 of 6 patients treated with
intravenous tranexamic acid. We also prescribed tranexamic acid

Table 2
Laboratory data on 29 family members affected by type III hereditary angioedemaa

Patient No. Basal C4,
mg/dL

HEE C4,
mg/dL

Attack C4,
mg/dL

Basal C1- INH activity,
%

HEE C1-I

1.1 28 26.8 (G) 39.6 83 64 (fir
30.9 (G) 12 (th

�10 (th
1.2 30 ND ND 87 ND
1.3 30.3 ND ND 83 ND
1.4 23 ND ND 85 ND
1.5 ND 26 (OC) ND ND 98 (OC
1.6 25.6 ND ND 109.62 ND
2.1 13.2 ND ND 87 ND

12.8 62
3.1 24 ND 31.2 93 ND
3.2 25.2 NA 26.2 127 NA

27.9
3.3 25.9 NA ND 109 NA
3.4 18.3 NA ND 90.42 NA
4.1 28.4 ND ND 124 ND
4.2 55.7 ND ND 119 ND
5.1 ND 25.2 (OC) 24 ND 99 (O
5.2 ND 21.2 (OC) 21.8 ND 70.8 (O
5.3 24.2 ND ND 131 ND
6.1 21 24 24 99 ND
6.2 29 ND ND 91 ND
7.1 21.9 24.1 (G) ND 108 13 (G)

37 (G)
8.1 21.8 ND ND 120 ND
9.1 16 ND ND 116 ND
9.2 11.3 ND ND 86 ND
10.1 ND 18 ND ND 91 (O
10.2 34 ND ND 114 ND
11.1 ND 19.8 (G) ND ND 47.27 (G)
11.2 16 ND ND 114 ND
12.1 30 ND ND 114 ND
13.1 23.4 23 (OC) ND 112 117 (O
13.2 30 ND ND 120 ND

Abbreviations: Basal, outside high estrogen states (gestation or exogenous estrogen i
states; NA, not applicable; ND, not determined; OC, oral contraceptives.
aNormal ranges are as follows: C4 protein, 15 to 40 mg/dL; C1-INH activity, 70% to 1

Table 3
Treatment in acute attacks

Patient No. Period (gestational/no gestational) Attack location

1.1 First gestation Upper airway
Second gestation Upper airway
Third gestation Face

Upper airway
2.1 No gestation Upper airway
3.1 Second gestation Lip

Upper airway
Face

3.2 (Male) Face
Face
Face
Abbreviations: C1-INH, C1 esterase inhibitor; IV, intravenous.
aComplete resolution of symptoms.
s a prophylactic treatment during pregnancy with variable suc-
ess, as has been previously reported.2,6,7,29 Danazol2,7,21 and pro-
esterone7 have been successfully used in nonpregnant patients. In
recent report,26 C1-INH concentrate was used as long-term pro-
hylaxis during pregnancy at a dose of 500 U, twice monthly.
egarding short-term prophylactic treatment, only 5 cases have
een reported, and all of these patients were treated with C1-
NH.6,25,26 None of our patients without short-term prophylactic
reatment had symptoms during the 6 deliveries nor did any of the
emaining female patients (retrospective data). Because attacks
ay be triggered by dental procedures or intubation, aswith classic
AE, patients with type III HAE must also be treated before these
rocedures. However, the drug of choice and the indication of

tivity, Attack C1-INH activity,
%

Attack C1-INH protein,
mg/dL

Mutation c.1032C�A,
Thr309Lys

34 (first G) 21 (first G) Yes

ND ND Yes
ND ND ND
ND ND Yes
ND ND ND
ND ND Yes
ND ND Yes

40 (second G) 27 Yes
104 ND Yes
121 30
ND ND Yes
ND ND Yes
ND ND Yes
ND ND Yes
50 (OC) 23 Yes
44 (OC) 23 Yes
ND ND Yes
30 (OC) 31 Yes
ND ND Yes
ND ND Yes

ND ND Yes
ND ND Yes
ND ND Yes
ND ND Yes
ND ND Yes
ND ND Yes
ND ND Yes
ND ND Yes
ND ND Yes
ND ND Yes

and outside attacks; C1-INH, C1 esterase inhibitor; G, gestation;HEE, high estrogen

C1-INH protein, 22 to 45 mg/dL.

Drug (dose) Resolution timea

IV tranexamic acid (1,000 mg) 3 h
IV tranexamic acid (1,000 mg) 48 h
C1-INH concentrate (1,000 U) 48 h
C1-INH concentrate (1,000 U) 4 h
Icatibant (30 mg) � 1 h
IV tranexamic acid (1,000 mg) � 6 h
IV tranexamic acid (1,000 mg) � 6 h
IV tranexamic acid (1,000 mg) � 6 h
Icatibant (30 mg) 6 days (as without attack treatment)
IV tranexamic acid (1,000 mg) 5 days (as without attack treatment)
Icatibant (30 mg) 24 h
NH ac
%

st G)
ird G)
ird G)

)

C)
C)
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ntake)



s
e
h

f
a
i
a
y
e
a
a
i
F
a
n
d

A

L
S

R

[

[

[

[

le
4

lo
w
-u

p
of

p
re
gn

an
t
p
at
ie
n
ts

Pa
ti
en

t
1.
1

Pa
ti
en

t
3.
1

Pa
ti
en

t
7.
1
(o
n
ly

p
re
gn

an
cy

)

Fi
rs
t
p
re
gn

an
cy

Se
co

n
d
p
re
gn

an
cy

(m
is
ca
rr
ia
ge

at
19

w
ee

ks
)

Th
ir
d
p
re
gn

an
cy

Fi
rs
t
p
re
gn

an
cy

Se
co

n
d
p
re
gn

an
cy

sp
ri
n
g
se
x

M
al
e

U
n
kn

ow
n

M
al
e

Fe
m
al
e

M
al
e

M
al
e

of
at
ta
ck

s
4

4
13

4
31

8
t
at
ta
ck

,g
es
ta
ti
on

ee
k

10
7

7
U
n
kn

ow
n

8
8

t
at
ta
ck

,g
es
ta
ti
on

w
ee

k
17

(b
ef
or
e
be

gi
n
n
in
g
p
ro
p
h
yl
ax

is
tr
ea

tm
en

t)
16

(b
ef
or
e
be

gi
n
n
in
g
p
ro
p
h
yl
ax

is
tr
ea

tm
en

t)
30

U
n
kn

ow
n

38
12

(b
ef
or
e
be

gi
n
n
in
g
p
ro
p
h
yl
ax

is
tr
ea

tm
en

t)
al
iz
at
io
n
of

at
ta
ck

s
(N

o.
fa

tt
ac
ks

)
Fo

ot
A
bd

om
en

H
an

d
U
p
p
er

ai
rw

ay

H
an

d
(2
)

A
bd

om
en

U
p
p
er

ai
rw

ay

Fo
ot

(7
)

H
an

d
(4
)

Fa
ce

U
p
p
er

ai
rw

ay

Fa
ce

(4
)

Fo
ot

(1
2)

Fa
ce

(7
)

U
p
p
er

ai
rw

ay
(6
)

H
an

d
(5
)

K
n
ee

Fa
ce

(4
)

H
an

d
(3
)

Fo
ot

(1
)

g-
te
rm

p
ro
p
h
yl
ax

is
re
at
m
en

t
do

se
ge

st
at
io
n
w
ee

k
at

eg
in
n
in
g
of

tr
ea

tm
en

t)

Tr
an

ex
am

ic
ac
id
,5

00
m
g/
8–

12
h

(1
7)

Tr
an

ex
am

ic
ac
id
,5

00
m
g/
8–

12
h

(1
6)

Tr
an

ex
am

ic
ac
id
,5

00
m
g/
8
h
(7
)

N
on

e
Tr
an

ex
am

ic
ac
id
,1

,0
00

m
g/
8
h
(1
6)

Tr
an

ex
am

ic
ac
id
,1

,0
00

m
g/
8
h

(1
2)

iv
er
y

N
o
at
ta
ck

,n
o
sh

or
t-
te
rm

p
ro
p
h
yl
ax

is
N
o
at
ta
ck

,n
o
sh

or
t-
te
rm

p
ro
p
h
yl
ax

is
N
o
at
ta
ck

,n
o
sh

or
t-
te
rm

p
ro
p
h
yl
ax

is
N
o
at
ta
ck

,n
o
sh

or
t-
te
rm

p
ro
p
h
yl
ax

is
N
o
at
ta
ck

,n
o
sh

or
t-
te
rm

p
ro
p
h
yl
ax

is
N
o
at
ta
ck

,n
o
sh

or
t-
te
rm

p
ro
p
h
yl
ax

is

T
G

S

M

F

C. Marcos et al. / Ann Allergy Asthma Immunol xx (2012) xxx 5
hort-term prophylactic treatment throughout the patient’s life in
strogen-dependent HAE (with and without high estrogen states)
ave not been clearly established in the literature.
In conclusion, our 29 patients and 14 asymptomatic relatives

rom 13 different families in a Spanish region (�3,000.000 inhabit-
nts) had the samemolecular basis for the disease, with mutations
n the FXII gene (c.1032C�A, Thr309Lys). However, they had vari-
ble clinical expression: symptomatic men vs asymptomatic men,
ounger vs older age of onset, exclusively estrogen dependent vs
strogen sensitive and/or estrogen independent, exclusively facial
ttacks vs variable attack locations, and normal vs reduced C1-INH
ctivity during attacks. These facts led us to hypothesize that other
ndividual factors might influence the expression of the disease.
urther studies will be necessary to elucidate additional genetic
nd nongenetic determinants responsible for the clinical heteroge-
eity of this novel form of HAE and thus help establish definitive
iagnostic criteria.
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eMethods

Family 1

This was our first family described (oral communication at the
XXII Spanish Society of Allergology and Clinical Immunology Con-
gress, September 2000). Patient 1.1, hermother (patient 1.2), and 4
maternal aunts (patients 1.3, 1.4, 1.5, and 1.6) presented with
recurrent episodes of angioedema with variable localization (face-
hands-feet-abdomen). During an 11-year follow-up, all patients
remained asymptomatic by avoiding estrogen treatment, except
patient 1.1, who had recurrent attacks during her 3 pregnancies.
The second pregnancy ended in miscarriage at the fifth month
because of spina bifida and severe cardiac and cerebral malforma-
tions. She has remained symptom free for 18 months since her last
delivery.

Family 2

Patient 2.1 sought treatment because of several skin swellings
and 2 unexplained abdominal episodes requiring hospitalization.
In the first episode, she unnecessarily underwent an appendec-
tomy. In the second, 1 month later, she was diagnosed as having
abundant ascites and intestinal wall swelling, demonstrated by
computed tomography. The patient had begun taking oral contra-
ceptives (OCs) 4 days before her first abdominal episode, and they
were withdrawn after the second one. In the following 6 years, she
presented with several angioedema episodes located on the hands,
face, and abdomen butwith low intensity and frequency, except for
an episode of throat swellingwith dyspnea that required treatment
2 years ago.

Family 3

Patient 3.1 had recurrent angioedema 1 month after beginning
OC use. After a dental procedure, she developed a facial edema. The
episodes stopped after discontinuation of contraception use and
reappeared in her 2 pregnancies. The patient has remained symp-
tom free since her last pregnancy 2 years ago.

Her father (patient 3.2) was also studied 2 years before because
of recurrent angioedema. He has presentedwith episodes annually
during the last 8 years, always located on his face, of 1-week
duration. Our initial diagnosis was idiopathic nonhistaminergic
angioedema. This patient had taken neither testosterone blockers
nor angiotensin-converting enzyme inhibitors. In the last 3 years,
he has received angiotensin II type receptor antagonists without
worsening.

Patient 3.3, the brother of patient 3.1, has recurrent episodes of
edema on his left hand and feet at a frequency of 3 to 4 episodes per
year. They disappear spontaneously within 24 hours. Patient 3.4,
another brother of patient 3.1, presents with hand edemas after
local trauma, of 48-hour duration, and foot sole edemas after exer-
cise. These brothers are not taking any drug that influences angio-
edema development.

Family 4

Patient 4.1 had recurrent episodes of angioedema on her face,
hands, feet, and abdomen. One of the facial attacks was after a
dental procedure. The attacks appeared monthly for 4 years while
shewas takingOCs. In the last 3 years, after stopping the treatment,
she has remained asymptomatic.

Her mother (patient 4.2) had several edema episodes on her
hands and face during her 5 pregnancies and 1 episode of facial
edemaafter 1monthof startingOCuse. Shehas been asymptomatic
since her last pregnancy 30 years ago. She has 5 brothers and 1

sister, and only her sister had 1 episode of edemaduring pregnancy. i
amily 5

Patient 5.1 sought treatment because of edema involving her
ace, uvula, and soft palate 3 hours after an upper endoscopy and
acial edema 4 hours after a dental procedure. She also presented
ith recurrent edema episodes located on her face and pharyngeal
rea and monthly abdominal episodes. She started taking OCs 1
ear before the beginning of the attacks. She has remained asymp-
omatic in the last 18 months after stopping OC therapy.

Patient 5.2, the sister of patient 5.1, reported recurrent episodes
f edema after beginning use of OCs. The attacks affected her face,
ands, and feet, with a frequency of 1 or 2 episodes per year. During
er 2 pregnancies, she presented with several episodes of feet and
acial angioedemaand1 episode of tongue swelling. At the age of 21
ears, 5months after reinitiation of OC use, shewas admitted to the
ospital twice in 1 month because of abdominal attack and experi-
nced monthly skin episodes. She has remained asymptomatic
uring the last 15 months after stopping OC use.
Patient 5.3, the mother of patients 5.1 and 5.2, had recurrent lip

ngioedema when she was pregnant. Other affected relatives, not
ncluded in this study, were the grandmother, aunt, and 1 female
ousin of patient 5.1.

amily 6

Patient 6.1 presentedwith recurrent hand and foot swelling and
episodes of edema involving her face and pharyngeal area. She
as admitted to the hospital because of abdominal pain. Eight
onths before her first episode, she had started taking OCs. In the

ast year, she has been treated with progestogens and remains
symptomatic.
Patient 6.2, the paternal grandmother of 6.1, reported episodes

f hand swelling during her 4 pregnancies. When she was 47 years
ld, not pregnant, and not receiving OC treatment, she was admit-
ed to hospital because of angioedema involving her face and
ands, dyspnea, and pharyngeal stridor. At this time, she reported
everal other episodes on her face and hands. Aftermenopause, she
as remained asymptomatic, despite treatment with an angioten-
in II receptor antagonist.

amily 7

Patient 7.1 experienced recurrent episodes of swelling on her
ands, feet, elbows, and face. All the attacks appeared exclusively
hen she took OCs and during her only pregnancy. She has re-
ained asymptomatic for the last 2 years since beginning prophy-

actic treatment in the 12th week of pregnancy and after delivery
18 months ago) without treatment.

amily 8

Patient 8.1 presented with 5 angioedema episodes. Two oc-
urred during OC treatment, 1 occurred during pregnancy, and the
atient did not remember the remaining 2 episodes. All attacks
ere located on her face, affecting the lips, eyelids, and uvula. Both
er parents are deceased.

amily 9

Patient 9.1 sought treatment because of 3 episodes of facial
ngioedema 11⁄2 months after starting OC use. The treatment was
hanged to progestogens, and she has remained asymptomatic for
years. Two years later, 1 of her 2 sisters (patient 9.2) presented
ith a facial attack 2 months after having a vaginal contraceptive
evice implanted. She is avoiding exogenous estrogens and has
een asymptomatic for the last 2 years.

amily 10

Patient 10.1 has presentedwith 15 angioedema episodes, affect-

ng the facial area since 2005. All her episodes have been related to
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OC treatment, and shehas remained asymptomatic by avoiding this
for the last year. Hermother, patient 10.2, experienced 10 episodes,
affecting her lips, eyelids, and fingers from 2001 to 2007. She has
never received exogenous estrogens.

Family 11

Patient 11.1 experienced recurrent episodes of swelling of her
face, forearm, and abdomen. All the attacks appeared exclusively
when she took OCs and in her single pregnancy. During her preg-
nancy, she experienced 10 abdominal attacks and 1 episode that
affected the bilateral aspect of the soles of her feet. Her mother,
patient 11.2, had presentedwith only 3 facial episodes during her 3
pregnancies.

Family 12

Patient 12.1 presented with recurrent edema attacks located on
the facial area, hands, and feet. Her episodes were related to OC

intake and 2 pregnancies. In the last 20 months, after stopping OC a
se, she has remained asymptomatic. She states that her mother
nd 2 female cousins had swelling episodes.

amily 13

Patient 13.1 sought treatment because of recurrent lip swell-
ngs triggered by minor traumas and unexplained abdominal
ain episodes. The symptoms appeared 1 year after starting OC
herapy. She has been symptom free for the last 2 years by
voiding estrogens.
This patient’s great-aunt (patient 13.2) also experienced angio-

dema attacks in the lips, fingers, and upper airway since her first
regnancy. After delivery, she continued experiencing angioedema
ttacks until she underwent a hysterectomy and oophorectomy at
he age of 47 years. She has never received OCs. The patient reports
hat 2 additional relatives living in Colombia (a daughter and an
unt), not included in this study, have also experienced edema

ttacks.
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