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Abstract 

Background  Hereditary angioedema with normal C1-inhibitor function (HAE nC1-INH) and idiopathic angioedema 
of unknown etiology (AE-UNK) are rare conditions that cause recurrent subcutaneous and submucosal swelling. The 
characteristics and clinical outcomes of patients with these conditions in Canada have not been studied.

Methods  The aim of this study was to extract real-world evidence from the electronic health records of patients 
with HAE nC1-INH or AE-UNK who were managed in selected practices of Canadian HAE-treating specialist physicians 
between 01-Jan-2012 and 01-Jan-2022, to examine case numbers, treatment, clinical outcomes, and healthcare 
utilization.

Results  Of 60 patients (37 with HAE nC1-INH, 23 with AE-UNK), median (range) age at symptom onset was 21.5 (5.0–
57.0) and 23.0 (10.0–54.0) years, respectively. Time to diagnosis from onset of symptoms was 7.0 (0.0–43.0) and 2.0 
(− 10.0 to 50.0) years. Significant differences were observed in terms of the predominant triggers for angioedema 
attacks between patients with HAE nC1-INH and AE-UNK: stress (65% vs. 26%, p = 0.007) and estrogen therapy (35% 
vs. 9%, p = 0.031). Before diagnosis, most patients received antihistamines (50% of HAE nC1-INH and 61% of AE-UNK 
patients). Post-diagnosis, 73% and 74% of HAE nC1-INH and AE-UNK patients received long-term prophylaxis (LTP), 
with the most common LTP treatments being subcutaneous pdC1-INH (43% of HAE nC1-INH patients and 39% 
of AE-UNK patients) and tranexamic acid (41% of HAE nC1-INH patients and 35% of AE-UNK patients). Of patients 
with HAE nC1-INH, and patients with AE-UNK, 22% and 13%, respectively, were taking more than one LTP treatment 
concurrently. Before HAE treatment initiation, significantly fewer patients with AE-UNK compared to patients with HAE 
nC1-INH had angioedema attacks affecting their extremities (13% vs. 38%, p = 0.045) and GI system (22% vs. 57%, 
p = 0.015). In the three months following treatment initiation, patients with AE-UNK experienced significantly fewer 
angioedema attacks compared to patients with HAE nC1-INH (median 2.0 attacks [0.0–48.0] vs. 6.0 attacks [0.0–60.0], 
p = 0.044). Additionally, fewer patients with AE-UNK compared to HAE nC1-INH experienced attacks affecting their GI 
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system (26% vs. 57%, p = 0.032). Attack duration and frequency significantly decreased for patients with HAE nC1-INH 
from a median of 1.00 day (range: 0.00–7.00) to 0.29 day (range: 0.02–4.00; p = 0.001) and from 10.50 attacks (range: 
0.00–90.00) to 6.00 attacks (range: 0.00–60.00; p = 0.004) in the three months following HAE treatment initiation.

Conclusions  Using Canadian real-world evidence, these data demonstrate differing clinical trajectories 
between patients with HAE nC1-INH and AE-UNK, including diagnostic delays, varied attack characteristics, 
treatment responses and healthcare utilization. Despite treatment response, many patients still experienced 
frequent angioedema attacks. These results suggest an unmet need for treatment guidelines and therapies 
specifically for patients with HAE nC1-INH and AE-UNK and better understanding of the pathophysiology accounting 
for the reported differences between the two.
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Background
Hereditary angioedema (HAE) is a chronic and rare 
disease characterized by recurrent and unpredictable 
episodes of swelling, predominantly in the subcutaneous 
and/or submucosal tissues of the extremities, larynx, 
face, abdomen, and genitals [1, 2].

HAE can be categorized into two main types: HAE due 
to C1 inhibitor deficiency (HAE-C1-INH) and HAE with 
normal C1 inhibitor (HAE nC1-INH). HAE-C1-INH is 
due to an absolute or functional deficit of C1 inhibitor 
(Type I and Type II, respectively). In contrast, HAE nC1-
INH presents with normal serum concentrations and 
function of C1 inhibitor, but similarly causes recurrent 
angioedema that is refractory to antihistamines and 
glucocorticoids [3]. Six monogenic forms of HAE nC1-
INH have been described, but in most patients a genetic 
etiology is not identified [4]. Additionally, there are 
patients with recurrent non-histaminergic angioedema 
and normal C1 inhibitor who do not have a family 
history of similar disease, which can be termed idiopathic 
angioedema of unknown etiology (AE-UNK) [5, 6].

HAE nC1-INH and AE-UNK appear to be far less 
prevalent than HAE C1-INH [3, 7, 8], but there are 
few epidemiologic studies assessing their frequency 
[8] In Germany, case numbers of HAE nC1-INH were 
estimated to be 1:100,000 in 2015 and 1:200,000 in 
Manitoba, Canada in 2019 [9, 10], based on cases 
identified and the population of Germany and Manitoba 
respectively, and for AE-UNK they were estimated to be 
1:200,000 in Manitoba, Canada in 2022 [5].

Clinical care and research in HAE nC1-INH 
and AE-UNK are severely hindered by the lack of 
confirmatory diagnostic tests and limited genetic testing 
which are collected. Presently the diagnosis of HAE 
nC1-INH (in the majority without an identifiable genetic 
cause) and AE-UNK relies on the careful exclusion of 
alternate causes by a specialist physician typically by 
therapeutic trials of antihistamines, glucocorticoids, 
and anti-IgE biologic therapy. This process leads to long 
delays in diagnosis and difficulties in accessing treatment 

for patients, and impedes the development of novel 
therapeutic agents [5, 8].

There are no approved treatments for HAE nC1-
INH or AE-UNK. Based on observational studies and 
case reports, however, on demand (e.g., icatibant and 
plasma-derived C1 inhibitor [pdC1-INH] and long-term 
prophylaxis treatments (e.g., lanadelumab, pdC1-INH, 
and berotralstat) for HAE-C1-INH may be effective in 
some patients with HAE nC1-INH or AE-UNK [1, 11, 
12]. Development of such treatments for HAE nC1-INH 
and AE-UNK requires improved characterization of 
these patient populations to understand the burden of 
disease and clinical outcomes.

In Canada, patients with HAE are primarily treated by 
allergists or immunologists. During routine clinical care, 
these clinics collect considerable real-world evidence 
(RWE) in the form of structured data (e.g., hospital 
pharmacy orders) and unstructured data (e.g., clinical 
notes), which is collected and stored in Electronic Health 
Records (EHR). RWE from EHR can be utilized to better 
understand disease prevalence, treatment patterns and 
clinical outcomes over time, and is particularly important 
for rare diseases for which patient numbers are small and 
clinical trials are lacking.

The aim of this study was to extract RWE from the 
EHR of patients with HAE nC1-INH and AE-UNK from 
selected practices of Canadian HAE-treating specialist 
physicians, to better understand the case numbers, 
treatment use, clinical outcomes, and healthcare resource 
utilization among patients with HAE nC1-INH or 
AE-UNK, in Canada.

Methods
Study design
This was a retrospective cohort study of data from 
EHR stored at six Canadian practices in five Canadian 
provinces on HAE patients managed by HAE-treating 
specialist physicians, between January 1, 2012, and 
January 1, 2022. All patients who were ≥ 12 years of age 
with a diagnosis of HAE nC1-INH or AE-UNK were 
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included in the study. Diagnosis of HAE nC1-INH or 
AE-UNK was based on the following criteria:

1.	 Recurrent angioedema as documented by a 
healthcare professional in the specialists charts.

2.	 Normal C4.
3.	 Normal C1 level and function.
4.	 Lack of response to corticosteroid or regular, 

high-dose and/or prophylactic antihistamine(s) 
treatment(s).

Additional, but not essential criteria:

1.	 Condition worsened with estrogen if estrogen is/was 
received.

2.	 Family history of non-histaminergic angioedema for 
patients with HAE nC1-INH.

Patients were excluded if they had other types of 
angioedema (HAE Type I, HAE Type II, acquired 
angioedema, etc.), experienced a response to treatments 
used for histamine-related angioedema or did not meet 
the diagnostic criteria for inclusion. Follow-up data 
from EHRs was included up to the extent that they were 
available within the study period.

Data extraction
Patient characteristics, treatment use, clinical outcomes 
and healthcare resource utilization were extracted 
directly from patients’ EHR and uploaded into an 
electronic case report form (eCRF) specifically designed 
for this study. Data was extracted by HAE-treating 
specialist physicians or their trained staff. HAE-treating 
specialist physicians were required to review and approve 
all eCRFs entered by their staff. Data were independently 
extracted at each site without inter-site discussions 
during the extraction process. This approach was taken 
to ensure that the data collected accurately reflected the 
individual practices of each HAE-treating specialist.

Outcomes
The primary outcome of interest was:

1.	 The number of patients in each practice diagnosed 
with HAE nC1-INH or AE-UNK.

Secondary outcomes of interest included:

1.	 Treatment use, including: type, dose, duration and 
setting of treatments received by each patient, 
treatment combinations in patients receiving 
multiple LTP therapies.

2.	 Clinical outcomes, including: attack characteristics 
before and after treatment initiation and time 
from treatment (on demand therapy) to symptom 
improvement/resolution.

3.	 Healthcare utilization, including: number of primary 
care visits, number of walk-in visits per year, number 
of unscheduled physician visits (not including ER 
visits) per year, number of emergency room visits 
per year, number of hospitalizations per year, and 
number of intubations per year.

Statistical analyses
Descriptive analyses were performed to summarize 
patients’ characteristics, treatment use, clinical outcomes, 
and healthcare utilization. Continuous variables were 
described using mean and standard deviation (SD), 
and median and the range. Categorical variables were 
described by frequencies and related percentages. 
Number of missing observations were reported for all 
variables.

Exploratory analyses were conducted to identify 
patterns or potential differences in patient characteristics 
and/or outcomes between patients with HAE nC1-INH 
and AE-UNK. For continuous variables, comparisons 
were conducted using the Wilcoxon rank-sum test. 
Discrete variables were analyzed using Fisher’s exact 
test, due to sample size. Comparison of clinical outcomes 
before and after receiving treatment were performed using 
the Wilcoxon signed-rank test (for paired, continuous 
data) and McNemar’s test (for paired, categorical data). 
Statistical significance was set at p < 0.05.

Results
Patients
Between 01 January 2012 and 01 January 2022, 60 
patients (37 HAE nC1-INH, AE-UNK) were identified in 
six clinics across five provinces in Canada. Patients with 
HAE nC1-INH and AE-UNK had a median (range) age 
at symptom onset of 21.5 (5.0–57.0) and 23.0 (10.0–54.0) 
years, respectively (Table 1). The median age at diagnosis 
for patients with HAE nC1-INH was 35.0 (12.0–73.0) 
and 32.5 (16.0–80.0) years for patients with AE-UNK 
(Table  1). Median (range)  time to diagnosis from the 
onset of symptoms was 7.0 years (0.0–43.0) for patients 
with HAE nC1-INH and 2.0  years (−  10.0 to 50.0) for 
patients with AE-UNK (Table 1). Prior to diagnosis, the 
most received angioedema therapy was antihistamines 
for patients with HAE nC1-INH (59%) and for patients 
with AE-UNK (61%; Table 1).

Among patients with HAE nC1-INH, stress and 
estrogen therapy were the predominant triggers for 
angioedema attacks (65% and 35%, respectively; Table 1). 
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Table 1  Baseline clinical and demographic characteristics

HAE nC1-INH (N = 37) AE-UNK (N = 23)

Sex

 Female 31 (84%) 19 (83%)

 Male 6 (16%) 4 (17%)

Age at first symptoms/attack

 N 28 13

 Mean (SD) 26.18 (15.89) 28.38 (16.38)

 Median (range) 21.50 (5.00, 57.00) 23.00 (10.00, 54.00)

Age at HAE nC1-INH or AE-UNK diagnosis

 N 37 20

 Mean (SD) 39.38 (17.84) 36.95 (15.49)

 Median (range) 35.00 (12.00, 73.00) 32.50 (16.00, 80.00)

Time to diagnosis from onset of symptoms (in years)

 N 28 13

 Mean (SD) 10.82 (13.38) 10.46 (16.81)

 Median (range) 7.00 (0.00, 43.00) 2.00 (− 10.00, 50.00)

Ethnicitya

 Caucasian 35 (95%) 23 (100%)

 Black 1 (3%) 0 (0%)

 White South African 1 (3%) 0 (0%)

 Unknown ethnicity 1 (3%) 0 (0%)

General population density

 Rural 12 (32%) 6 (26%)

 Urban 25 (68%) 17 (74%)

Family historya

 Mother 16 (43%) 0 (0%)

 Father 6 (16%) 0 (0%)

 Sibling 19 (51%) 0 (0%)

 Daughter 11 (30%) 0 (0%)

 Other 11 (30%) 0 (0%)

  No family history 0 (0%) 23 (100%)

Angioedema therapy prior to diagnosisa

 Antihistamines 22 (59%) 14 (61%)

 Epinephrine 14 (38%) 8 (35%)

 Corticosteroids 13 (35%) 9 (39%)

 Omalizumab 1 (3%) 0 (0%)

 Other therapies 8 (22%) 3 (13%)

Attack triggersa

 ACE inhibitors 2 (5%) 1 (4%)

 Estrogens 13 (35%) 2 (9%)

 Pregnancy 4 (11%) 0 (0%)

 Stress 24 (65%) 6 (26%)

 Infection 13 (35%) 4 (17%)

 Trauma 11 (30%) 4 (17%)

 Other trigger 14 (38%) 9 (39%)

Factor XII gene (1032C → A (Thr309Lys)) genetic testing results

 Negative 12 (32%) 1 (4%)

 Not Tested 25 (68%) 22 (96%)

Factor XII gene (1032C → G (Thr309Arg)) genetic testing results

 Negative 13 (35%) 1 (4%)
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It was also found that there were differences between 
patients with HAE nC1-INH and those with AE-UNK; 
with stress and estrogen therapy less likely to be a trigger 
for patients with AE-UNK (65% vs. 26%, p = 0.007, and 
35% vs. 9%, p = 0.031 respectively, Table 2).

Treatment use
Among patients with HAE nC1-INH, 89% received on 
demand therapy at some point during the study period, 
versus 91% of patients with AE-UNK (Supplementary 
Table  1). The median (range) number of on demand 
treatments received by patients was 1 [1–3] for 
both patients with HAE nC1-INH and patients with 
AE-UNK (Supplementary Table  1). The most utilized 
on demand therapies for patients with HAE nC1-INH 
were intravenous pdC1-INH (59%) and icatibant (38%; 
Supplementary Table 1), and for patients with AE-UNK, 
they were also intravenous pdC1-INH (52%), and 
icatibant (48%; Supplementary Table 1).

In the context of LTP treatments, it was found that 
22% of patients with HAE nC1-INH and 13% of patients 
with AE-UNK were taking 2 or more LTP treatment 
concurrently (Fig.  1). The LTPs most often prescribed 
for patients with HAE nC1-INH were subcutaneous 
pdC1-INH (43%) and tranexamic acid (41%). For patients 
with AE-UNK, the LTPs most often used were also 
subcutaneous pdC1-INH (39%) and tranexamic acid 
(35%; Supplementary Table 2).

Clinical outcomes
Examination of clinical outcomes before and after 
treatment initiation demonstrated that for both patients 
with HAE nC1-INH and AE-UNK, following treatment 
initiation, duration and number of angioedema attacks 
decreased. For patients with HAE nC1-INH, it was found 
that the median (range) duration of attacks significantly 
decreased to 0.29  days (0.02–4.00) following treatment 
initiation, compared to 1.00  days (0.00–7.00) before 

treatment (p = 0.001, Table 3). There was also a significant 
decrease in the median (range) number of attacks in 
the three months after treatment initiation 6.00 (0.00–
60.00) compared to the three months before treatment 
initiation 10.50 (0.00–90.00, p = 0.004, Table 3). Similarly, 
a decreasing trend in the duration and number of 
angioedema attacks before and after HAE treatment 
initiation was observed for patients with AE-UNK; 
however, these results were not significant.

Differences were observed between patients with HAE 
nC1-INH and AE-UNK in terms of the characteristics of 
angioedema attacks before and after treatment initiation. 
Comparing patients with HAE nC1-INH to patients with 
AE-UNK, in the three months before HAE treatment 
initiation, there were significantly fewer patients with 
AE-UNK experiencing angioedema attacks affecting their 
extremities (38% vs. 13%, p = 0.045) and GI system (57% 
vs. 22%, p = 0.015; Table 2). Similarly, in the three months 
after HAE treatment initiation, there were significantly 
fewer patients with AE-UNK experiencing angioedema 
attacks affecting their GI system (57% vs. 26%, p = 0.032, 
Table 4) compared to patients with HAE nC1-INH.

Healthcare resource utilization
The median (range) number of primary care visits per 
year associated with HAE nC1-INH management in the 
first year following diagnosis was 3.0 (1.0–8.0, N = 9), and 
was 1.0 (1.0–1.0, N = 1) by year 7. Equally small patient 
numbers were observed for AE-UNK and results were 
similar (Supplementary Table 3).

Discussion
This is the first study to evaluate the demographics, 
treatment response, and healthcare resource utilization 
among patients with HAE nC1-INH and AE-UNK, across 
Canada. The main findings of the study are (1) there is an 
average delay in diagnosis of more than 10 years for these 
conditions; (2) the frequency of angioedema attacks 

a Patients can have multiple values and may be included in more than one category, therefore, percentages may not add up to 100%. HAE nC1-INH, non-histaminergic 
hereditary angioedema with family history; AE-UNK, non-histaminergic hereditary angioedema without family history; SD, Standard deviation

Table 1  (continued)

HAE nC1-INH (N = 37) AE-UNK (N = 23)

 Not tested 24 (65%) 22 (96%)

Angiopoetin -1 (ANGPT-1) genetic testing results

 Negative 8 (22%) 0 (0%)

 Not tested 29 (78%) 23 (100%)

Plasminogen gene (PLG) genetic testing results

 Positive 2 (5%) 0 (0%)

 Negative 9 (24%) 0 (0%)

 Not tested 26 (70%) 23 (100%)
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Table 3  Attack characteristics in patients with HAE nC1-INH before and after HAE treatment initiation

Bolded values are statistically significant (p <0.05). SD, Standard deviation

Before (N = 37) After (N = 37) p-value

Average duration of attack in the 3 months before/after treatment (days) 0.001
 N 24 24

 Mean (SD) 1.52 (1.61) 0.86 (1.11)

 Median (Range) 1.00 (0.00, 7.00) 0.29 (0.02, 4.00)

Number of attacks in the 3 months before/after treatment 0.004
 N 26 28

 Mean (SD) 24.12 (28.89) 9.71 (12.49)

 Median (Range) 10.50 (0.00, 90.00) 6.00 (0.00, 60.00)

Table 2  Differences in attack characteristics and triggers between patients with HAE nC1-INH and AE-UNK before treatment

Bolded values are statistically significant (p <0.05). ER, emergency room, GI, gastrointestinal; HAE nC1-INH, non-histaminergic hereditary angioedema with family 
history; AE-UNK, non-histaminergic hereditary angioedema without family history; SD, Standard deviation
a As every attack can affect more than one area, have more than one indication of severity, and be involved with or than one symptom, percentages may not add up 
to 100%
b Patients can have multiple attack triggers, and non-HAE related therapies and may be included in more than one category, therefore, percentages may not add up to 
100%

HAE nC1-INH (N = 37) AE-UNK (N = 23) p-value

Average duration of attack in the 3 months before treatment (days) 0.124

 N 24 9

 Mean (SD) 1.52 (1.61) 2.33 (1.68)

 Median (range) 1.00 (0.00, 7.00) 1.50 (0.50, 5.00)

Number of attacks in the 3 months before treatment 0.190

 N 26 10

 Mean (SD) 24.12 (28.89) 7.90 (10.25)

 Median (range) 10.50 (0.00, 90.00) 6.00 (1.00, 36.00)

Site affected by attacks in the 3 months before treatmenta

 Extremities 14 (38%) 3 (13%) 0.045
 Face 10 (27%) 6 (26%) 1.000

 GI system 21 (57%) 5 (22%) 0.015
 Larynx 12 (32%) 5 (22%) 0.557

 Lip 9 (24%) 4 (17%) 0.749

 Tongue 7 (19%) 5 (22%) 1.000

Symptoms during attacks in the 3 months before treatmenta

 Abdominal pain 18 (49%) 5 (22%) 0.056

 Laryngeal edema 11 (30%) 5 (22%) 0.561

 Skin swelling 16 (43%) 6 (26%) 0.271

 Tongue swelling 9 (24%) 6 (26%) 1.000

Attack triggersb

 ACE inhibitors 2 (5%) 1 (4%) 1.000

 Estrogens 13 (35%) 2 (9%) 0.031
 Pregnancy 4 (11%) 0 (0%) 0.288

 Stress 24 (65%) 6 (26%) 0.007
 Infection 13 (35%) 4 (17%) 0.157

 Trauma 11 (30%) 4 (17%) 0.366

 Other trigger 14 (38%) 9 (39%) 1.000
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before starting LTP is high; and (3) despite a significant 
response to treatment, many patients continue to have 
frequent episodes.

The average age at diagnosis was 39.4 years for HAE nC1-
INH and 37.0 years for AE-UNK, representing a > 10-year 
diagnostic delay from the first onset of symptoms. This 
delay underscores the current difficulties in making these 
diagnoses given the absence of confirmatory tests for most 
patients, rarity of the diseases, and requirement for highly 

specialized physician assessment. This could potentially 
be addressed by establishing consensus guidelines 
specifically for these conditions that describe diagnostic 
and therapeutic approaches based on the best available 
evidence and collective experience.

Prior to the initiation of HAE treatment, patients 
with both conditions were highly symptomatic. In the 
three months before treatment, the mean angioedema 
attack frequency was 24.1 and 7.9 for HAE nC1-INH 
and AE-UNK, respectively. The duration of attacks was 
1.5  days for HAE nC1-INH and 2.3  days for AE-UNK. 
These data taken together with the diagnostic delay 
indicates a highly significant burden of disease in 
untreated patients.

Clinical outcomes after treatment initiation demonstrated 
that starting treatment decreased the duration and number 
of angioedema attacks, thus potentially supporting the 
use of preventative treatments such as pd-C1-INH and 
tranexamic acid for angioedema attacks in patients with 
HAE nC1-INH and AE-UNK. However, the mean number 
of attacks after treatment initiation was still high with 
an average of 9.7 attacks over three months, lasting an 
average of 0.86 days, in HAE nC1-INH. Additionally, 22% 
of patients with HAE nC1-INH and 13% of patients with 
AE-UNK were receiving more than one LTP treatment 

Fig. 1  LTP treatment use. HAE nC1-INH, non-histaminergic hereditary 
angioedema with family history; AE-UNK, non-histaminergic 
hereditary angioedema without family history

Table 4  Differences in attack characteristics between patients with HAE nC1-INH and AE-UNK after treatment initiation

Bolded values are statistically significant (p <0.05). HAE nC1-INH, non-histaminergic hereditary angioedema with family history; AE-UNK, non-histaminergic hereditary 
angioedema without family history
a As every attack can affect more than one area, and be involved with or than one symptom, percentages may not add up to 100%

HAE nC1-INH (N = 37) AE-UNK (N = 23) p-value

Average duration of attack in the 3 months after treatment (days) 0.948

 N 24 8

 Mean (SD) 0.86 (1.11) 1.28 (1.73)

 Median (range) 0.29 (0.02, 4.00) 0.58 (0.00, 4.00)

Number of attacks in the 3 months after treatment 0.044
 N 28 12

 Mean (SD) 9.71 (12.49) 6.08 (13.37)

 Median (range) 6.00 (0.00, 60.00) 2.00 (0.00, 48.00)

Site affected by attacks in the 3 months after treatmenta

 Extremities 9 (24%) 6 (26%) 1.000

 Face 12 (32%) 7 (30%) 1.000

 GI system 21 (57%) 6 (26%) 0.032
 Larynx 9 (24%) 4 (17%) 0.749

 Lip 12 (32%) 5 (22%) 0.557

 Tongue 9 (24%) 5 (22%) 1.000

Symptoms during attacks in the 3 months after treatmenta

 Abdominal pain 21 (57%) 6 (26%) 0.032
 Laryngeal edema 7 (19%) 4 (17%) 1.000

 Skin swelling 16 (43%) 7 (30%) 0.416

 Tongue swelling 9 (24%) 6 (26%) 1.000
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concurrently, suggesting poor efficacy of monotherapy in 
many patients, with clinicians combining LTP in an effort 
to improve control. This suggests a significant unmet need 
for effective preventative treatments for these patients.

Baseline demographics and clinical characteristics 
were in keeping with previously published studies 
investigating patients with HAE nC1-INH [1, 5, 13, 14]. 
For both HAE nC1-INH and AE-UNK, patients were 
predominantly women and the age at first symptom/
attack was 21.5 (5.0–57.0) and 23.0 (10.0–50.0) years, 
respectively. AE-UNK is generally thought to present 
similarly to HAE nC1-INH [5], and this may be because 
they represent the same disease in certain patients. 
At least some cases of AE-UNK are likely the result of 
de novo mutations, which is seen in ~ 25% of patients 
with HAE C1-INH, and thus these patients would be 
reclassified as HAE nC1-INH when the next generation 
is found to be symptomatic. We thus investigated the 
differences between patients with HAE nC1-INH and 
AE-UNK. Anacdotally, it is thought that patients with 
HAE nC1-INH and AE-UNK both equally experience 
stress as the predominant attack trigger. However, 
interestingly, in this study it was found that among 
patients with HAE nC1-INH, 65% experienced stress as 
the predominant trigger for angioedema—similar to a 
recent study of 295 patients with HAE nC1-INH in which 
stress was identified as the second most common trigger 
for angioedema attacks, affecting 59.6% of patients [14]—
however this was significantly different (p = 0.007) to 
patients with AE-UNK, for whom 26% experienced stress 
as the attack trigger.

Furthermore, in the three months before HAE treatment 
initiation, there were significantly fewer patients with 
AE-UNK experiencing angioedema attacks affecting 
their extremities and GI system compared to patients 
with HAE nC1-INH. Following treatment initiation, 
significantly fewer patients with AE-UNK experienced 
angioedema attacks affecting their GI system and fewer 
patients experienced abdominal pain. Interestingly, 
this is the first time that significant differences for 
the symptomatic presentation of angioedema attacks 
between patients with HAE nC1-INH and AE-UNK 
have been observed. Caution is needed, however, as 
a trial of high-dose antihistamine therapy is generally 
recommended prior to diagnosing these conditions, 
particularly AE-UNK in which genetic testing and family 
history is negative, but a substantial minority of patients 
did not receive antihistamines, so these differences could 
be accounted for by inclusion of patients with mast cell 
mediated angioedema in the AE-UNK group [15]. Further 
studies using rigorously defined patient populations, and 
appropriate genetic testing are needed to confirm these 
observations.

The study has important limitations—the diagnosis of 
HAE nC1-INH or AE-UNK was established by individual 
clinicians, not using a specific set of standardized 
inclusion criteria. In particular, some were not treated 
with antihistamines and most were not treated with 
omalizumab prior to establishing the diagnosis, so 
patients with mast cell mediated angioedema may have 
been included. However, the presented data reflect 
current clinical practice in Canada. Data were collected 
from specialized centers, which may have introduced 
bias by including more severely affected patients. Given 
the retrospective design using data extracted there are 
inherent limitations due to the availability and accuracy of 
data. Certain variables are not consistently documented 
in medical notes, such as the details of each angioedema 
attack and dates of each healthcare resource utilization. 
As many angioedema attacks and visits with external 
healthcare providers related to HAE occur outside of 
the HAE specialist’s clinic settings, these data are only 
collected if a patient reports them to their treating HAE 
specialist. The number of included patients was small, 
consistent with the rarity of the conditions. Despite these 
limitations, this is the only real-world study examining 
outcomes in HAE nC1-INH and AE-UNK, across Canada.

Conclusions
There is an average diagnostic delay of more than a 
decade in patients with HAE nC1-INH and AE-UNK, 
and these patients often have frequent angioedema 
episodes without treatment. Presently available treatment 
options in Canada for these patients appear to improve 
angioedema frequency and duration, but patients remain 
significantly affected. Future prospective studies would be 
helpful to better understand the clinical manifestations, 
disease burden, and treatment responses in these diseases.
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