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Abstract
Background Hereditary angio-oedema (HAE) is a rare autosomal dominant disorder characterized clinically by recurrent episodes of non-
pruritic subcutaneous and/or submucosal oedema. Laryngeal oedema is the commonest cause of mortality in patients with HAE. Prior to 
the availability of first-line treatment options for the management of HAE, mortality was as high as 30%. Mortality has significantly declined 
in countries where first-line treatment options are available and patients can access these therapies. There is a paucity of literature on the 
outcomes of patients with HAE in developing countries where availability of and access to first-line treatment options are still a challenge.
Objectives To report our experience on mortality in patients with HAE and to report factors associated with the death of these patients.
Methods We carried out a record review of all patients diagnosed with HAE between January 1996 and August 2022. Families with HAE 
who had reported the death of at least one family member/relative from laryngeal oedema were studied in detail.
Results Of the 65 families (170 patients) registered in the clinic, 16 families reported the death of at least one family member/relative from 
laryngeal oedema (total of 36 deaths). Of these 16 families, 14 reported that 1 or more family members had experienced at least 1 attack of 
laryngeal oedema. One patient died during follow-up when she was taking long-term prophylaxis with stanozolol and tranexamic acid, while 
the remaining 35 patients were not diagnosed with HAE at the time of their death. At the time of death of all 36 patients, at least 1 other family 
member had symptoms suggestive of HAE, but the diagnosis was not established for the family.
Conclusions To our knowledge, this is the largest single-centre cohort of patients with HAE in India reporting mortality data and factors as-
sociated with death in these families. The delay in diagnosis is the most important reason for mortality.

Hereditary angio-oedema (HAE) is a rare autosomal domi-
nant disorder characterized clinically by recurrent episodes 

of nonpruritic subcutaneous and/or submucosal oedema.1 
The two more common types of HAE are type 1, with a 

What is already known about this topic?

• Mortality of hereditary angio-oedema (HAE) has decreased significantly with first-line medications in developed countries.
• However, studies are scarce in resource-limited settings where first-line medications are unavailable.

What does this study add?

• Delay in diagnosis of HAE and lack of access to first-line treatment options were the two important factors responsible for mortality 
in patients with HAE in our settings.

• Availability of first-line medications at an affordable cost is the need of the hour, along with increasing awareness of HAE among 
healthcare workers, to avoid delay in diagnosis of these patients.
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deficiency of plasma protease C1 inhibitor (C1Inh) and type 2, 
with dysfunctional C1Inh. These types are caused by muta-
tions in the SERPING1 gene, which encodes C1Inh. Rarer 
types include HAE with normal C1Inh, which arise from 
mutations in F12, PLG, ANGPT1, KNG1, MYOF and HS3ST1.

Patients with HAE present with swelling involving the face, 
hands, feet and genitalia. Those with involvement of the 
gastrointestinal tract may present with excruciating abdom-
inal pain, abdominal distension, vomiting and sometimes 
diarrhoea.2 Laryngeal oedema is a life- threatening complica-
tion of HAE, and more than 50% of patients develop at least 
one episode of laryngeal oedema during their life.3 Prior to 
the availability of first-line treatment options for HAE, mor-
tality used to be approximately 30%.4 In a recent review by 
Minafra et al., studies that reported deaths in patients with 
HAE were analysed in detail. Of the 3292 patients with HAE 
reported in these studies, 411 patients had died from laryn-
geal oedema,3 in addition to 103 close relatives of these 
patients. In a previous study from our centre, 32 patients 
were included. Of these, one patient died from laryngeal 
oedema, while three families reported the death of at least 
one of the relatives due to laryngeal oedema. Diagnosis of 
HAE was not established in the relatives prior to death.5

Mortality has significantly declined in countries where 
first-line treatment options are available and patients can 
access these therapies.1,6 However, there is a paucity of 
literature on outcomes of patients with HAE in developing 
countries where availability of and access to first-line treat-
ment options remain a challenge.5 In India, none of the first-
line treatment options were available until September 2022. 
At present, two intravenous preparations of plasma-derived 
C1Inh concentrate are available.

In this study, we report our experience on mortality in 
patients with HAE and their relatives who had died prior to 
the availability of any first-line treatment options. We also 
report various factors that might have been associated with 
death in these patients.

Patients and methods

Patient record review and pedigree chart

We carried out a record review of all patients diagnosed with 
HAE from the Pediatric Allergy Immunology Clinic of the 
Postgraduate Institute of Medical Education and Research, 
India, between January 1996 and December 2022. Families 
who had reported death due to laryngeal oedema of at least 
one family member/relative were studied in detail. A pedi-
gree chart for each family was prepared, and details of all 
family members that could be recalled by the index patients/
parents were included. We also contacted the close rela-
tives of these families to obtain additional details of those 
family members/relatives.

Diagnosis of hereditary angio-oedema and 
molecular analysis

Diagnosis of HAE in the index case was based on the pres-
ence of characteristic clinical manifestations with low C4 
and low quantitative C1Inh levels (type 1 HAE). Molecular 
analysis in all families was carried out using in-house Sanger 

sequencing, or targeted next-generation sequencing and 
whole exome sequencing. Because tests to assess the 
functional activity of C1Inh were not available, diagnosis of 
type 2 HAE was considered if patients had low C4 levels 
with normal/high C1Inh levels and a pathogenic variant in 
SERPING1.

Data analysis

Clinical details, laboratory investigations and details of 
molecular analyses of these families were recorded in a 
predesigned Excel spreadsheet. Analyses were carried out 
to identify various factors that might have been associated 
with the death.

Results

Characteristics of patients and families

During the study period, of the 65 families (170 patients) 
registered in the clinic, 16 families reported the death of at 
least one family member/relative from laryngeal oedema (a 
total of 36 deaths). Figures 1–4 show the respective pedi-
gree charts of these 16 families. Of the 16 families, 13 had 
type 1 HAE and 3 had type 2 HAE. Age at death was known 
in 31 patients; their median age was 38 years (range 17–55). 
Except for one patient who died during follow-up (Figure 5), 
diagnosis was not established prior to death in any of them. 
At the time of death of these patients, at least one other 
family member/relative had clinical manifestations sugges-
tive of HAE (Figures 1–4). However, the diagnosis could not 
be established despite there being a strong family history of 
similar illness. For most family members/relatives who died, 
this was apparently the first appreciable episode of swelling. 
However, because of possible recall bias, this observation 
remains conjectural.

Of the 16 families, 14 had 1 or more family members who 
had experienced at least 1 attack of laryngeal oedema. In 
the remaining two families, none of the other family mem-
bers had experienced an episode of laryngeal oedema. 
Abdominal involvement and tongue swelling in at least 1 
family member were reported in 10 and 6 families, respec-
tively (Table 1).

In this cohort, one patient died during follow-up, a 
17-year-old girl who was diagnosed with HAE at the age 
of 10 years. She was on long-term prophylaxis with stanoz-
olol and tranexamic acid. However, she was not compliant 
with the therapy because of adverse effects (amenorrhoea 
and hirsutism). She developed an acute episode of laryngeal 
oedema and died on her way to the hospital.5

Analysis of factors associated with mortality in 
families with hereditary angio-oedema

We tried to analyse various factors that might have been 
associated with risk of death in families with HAE. We com-
pared clinical manifestations between families who reported 
death due to laryngeal oedema with families who reported 
no death (Table 1). It was observed that the type of HAE 
and presence of laryngeal oedema, abdominal symptoms 
and tongue swelling in at least one family member were not 
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significantly different between the two groups. There was 
also no significant difference in the type of molecular variant 
(missense mutation or any other variant in SERPING1) in 
these two groups.

We additionally compared the clinical manifestations 
between patients who reported the death of at least one 
family member with those patients reporting no deaths in 
their family (Table 2). There was no significant difference in 
clinical features between the two groups.

Discussion

In this study, we report 16 families with HAE in which at 
least one of the family members had died from laryngeal 

oedema (in total, 36 deaths). The diagnosis of HAE prior to 
death in these patients was not established, except in one. 
Other than delays in diagnosis and lack of access to first-line 
treatment options, none of the other factors appeared to be 
a significant risk for death in these patients.

In the very first published report on HAE by Osler in 1888, 
two family members had died from laryngeal oedema.7 
Before the availability of first-line treatment options, the 
death rate due to HAE was high.4,8,9 This has decreased 
significantly in developed countries because of an increase 
in awareness, and availability of and access to first-line treat-
ment options.10

The recent review by Minafra et al. included a total of 
23 studies for analysis. The authors observed that of the 
3292 patients with HAE reported in these studies, 411 

Figure 1 Pedigree of family 1. HAE, hereditary angio-oedema.

Figure 2 Pedigree of families 3–6. HAE, hereditary angio-oedema.
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patients had died from laryngeal oedema. In addition, 103 
close relatives of these patients had also died likely from 
HAE.3 It was also noted that the time between onset of 
laryngeal oedema and death was highly variable (10 min 
to more than 24 h). Further analysis showed 1 death per 
20 patients and among relatives 1 death per 7.4 patients.3 
Barbosa et al. from Brazil reported no deaths among their 
cohort of patients with HAE, but 29% of their patients 
reported deaths of one or more family members.11 In the 
present study, we observed the death of 1 of 170 patients 
diagnosed with HAE. On the other hand, of these 65 fam-
ilies (170 patients), 16 families (25%) reported the death 
from HAE of 36 family members/relatives (1 family member 
death per 4.9 patients).

The mean age at death reported in three studies was 39, 
40.8 and 46 years, respectively.10,12,13 In the present study, 
median age at death was 38 years (range 17–55) (Table 
3). This suggests that most of these deaths occurred dur-
ing young adulthood. We analysed our cohort’s records to 
assess if there might be any risk factors in these families 
that could predict the risk of death. Other than delays in 
diagnosis and access to first-line treatment options, no other 
factors appeared to predict the risk of mortality. A multicen-
tre study from Germany has also reported that mortality 
was significantly higher in undiagnosed patients (63 of the 
70 deaths) than in diagnosed patients with HAE (7 of the 70 
deaths). Bork et al. reported that the average lifespan may 
be reduced by approximately 31 years because of HAE.10

Figure 3 Pedigree of families 7–11. HAE, hereditary angio-oedema.

Figure 4 Pedigree of families 12–16. HAE, hereditary angio-oedema.
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It must be observed that the mortality data in most stud-
ies have been observed from countries where first-line 
treatment options were not available. In the last 10 years, 
the majority of reported studies have been from China, 
Brazil, Iran, South Africa, Romania and India, where avail-
ability of and access to first-line treatment options are still 
a major challenge (Table 3).5,11,13,16 It must also be observed 
that there are several countries in which first-line treatment 
options for HAE are still not available, but those countries 
have not yet reported mortality data in their patients with 
HAE. Most developed countries who do have available first-
line treatment options for HAE, and who can follow guide-
lines and provide home management of an acute episode, 
have been able to significantly reduce their HAE-related 
mortality.10,17

At the time of analysis of these data, none of the first-
line treatment options were available in India. Fresh frozen 
plasma (FFP) used to be the only treatment option availa-
ble during an acute episode of angio-oedema6; however, 
FFP treatment has inherent limitations. First, it may not 
be as effective as many of the first-line treatment options 
such as plasma-derived C1Inh concentrate and icatibant.4 
Furthermore, delay in access is a likely challenge, as was 
seen in one of our patients, who could not access FFP dur-
ing an episode of laryngeal oedema and died on the way 
to hospital. Additionally, FFP transfusions are not without 
adverse effects, which include: risk of transmission of viral 
infections (such as hepatitis B, human immunodeficiency 
virus and hepatitis C); allergic reactions; volume overload; 
transfusion-associated lung injury; and a theoretical risk of 
paradoxical flare of an acute attack.18

Nevertheless, studies from Iran and South Africa have 
reported that FFP may be effective in reducing mortality 
in patients with HAE.19 Wentzel et al. reported that all but 
two patients in their series responded to the use of FFP.19 In 
our published experience, whenever FFP was used during 
an acute attack, most patients showed a good response. 
However, it must be stressed that FFP should not be con-
sidered as a first-line treatment option for the management 
of acute attacks of laryngeal oedema in countries where 
 plasma-derived C1Inh concentrate or other first-line treat-
ment options are available.

There are several suggested ways to reduce the risk 
of death in patients with HAE and to improve the quality 
of life of these patients. For prompt diagnosis and appro-
priate management, education of the primary physicians 
treating HAE, especially in the emergency department, 

Figure 5 Pedigree of family 2. The index case succumbed to the 
laryngeal oedema while she was on long-term prophylaxis. HAE, 
hereditary angio-oedema.

Table 1 Comparison of clinical and molecular profiles between families who reported death from hereditary 
angio-oedema and those who reported no death

Characteristics
Families with 

mortality (n = 16)
Families without 
mortality (n = 49) P-value

Type I : type II 13 : 3 45 : 4 0.35
Laryngeal oedema 14 (88) 36 (73) 0.32
Tongue swelling 6 (38) 25 (51) 0.34
Abdominal involvement 10 (63) 32 (65) 0.83
Extremity swelling 12 (75) 28 (57) 0.25
Genital swelling 8 (50) 24 (49) 0.94
Variants in SERPING1 other than missense 5 (31) 16 (33) 0.58
Missense variants in SERPING1 6 (38) 15 (31) 0.61

Data are presented as n (%) unless otherwise indicated.

Table 2 Comparison of clinical manifestations between patients with hereditary angio-oedema who reported the death of at 
least one family member vs. patients who reported no deaths in their family

Characteristics

Patients who reported 
death of at least one 

family member (n = 56)

Patients who 
reported no deaths in 
their family (n = 114) P-value

Age at onset, years; median (range) 11.5 (6–28) 14.5 (4–42) 0.71
Delay in diagnosis, years; median (range) 18 (1–40) 13.5 (2.5–32) 0.47
Laryngeal oedema 30 (54) 50 (43.9) 0.23
Tongue swelling 14 (25) 19 (16.7) 0.19
Abdominal involvement 34 (61) 60 (52.6) 0.12
Extremity swelling 50 (89) 91 (79.8) 0.14
Genital swelling 10 (18) 26 (22.8) 0.45

Data are presented as n (%) unless otherwise indicated.
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is of paramount importance. Family screening should be 
emphasized in every family with newly diagnosed HAE so 
that the risk of death in undiagnosed cases can be lowered 
and deaths prevented.20 Plasma-derived C1Inh concentrate 
should be made widely accessible to all patients with HAE. 
Efforts should be made to make available the other first-line 
treatment options for management of HAE such as icatib-
ant (a bradykinin receptor antagonist) for an acute attack, 
and better treatment options for long-term prophylaxis such 
as lanadelumab (a plasma kallikrein inhibitor for subcutane-
ous use) and berotralstat (a plasma kallikrein inhibitor for 
oral use).

In conclusion, this is the largest single-centre cohort 
of patients with HAE in India reporting mortality data and 
factors associated with death in their respective families. 
Delay in diagnosis is the primary reason for mortality. It is 
extremely important to have access to first-line treatment 
options for HAE in India, especially for self-administration at 
home in an acute attack. There is an urgent need to increase 
awareness of HAE and to emphasize among families the 
importance of screening, in order to avoid and prevent 
delays in diagnosis.
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