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Abstract

Hereditary angioedema with normal C1 esterase inhibitor and mutations in the

F12 gene (HAE-FXII) is associated with skin swellings, abdominal pain attacks,

and the risk of asphyxiation due to upper airway obstruction. It occurs nearly

exclusively in women. We report our experience treating HAE-FXII with discon-

tinuation of potential trigger factors and drug therapies. The study included 72

patients with HAE-FXII. Potential triggers included estrogen-containing oral con-

traceptives (eOC), hormonal replacement therapy, or angiotensin-converting

enzyme inhibitors. Drug treatment comprised plasma-derived C1 inhibitor (pdC1-

INH) for acute swelling attacks and progestins, tranexamic acid, and danazol for

the prevention of attacks. Discontinuation of eOC was effective in 25 (89.3%) of

28 women and led to a reduction in the number of attacks (about 90%). After

ending hormonal replacement therapy, three of eight women became symptom-

free. Three women with exacerbation of HAE-FXII during intake of quinapril or

enalapril had no further HAE-FXII attacks after discontinuation of those drugs.

Eleven women were treated with pdC1-INH for 143 facial attacks. The duration

of the treated facial attacks (mean: 26.6 h; SD: 10.1 h) was significantly shorter

than that of the previous 88 untreated facial attacks in the same women (mean:

64.1 h; SD: 28.0 h; P < 0.01). The mean reduction in attack frequency was

99.8% under progestins after discontinuing eOC (16 women), 93.8% under

tranexamic acid (four women), and 100% under danazol (three women). For

patients with HAE-FXII, various treatment options are available which com-

pletely or at least partially reduce the number or duration of attacks.

In 2000, a new type of hereditary angioedema was described

that was not associated with a deficiency of C1-INH. It was

termed ‘HAE with normal C1-INH’ (HAEnCI) or ‘HAE type

III’ (1). Four different mutations in the gene coding for the

factor XII (F12) were identified in patients affected with

HAEnCI and were assumed to be specific for and involved in

the development of angioedema (2–4). This subtype of HAE

was termed ‘HAEnCI and mutations in the F12 gene’ or

‘HAE-FXII’ (5).

Data about treatment of patients with HAE-FXII are

sparse and comprise only case reports or small case series.

This holds true for both on-demand treatment with plasma-

derived C1-INH (pdC1-INH) (5–7), icatibant (7–9), tranex-

amic acid (TXA) (7, 9), and for long-term prevention (LTP)

with progestins (5), TXA (5–7, 9–12), and attenuated andro-

gens (1, 11). Death by asphyxiation due to obstruction of the

upper airways has been reported in 2.9% of patients (13).

Due to this risk, data about treatment of patients with HAE-

FXII are important. The aim of this study was to present

which therapeutic measures are helpful in HAE-FXII.

Material and methods

This was an observational study examining various treat-

ments in 72 patients with HAE-FXII coming from 24 unre-

lated families. Estrogens and angiotensin-converting enzyme

inhibitors (ACE-I) seem to increase the number of HAE

attacks. The efficacy of discontinuation of such potential trig-

ger factors was determined by an intraindividual comparison

of the frequency of attacks under intake and after discontinu-

ation of the agents. In patients having acute facial and

abdominal attacks, the efficacy of pdC1-INH was determined
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by an intraindividual comparison of the attack duration of

treated and untreated attacks. The efficacy of LTP was deter-

mined by an intraindividual comparison of the frequency of

attacks before and during LTP. Statistics were performed

using STATA (version 12, StataCorp, College Station, Texas,

USA).

Plasma levels of C1-INH function and protein, C4, and

C1q were assayed, and HAE-specific F12 mutations were

identified as described elsewhere (14).

Results

Of 72 HAE-FXII patients, 71 were female (mean age:

48 years) and one was a 10-year-old boy. C1-INH activity

was normal or subnormal (mean: 86.6%; SD: 17.7%; normal

values (reference range, rr) 70–130%), and C1-INH protein

(mean: 25.2 mg/dl; SD: 6.7 mg/dl; rr: 15.5–33.8 mg/dl), C4

(mean: 26.3 mg/dl; SD: 9.7 mg/dl; rr: 16.4–31.3 mg/dl), and

C1q (mean: 18.8 mg/dl; SD: 4.4 mg/dl; rr: 10–25 mg/dl) were

normal. Mutations in the F12 gene (p.Thr328Lys in 20 fami-

lies, p.Thr328Arg, and the large deletion c.971_1018+24del72
each in two families) could be identified in all patients plus in

some symptom-free family members.

Of 71, 54 (76.1%) women had taken estrogen-containing

oral contraceptives (eOC). During the period of eOC intake,

49 (90.7%) of 54 women had HAE attacks; 28 (57.1%) of 49

women discontinued eOC without any following LTP. After

discontinuation, 22 (78.6%) of the 28 women had no further

attacks (attack reduction 100%) and 2 (7.1%) of the remain-

ing women had rare attacks (attack reduction 98.5% and

96.5%). One woman (3.6%) still had further attacks, but the

number of attacks was markedly reduced (attack reduction

47.9%). One woman (3.6%) had an attack reduction of only

6.4%, and in two women (7.1%), discontinuation of eOC

had no effect. Hence, discontinuation of eOC was effective in

25 (89.3%) of 28 women. Calculated on a per-attack basis,

the attack reduction was 87.5% on average.

Eight women had received estrogen-containing hormonal

replacement therapy (HRT). After discontinuation, the swel-

ling attacks stopped in three (37.5%) of eight women, contin-

ued with a reduced number of attacks in one woman

(12.5%), and remained unchanged in four (50%) of eight

women. Calculated on a per-attack basis, the attack reduc-

tion was 22.2% after discontinuation of HRT.

After symptom-free phases, three women received ACE-I

for 3 years, 13 months, and 3 months, respectively, because

of arterial hypertension. After starting quinapril, one woman

had 14 severe skin and tongue swellings and an upper airway

obstruction that required an emergency tracheotomy.

Another woman had a series of six tongue swellings within a

period of 3 months under quinapril. The third woman had

four severe tongue swellings during intake of enalapril. After

discontinuation of ACE-I, all three women had no further

swelling attacks.

Table 1 shows the efficacy of treatment with pdC1-INH

for 145 acute facial and abdominal attacks in 11 patients.

Table 1 Effect of pdC1-INH in 143 facial (patients no. 1–11) and two abdominal (patients no. seven and eight) attacks compared to 108

untreated attacks in the same 11 individuals suffering from HAE-FXII

Patient

No.

Untreated

attacks* (n)

Mean

duration of

untreated

attacks (h)

Treated

attacks

(n)

Attacks

treated

with

500 IU/

1000 IU

pdC1-INH

(n)

Mean

time to

first

symptom

relief (h)

Mean

duration

of

treated

attacks

(h)

Mean

shortening

of treated vs.

untreated

attacks (%)

Attacks

shortened

for >50%

(n)

Attacks

shortened

for 20–50%

(n)

Attacks

shortened

for <20%

(n)

Facial attacks

1 10 36.3 51 49/2 1.1 30.8 15.2 0 0 51

2 10 36.1 1 1/0 1 32 11.4 0 0 1

3 10 120.2 1 1/0 1 6 95 1 0 0

4 7 60.3 1 1/0 0.5 10 83.4 1 0 0

5 10 47.6 35 31/4 1.2 18.4 61.3 35 0 0

6 2 48 1 1/0 1 22 54.2 1 0 0

7 4 25.3 7 7/0 1.1 11 56.5 7 0 0

8 5 84.4 21 19/2 1 24.1 71.4 21 0 0

9 10 83.8 4 4/0 0.5 43 48.7 3 1 0

10 10 64.1 20 17/3 3.6 37.9 40.9 8 12 0

11 10 71.8 1 1/0 1 12 83.3 1 0 0

Abdominal attacks

7 10 36.4 1 1/0 1 12 67.0 1 0 0

8 10 60.2 1 1/0 1 24 60.1 1 0 0

Total No. 108 – 145 134/11 – – – 80 13 52

pdC1-INH, plasma-derived C1-INH; HAE-FXII, hereditary angioedema (HAE) with normal C1-INH and HAE-specific mutation in the F12 gene.

*Last 10 attacks before treatment or all if <10.
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The mean duration of the 143 treated facial attacks (mean:

26.6 h; SD: 10.1 h) was significantly shorter than that of the

previous 88 untreated facial attacks (mean: 64.1 h; SD:

28.0 h; P < 0.01), and thus, application of pdC1-INH was

shortening the facial swellings by 58.5% on average.

Laryngeal attacks were reported by 15 of (20.8%) 72

patients and totaled 82 attacks. Of them, 67 were untreated

and lasted for 77.7 h (SD: 19.8 h) on average. The remaining

15 laryngeal attacks were treated and occurred in five

patients. Mean duration of treated attacks was 32.4 h (SD:

13.7 h). Time to first relief was 1.3 h (SD: 1.1 h) on average

(P < 0.01).

Sixteen women discontinued eOC and received progestins

for LTP of HAE-FXII and for continuing oral contracep-

tion, 15 of them desogestrel (progestin-only pill, POP) and

one woman an etonogestrel implant. During this treatment,

15 (93.7%) of 16 women were symptom-free (Table 2). Only

one woman had three mild lip swellings during the first

month of desogestrel intake. The mean reduction in attack

frequency was 99.8% (from 1220 attacks before to three

attacks under progestins).

Four women received TXA for an average of 3.5 years

having a mean reduction in attack frequency of 93.8%. Three

women received danazol for LTP. All women became symp-

tom-free when treated with danazol (attack reduction 100%,

see Table 2).

Discussion

In the present study, we could demonstrate various manage-

ment options effective in most or all patients with HAE-

FXII. After discontinuation of eOC, about 90% of women

with HAE-FXII had no further attacks reflecting the varia-

tions in estrogen impact. Hence, discontinuation of eOC or

HRT is the most important and an easy measure among the

recommended measures in women with HAE-FXII. Similar

results were obtained after discontinuation of ACE-I.

The treatment with pdC1-INH for acute attacks was effec-

tive in most patients with HAE-FXII for the majority of

attacks. According to our observations, however, the

response to pdC1-INH was more variable than in patients

with HAE-C1-INH in which treatment with pdC1-INH

Table 2 Attack frequency in women with HAE-FXII before and during long-term prophylaxis with progestins, tranexamic acid, and danazol

Patient No. Medication

Symptomatic

years before

LTP (n)

Attacks during

symptomatic

years before

LTP (n)

Years with

LTP (n)

Attacks during

LTP (n)

Reduction in

attack

frequency (%)

Progestins*

2 Desogestrel 15 150 5 0 100

4 Desogestrel 5 126 2 0 100

5 Desogestrel 14 33 1 0 100

7† Desogestrel 4 29 1 3 58.9

10 Desogestrel 2 97 2 0 100

14 Desogestrel 1 3 3 0 100

15 Desogestrel 5 52 1 0 100

16 Desogestrel 1 12 12 0 100

17 Desogestrel 1 4 7 0 100

18 Desogestrel 12 248 14 0 100

19 Desogestrel 31 180 4 0 100

20 Desogestrel 9 29 4 0 100

21 Desogestrel 10 3 12 0 100

22 Desogestrel 7 94 6 0 100

23† Desogestrel 1 15 4 0 100

24† Etonogestrel 4 145 7 0 100

Antifibrinolytics

3 TXA 13 118 6 10 (mild) 81.3

7 TXA 9 44 3 0 100

11 TXA 6 72 1 3 75

23 TXA 3 105 4 8 94.2

Attenuated androgens‡

1 Danazol 52 1330 12 0 100

24 Danazol 11 25 6 0 100

25 Danazol 3 28 15 0 100

LTP, long-term prevention; TXA, tranexamic acid.

*After discontinuing estrogen-containing oral contraceptives.

†Patients having received two types of long-term prevention without overlap in time.

‡Dose range 100 mg to 200 mg danazol daily.
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usually is promptly and consistently effective (15). Still,

pdC1-INH is effective in most patients with HAE-FXII

although patients with HAE-FXII have no C1-INH defi-

ciency in plasma during the attack-free interval. A supposed

consumption of C1-INH in the beginning of an acute attack

in HAE-FXII patients may be an explanation. This con-

sumption might be compensated by treatment with pdC1-

INH, at least partially.

Treatment with progestins after discontinuing eOC was

highly effective in our patients. However, it is impossible to

distinguish the effects between discontinuing eOC and treat-

ment with progestins, here. The effectiveness of progestins is

not specific for HAE-FXII, but has also been observed in

patients with HAE-C1-INH and idiopathic angioedema (16).

The exact mode of action of progestins in those types of

angioedema is unknown.

We treated four patients with HAE-FXII with TXA for

a total of 14 years and observed a good to excellent effi-

cacy in all patients supporting the assumption that fibrinol-

ysis is involved in the pathogenesis of HAE-FXII.

Recently, it has been shown that the plasminogen activator

inhibitors 1 and 2 were lower in plasma of some patients

with HAE-FXII (13, 17, 18). This decrease might be a sign

for complex formation of plasminogen activators with plas-

minogen activator inhibitors and an indication for plasmin

formation and fibrinolysis (19). Plasmin can activate the

kallikrein–kinin system and may thus lead to bradykinin

formation (20). This activation could be blocked by TXA,

partially or completely, and might explain the clinical effi-

cacy of TXA in HAE-FXII.

Danazol belongs to the 17-alpha alkylated androgens that

have been effective in HAE-C1-INH. Our results demonstrate

a high effectiveness in three patients with HAE-FXII treated

for a total of 33 years with danazol.

Up to now, icatibant has been used for the treatment of

one laryngeal attack (1/1 patient, effective) (7), abdominal

attacks (3/3 patients, effective) (8, 9), and facial swellings (2/

3 patients, effective, one patient, not effective) (7, 9).

The main limitation of our study is that it is an uncon-

trolled observational study. No prospective, randomized pla-

cebo-controlled double-blind study has been performed so

far in patients having this rare disease. But information

about treatment is important to avoid asphyxiation as

observed in HAE-FXII and to avoid or mitigate HAE

attacks. Given these limitations, the results of the relatively

large patient series reported here show that there are various

treatment options available which completely or at least par-

tially reduce the symptoms in patients with HAE-FXII.

In sum, we recommend treatment measures for patients

with HAE-FXII in the following order: (i) for acute attacks

pdC1-INH or icatibant if required; (ii) discontinuation of

eOC or HRT; (iii) discontinuation of ACE-I; (iv) intake of

progestin (POP) for LTP (as a treatment measure and not

only for contraception); (v) Tranexamic acid or danazol for

LTP.
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