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Introduction
Angioedema	 is	 defined	 as	 a	 deep‑seated,	
ill‑defined,	 nonpitting	 edema	 or	 swelling	
of	 skin	 or	 mucosae	 that	 lasts	 much	
longer	(2–3	days)	than	an	average	urticarial	
wheal,	 which	 is	 superficial,	 well‑defined	
swelling	 of	 skin	 that	 usually	 lasts	 for	
few	 hours.	 Urticaria	 is	 usually	 intensely	
pruritic,	 whereas	 angioedema	 is	 not;	 it	 can	
rather	 be	 painful.[1]	 A	 tendency	 to	 involve	
nongravitational	 areas	 and	 asymmetric	
distribution	 differentiates	 angioedema	 from	
other	 causes	 of	 symmetrical	 gravitational	
edema	 such	 as	 congestive	 heart	 failure,	
cirrhosis,	and	nephrotic	syndrome.[2]

Angioedema	 is	 traditionally	 classified	
according	 to	 the	 presence	 or	 absence	 of	
wheals.[3]	 Angioedema associated with 
wheals	 is	 commonly	 encountered	 in	
patients	 having	 acute	 or	 chronic	 urticaria	
or	 anaphylaxis,	 and	 the	 chief	 mediator	
for	 its	 development	 is	 histamine,	 which	 is	
released	 from	 the	mast	cells,	either	 through	
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Abstract
Hereditary	angioedema	 (HAE)	 is	 an	uncommon	disorder	with	a	global	prevalence	of	approximately	
1	 in	 10,000	 to	 1	 in	 50,000	 population.	 This	 disease	 is	 grossly	 underrecognized	 in	 India	 because	
of	 lack	 of	 awareness	 and/or	 lack	 of	 diagnostic	 facilities.	 Clinical	 manifestations	 include	 swelling	
over	 face,	 eyes,	 lips,	 hands,	 feet,	 and	 genitals,	 abdominal	 pain,	 and	 life‑threatening	 laryngeal	
edema.	 HAE	 should	 be	 suspected	 in	 all	 patients	 who	 present	 with	 angioedema	 without	 wheals	
and	 who	 do	 not	 respond	 to	 antihistamines	 and/or	 steroids.	 C1	 levels,	 C1‑INH	 levels,	 and	 C1‑INH	
function	 should	 be	 checked	 in	 all	 patients	 suspected	 to	 have	 HAE.	 C1q	 levels	 should	 be	 assessed	
in	 patients	 with	 suspected	 autoimmune‑mediated	 acquired	 angioedema.	 Management	 of	 HAE	
constitutes	 the	 treatment	of	 acute	 attack	 and	 short‑term	and	 long‑term	prophylaxis.	Because	of	 lack	
of	 all	 first‑line	 recommended	medications,	 the	management	 of	HAE	 in	 India	 is	 a	 challenging	 task.	
Patients	 are	managed	 using	 fresh	 frozen	 plasma	 (acute	 treatment),	 tranexamic	 acid,	 and	 attenuated	
androgens	 (prophylaxis).	 Even	 though	 attenuated	 androgens	 have	 been	 shown	 to	 be	 effective	 in	
the	 prevention	 of	 attacks	 of	HAE,	 the	 side	 effect	 profile	 especially	 in	 children	 and	 in	 females	 is	 a	
serious	 concern.	 Hence,	 the	 treatment	 needs	 to	 be	 individualized	 considering	 the	 risk‑benefit	 ratio	
of	 long‑term	prophylaxis.	 In	 this	 review,	we	provide	an	overview	of	diagnostic	 strategy	 for	patients	
with	HAE	and	the	current	treatment	concepts	with	emphasis	on	currently	available	treatment	options	
in	resource‑constrained	settings.
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immunological	 pathways	 (IgE‑mediated	
type‑1	 hypersensitivity)	 or	 by	 agents	 that	
act	directly	on	 the	mast	 cells	 to	 cause	 their	
degranulation.[4]

Angioedema not associated with wheals	
is	 a	 different	 entity,	 mediated	 by	 agents	
other	 than	 histamine;	 bradykinin	 being	
the	 most	 important	 one.	 Hereditary	
angioedema	 (HAE)	 is	 the	 most	 important	
entity	in	this	category	followed	by	acquired	
angioedema	 (AAE).	 AAE	 may	 have	
multifactorial	etiologies.

HAE	 is	 an	 uncommon	 disorder	 with	 a	
global	 prevalence	 of	 approximately	 1	 in	
10,000	 to	 1	 in	 50,000	 population.	 There	
are	 no	 epidemiological	 data	 on	 HAE	 from	
India.	 However,	 considering	 the	 current	
population	 and	 the	 global	 prevalence	 of	
HAE,	 it	 may	 be	 postulated	 that	 there	 are	
more	 than	 30,000	 patients	 with	 India	 at	
present.	 This	 suggests	 that	 HAE	 is	 grossly	
underdiagnosed	 in	 India.	 This	 could	 be	
related	 to	 lack	 of	 awareness	 or	 at	 times	 to	
the	 lack	 of	 diagnostic	 facilities.	 As	 most	
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patients	 with	 HAE	 present	 with	 subcutaneous	 swelling	
episodes,	 they	 would	 visit	 a	 dermatologist	 for	 an	 initial	
consultation.	 Hence,	 dermatologists	 have	 an	 important	
role	 to	 play	 in	 the	 early	 diagnosis	 of	 this	 condition	 and	 to	
prevent	morbidity	and	mortality.

In	 this	 review,	 we	 discuss	 the	 diagnostic	 algorithm	 and	
current	 treatment	 concepts	 in	 HAE	 especially	 with	 regard	
to	 a	 developing	 country	 perspective	 such	 as	 ours.	We	 also	
brief	 about	 the	 pathophysiology	 and	 clinical	 features	 of	
bradykinin‑mediated	angioedema.

Pathogenesis of “Angioedema Without Wheals”
Bradykinin,	 via	 its	 action	 on	 B2	 receptors,	 mediates	
vasodilation	and	enhances	vascular	permeability	resulting	in	
angioedema.	Anything	that	interferes	with	the	degradation	of	
bradykinin	or	augments	 its	generation	can	potentially	cause	
angioedema.[5,6]	High	molecular	weight	kininogen	(HMWK)	
is	 cleaved	 by	 activated	 factor	 XII	 and	 kallikrein	 to	 form	
bradykinin.	 Kallikrein	 and	 activated	 factor	 XII	 are	 formed	
by	 activation	 of	 pre‑kallikrein	 and	 factor	 XII,	 respectively,	
through	 contact	 activation.	Normally,	 the	 contact	 activation	
is	 inhibited	 by	 C1‑esterase	 inhibitor	 or	 simply	 called	
C1‑inhibitor	 (C1‑INH),	 a	 multi‑serine	 protease	 inhibitor	
that	 controls	 several	 other	 catalytic	 pathways	 including	
classical	 complement	 activation.	 The	 common	 subtypes	 of	
HAE	 result	 from	 either	 a	 deficiency	 of	C1‑INH	 (type	 I)	 or	
its	 dysfunction	 (type	 II),	 causing	 excess	 contact	 activation	
and	 generation	 of	 kallikrein	 that	 in	 turn	 generates	 more	
bradykinin	from	HMWK	and	leads	to	angioedema.	Classical	
complement	pathway	is	also	overactivated	simultaneously	in	
patients	with	HAE.	 In	 the	 absence	 of	C1‑INH,	C1‑esterase	
cleaves	 excess	 of	 C4	 leading	 to	 its	 low	 serum	 levels,	 an	
important	 surrogate	 marker	 of	 diagnosing	 HAE,	 especially	
during	acute	attacks.	However,	low	C4	levels	are	not	related	
to	the	pathogenesis	of	HAE	per	se.[5]

Both	 type	 I	 and	 type	 II	 HAE	 are	 now	 classified	 as	
C1‑INH‑HAE.	 Type	 I	 constitutes	 85%	 of	 C1‑INH‑HAE	
cases,	 whereas	 remaining	 belong	 to	 type	 II.	 In	 type	 I,	
both	 levels	 and	 function	 of	 C1‑INH	 are	 low,	 whereas	 in	
type	 II,	 the	 C1‑INH	 is	 dysfunctional,	 and	 therefore,	 the	
levels	 are	 normal	 to	 elevated;	 however,	 function	 is	 low.	
Type	 III	 HAE,	 now	 classified	 as	 normal‑C1‑INH‑HAE,	
is	 characterized	 by	 normal	 C4	 and	 C1‑INH	 levels	 and	
function	 and	 can	 only	 be	 diagnosed	 by	 doing	 the	 genetic	
testing.	 These	 patients	 may	 have	 mutations	 in	 factor 
XII, angiopoietin, kininogen,	 plasminogen,	 myoferlin,	
or	 heparan sulfate 3-O-sulfotransferase 6	 gene.[5,7–14]	
Identification	 of	 these	 additional	 genetic	 defects	 in	
patients	 with	 HAE	 has	 expanded	 our	 understanding	 of	
pathogenesis	 of	 HAE	 and	 has	 proved	 that	 this	 is	 not	
limited	to	contact‑kinin‑complement	pathway.	Identification	
of	 genetic	 defects	 in	 angiopoietin, heparan sulfate 
3-O-sulfotransferase 6, and	myoferlin	 gene	has	highlighted	
that	 endothelium	has	an	 important	 role	 in	 the	pathogenesis	
of	HAE.

Acquired	 “angioedema	 without	 wheals”	 may	 be	
caused	 by	 drugs,	 angiotensinogen	 converting	 enzyme	
inhibitors	 (ACE‑i)	 being	 the	 most	 common	 offending	
drug.	ACE	 is	 required	 for	 degradation	 of	 bradykinin,	 and	
its	 inhibition	 can	 lead	 to	 the	 accumulation	 of	 bradykinin	
causing	 angioedema.	 Other	 important	 clinical	 settings	
where	one	may	get	acquired	“angioedema	without	wheals”	
are	 patients	 with	 lymphoma	 or	 autoimmune	 diseases	 such	
as	 systemic	 lupus	 erythematosus,	 where	 antibodies	 are	
formed	against	C1‑INH	causing	its	degradation.[1]

Clinical Features of HAE
HAE	 is	 characterized	 by	 recurrent	 episodes	 of	 ill‑defined,	
nonpitting	 skin	 and	mucosal	 swellings.	 Diagnosis	 of	 HAE	
should	 be	 considered	 in	 any	 patient	 who	 presents	 with	
angioedema	 in	absence	of	wheals.	Although	most	 episodes	
of	 angioedema	 in	 patients	 with	 HAE	 are	 spontaneous	 in	
onset,	 a	 trigger	 such	 as	 physical	 trauma,	 mental	 stress,	
infections,	 and	 dental	 or	 other	 surgical	 procedures	may	 be	
identified	in	a	few	patients.	A	typical	episode	of	angioedema	
in	 patients	 with	 HAE	 lasts	 approximately	 3–5	 days	 and	
resolve	spontaneously.	It	may	involve	lips,	eyes	[Figure	1],	
cheeks,	 hands,	 feet,	 genitals,	 gastrointestinal	 tract,	 tongue	
and	 larynx.	 Cutaneous	 swellings	 most	 frequently	 involve	
the	 limbs	 followed	 by	 face,	 genitals,	 and	 lips.	 These	 are	
nonpitting	 and	 frequently	 involve	 nondependent	 areas	 of	
the	limbs.[15]

Figure 1: Asymmetric left eyelid and cheek swelling in a 6-year-old girl 
with HAE
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Abdominal	 colic	 due	 to	 angioedema	 of	 bowel	 wall	
is	 common	 and	 many	 of	 these	 patients	 present	 to	 the	
emergency	 settings	 with	 acute	 abdomen.[16]	 These	
patients	may	inadvertently	undergo	laparotomy	similar	to	
patients	with	 acute	 intermittent	 porphyria	 and	hereditary	
Mediterranean	 fever	 (HMF).	 However,	 peritoneal	 signs	
are	 absent	 in	 HAE	 and	 porphyria,	 and	 prominent	 in	
HMF.

Laryngeal	 edema	 is	 a	 potentially	 life‑threatening	
manifestation	 of	 HAE	 and	 approximately	 50%	 patients	
experience	 episode	 of	 laryngeal	 edema	 at	 least	 once	
in	 their	 lifetime.[17]	 Laryngeal	 edema	 in	 HAE	 or	 any	
bradykinin‑mediated	 angioedema	 causes	 stridor;	 however,	
bronchospasm	 or	 wheezing,	 which	 is	 a	 feature	 of	
histaminergic‑mediated	 angioedema,	 is	 characteristically	
absent.	 Facial	 and	 lip	 angioedema	may	 rapidly	 progress	 to	
involve	laryngeal	edema.

Approximately	 50%	 patients	 with	 HAE	 have	 a	 prodromal	
phase	 characterized	 by	 tingling,	 numbness,	 pain,	 and	
formation	 of	 faint,	 erythematous,	 serpiginous	 to	 annular,	
and	 most	 importantly,	 nonpruritic	 patches	 resembling	
chicken‑wire	 on	 skin,	 called	 as	 erythema	marginatum.[18,19]	
These	 skin	 lesions	 bear	 a	 striking	 similarity	 to	 erythema	
marginatum	 rheumaticum	 seen	 in	 acute	 rheumatic	 fever	
and	 may	 be	 confused	 with	 urticaria	 as	 well.	 Prodromal	
phase	 usually	 disappears	 by	 the	 time	 patients	 present	 to	
the	 physicians	 and	 dermatologists.	 Presence	 of	 prodromal	
symptoms	 is	 also	more	 suggestive	 of	 bradykinin‑mediated	
angioedema	 rather	 than	 histamine‑mediated	 angioedema	
and	should	always	be	asked	while	evaluating	a	patient	with	
suspected	HAE.

Type	 III	 or	 normal‑C1‑INH‑HAE	 is	 a	 rare	 entity.	 Clinical	
presentation	of	normal‑C1‑INH‑HAE	resembles	 type	1	and	
type	 2	 HAE.	 However,	 there	 are	 a	 few	 features	 that	 may	
help	 differentiate	 normal‑C1‑INH‑HAE	 from	 other	 types	
of	 HAE.	 These	 include	 a	 higher	 female	 predominance,	
more	frequent	 involvement	of	face,	 tongue,	and	uvula;	 less	
frequent	 attacks	 overall,	 less	 frequent	 abdominal	 attacks,	
and	relatively	later	age	of	onset.[5]	Patients	with	angiopoietin	
gene	mutation	may	have	nail	fold	capillary	abnormalities.[10]	
Hemorrhages	 and	 bruising	 have	 also	 been	 reported	 in	 the	
skin	 lesions	 of	 patients	 who	 have	 normal‑C1‑INH‑HAE.	
Patients	 with	 factor XII	 gene	 mutation	 (most	 common	
type	 of	 normal‑C1‑INH‑HAE)	 have	 marked	 sensitivity	 to	
estrogen	 and	 most	 attacks	 develop	 during	 pregnancy	 and	
with	use	of	estrogen‑containing	oral	contraceptives.[14,20]

Positive	 family	 history	 and	 an	 autosomal	 dominant	 mode	
of	inheritance	are	typical	of	HAE.	However,	approximately	
25%	 of	 patients	 have	 a	 de novo	 mutation	 and	 have	 no	
family	 history.[21]	 Till	 date,	 de novo	 mutations	 have	 not	
been	 reported	 in	 normal‑C1‑INH‑HAE.	Most	 patients	with	
AAE	 have	 onset	 of	 disease	 after	 the	 age	 of	 40,	 whereas	
most	patients	with	C1‑INH‑HAE	have	disease	onset	around	
adolescence	or	early	adulthood.[1]

In	 late‑onset	 cases,	 it	 is	 important	 to	 ask	 the	 history	 of	
drug	 intake	 especially	 ACE‑i	 in	 setting	 of	 a	 new‑onset	
“angioedema	without	wheals”,	and	it	is	useful	to	remember	
that	 ACE‑i	 is	 contraindicated	 in	 patients	 having	 a	 prior	
diagnosis	 of	 HAE.	 Other	 drugs	 known	 to	 cause	 AAE	
include	 nonsteroidal	 anti‑inflammatory	 drugs	 (usually	
leukotriene	 mediated),	 dipeptidyl	 peptidase	 inhibitors,	
calcium	 channel	 blockers,	 and	 tissue	 plasminogen	
activators.	 At	 last,	 lymphomas	 and	 autoimmune	
diseases	 should	 be	 ruled	 out	 as	 well	 on	 clinical	 and/or	
investigational	 grounds.	 Similar	 to	 normal‑C1‑INH‑HAE,	
abdominal	attacks	are	less	frequent	in	AAE,	whereas	facial	
attacks	are	more	common.	In	fact,	normal‑CI‑INH‑HAE	is	
an	important	differential	of	AAE,	especially	in	the	settings	
of	normal	C1q	levels.[22,23]

To	 summarize,	 unexplained,	 recurrent	 episodes	 of	
cutaneous	 or	 mucosal	 angioedema	 (recurrent	 abdominal	
colic,	 laryngeal	 swellings)	 in	 absence	 of	 pruritus	 and	
urticaria	should	make	one	 think	of	HAE.	A	positive	family	
history	 is	 an	 important	 corroborative	 marker;	 however,	 its	
absence	 should	 not	 deter	 one	 from	making	 a	 diagnosis	 of	
HAE	as	up	to	25%	of	all	mutations	are	de-novo.

Differential Diagnosis
Hair	 dye‑induced	 allergic	 contact	 dermatitis	 (usually	
associated	 with	 pain/burning/pruritus),	 connective	 tissue	
diseases	 especially	 dermatomyositis	 and	 systemic	 lupus	
erythematosus,	 trichinosis	 (associated	 eosinophilia),	 and	
granulomatous	 cheilitis	 (persistent	 infiltrated	 swelling	 of	
lips	 with	 features	 of	 granulomas	 on	 histopathology)	 are	
important	differentials	encountered	in	dermatology	practice.	
These	can	be	differentiated	from	HAE	on	a	careful	clinical	
evaluation.	 Hypereosinophilic	 syndrome	 and	 urticarial	
vasculitis	 may	 also	 have	 associated	 angioedema,	 but	
usually	 have	 purpuric	 or	 papular	 infiltrated	 urticarial	 skin	
lesions.[2]

In	 general,	 histamine‑mediated	 angioedema	 is	 rapid	 in	
onset	 and	 usually	 resolves	 within	 1	 or	 2	 days,	 whereas	
bradykinin‑mediated	 angioedema	 is	 relatively	 slower	
to	 begin	 and	 stays	 for	 3	 to	 5	 days	 once	 established.	
In	 rare	 cases	 not	 accompanied	 by	 classical	 wheals	
of	 urticaria,	 co‑existing	 pruritus,	 flushing,	 flare	 and	 a	
positive	 response	 to	 antihistamines	 and	 corticosteroids	
also	 helps	 to	 distinguish	 mast‑cell/histamine‑mediated	
isolated	 idiopathic	 angioedema	 from	 that	 mediated	 by	
bradykinin.[15]	As	 histaminergic	 angioedema	 is	 much	more	
common	than	HAE,	it	is	prudent	to	give	a	trial	of	high‑dose	
antihistamines	 (double	 of	 the	 typical	 dosages)	 to	 see	 if	
the	 angioedema	 responds	 to	 antihistamines,	 especially	 in	
patients	 who	 have	 not	 received	 antihistamines	 before.	 As	
HAE	would	 not	 respond	 to	 antihistamines,	 but	 rare	 causes	
of	 isolated	 recurrent	 histaminergic	 angioedema	 would,	
this	 can	 help	 to	 avoid	 extensive	 investigations	 in	 patients	
having	histaminergic	angioedema.
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Diagnosis
Serum	 C4	 levels,	 C1‑INH	 antigenic	 levels	 (using	
nephelometry),	 and	 functional	 assay	 for	 C1‑INH	 (using	
enzyme‑linked	 immunosorbent	 assay,	 ELISA)	 should	 be	
carried	 out	 in	 all	 patients	 with	 suspected	 HAE.	 Testing	
for	 C4	 levels	 alone	 is	 not	 a	 good	 screening	 test	 as	 it	 has	
a	 sensitivity	 of	 approximately	 80%	 only.	 C4	 levels	 are	
always	 normal	 in	 approximately	 20%	 patients	 even	 when	
carried	out	at	the	time	of	an	attack.	Repeat	test	for	C1‑INH	
is	 advised	 if	 first	 test	 is	 normal	 and	 there	 is	 high	 clinical	
suspicion.[3]

Patients	 with	 AAE	 due	 to	 acquired	 C1‑INH	
deficiency	 (secondary	 to	 antibodies	 generated	 against	
C1‑INH)	 will	 have	 low	 C4,	 low	 or	 normal	 C1‑INH	 levels	
but	 low	C1‑INH	 function,	 and	 low	C1q	 levels.	C4,	C1‑INH	
levels	 and	 function	 are	 normal	 in	 patients	 having	 ACE‑i	
induced	 angioedema,	 and	 those	 with	 idiopathic	 acquired	
angioedema	 (after	 excluding	 all	 other	 causes).	 Patients	
with	 normal‑C1‑INH‑HAE	 have	 normal	 C4,	 C1INH	 levels	
and	 C1‑INH	 functions	 and	 at	 present	 time	 diagnosis	 of	
normal‑C1‑INH‑HAE	 can	 only	 be	 established	 using	 next	
generation	 sequencing	 (either	 whole	 exome	 sequencing	 or	
targeted	 next	 generation	 sequencing).	 D‑dimer	 levels	 are	
often	elevated	at	 the	 time	of	 an	acute	attack	 in	patients	with	
HAE	or	during	the	prodrome	of	erythema	marginatum[24]	and	
may	be	a	useful	test	in	clinically	suspected	patients	with	HAE	
in	whom	other	laboratory	investigations	are	inconclusive.

Figure	 2	 gives	 a	 simplified	 algorithmic	 approach	 for	
laboratory	diagnosis	of	a	clinically	suspected	case	of	HAE.

Management of HAE
HAE	 is	 a	 genetic	 disorder	 and	 at	 present	 there	 is	 no	
cure	 for	 HAE.	 The	 aim	 of	 treatment	 is	 to	 avoid	 any	
disease‑related	 mortality	 and	 to	 improve	 quality	 of	 life	
of	 patients.[25,26]	 With	 availability	 of	 modern	 treatment	
options	 in	 several	 countries,	 the	 mortality	 due	 to	 HAE	
has	 reduced	 significantly.	 However,	 as	 most	 of	 the	
recommended	 first‑line	 treatments	 are	 not	 available	 in	
India	 at	 present,	 mortality	 continues	 to	 be	 a	 concern	 for	
patients	with	HAE.[21,27]

There	 are	 3	 different	 principles	 in	 the	 management	 of	
HAE:	 Treatment	 of	 acute	 attack	 (on‑demand	 therapy),	
prevention	 of	 long‑term	 attacks	 (long‑term	 prophylaxis),	
and	prevention	of	attacks	when	it	 is	anticipated	(short‑term	
prophylaxis).

Table	 1	 gives	 a	 summary	 of	 all	 drugs	 used	 in	 the	
management	of	HAE	(including	their	mechanism	of	action,	
routes	 of	 administration,	 doses,	 and	 adverse	 effects).	 The	
review	 would,	 however,	 focus	 on	 drugs	 that	 are	 currently	
available	for	use	in	India.
1.	 On‑demand	treatment
2.	 Short‑term	prophylaxis
3.	 Long‑term	prophylaxis

On demand treatment
Self‑administered	 plasma‑derived	 C1‑INH	 concentrate	
is	 the	 drug	 of	 choice	 for	 patients	 with	 HAE	 in	
most	 developed	 countries.[25,26]	 However,	 at	 present	
this	 drug	 is	 not	 available	 in	 India.	 Fresh	 frozen	
plasma	 (FFP)	 contains	 1	 unit	 of	C1‑INH	per	ml	 and	 is	
the	 treatment	 of	 choice	 for	 the	 management	 of	 acute	
attacks	 in	 patients	 with	 HAE	 in	 India.[27]	 Even	 though	
the	 	 guidelines	 recommend	 that	 each	 attack	 of	 HAE	
should	 be	 treated,	 because	 of	 potential	 side	 effects	
associated	 with	 use	 of	 FFP,	 its	 use	 may	 be	 suggested	
for	 the	 treatment	 of	 acute	 life‑threatening	 attacks	 such	
as	 laryngeal	 edema.[28–32]	 FFP	 should	 be	 used	 in	 a	 dose	
of	 10–20	 ml/kg	 (or	 2	 units	 in	 adults).	 Most	 patients	
respond	 within	 1–12	 h	 of	 administration	 of	 FFP.[30,31]	
There	 is	a	 theoretical	 risk	of	worsening	of	an	attack	of	
HAE	 with	 the	 use	 of	 FFP	 as	 it	 also	 contacts	 proteins	
that	 may	 activate	 the	 contact	 system	 and	 may	 lead	
to	 more	 production	 of	 bradykinin.	 However,	 the	 risk	
is	 more	 theoretical	 and	 we	 have	 not	 observed	 the	
worsening	 of	 acute	 attacks	with	 the	 use	 of	 FFP	 in	 our	
experience.	 Side	 effects	 associated	 with	 the	 use	 of	
FFP	 include	 infusion	 reactions	 and	 anaphylaxis,	 risk	
of	 transmission	 of	 viral	 infections	 such	 as	 hepatitis	 B,	
hepatitis	C,	and	human	immunodeficiency	virus	(HIV),	
and	volume	overload.[33]

Figure 2: Simplified diagnostic algorithm for patients with clinically 
suspected HAE. $Family history of HAE may not be present in up to 20% 
of all patients with HAE. $$Recurrent pain abdomen may occasionally 
be the only clinical presentation of HAE. $$$Family members should be 
screened even if they are asymptomatic as late presentations and very 
mild presentations of HAE are known. *C4 levels are usually assessed 
using nephelometry, which may be normal in up to 20% of all patients 
even at the time of an acute attack. **C1-INH levels usually assessed using 
nephelometry. A repeat test is advised if the initial results are normal and 
there is high clinical suspicion of HAE. ***C1-INH function usually assessed 
using enzyme-linked immunosorbent assay (ELISA). Depending on the 
ease of accessibility, this test may be carried out at the time of initial 
presentation or after obtaining results of C4/C1-INH levels. Inappropriate 
storage or transport may affect the results of C1-INH functions. #A clinical 
possibility of acquired angioedema may be considered in patients with 
late-onset of symptoms (>40 years of age) and if there is no family 
history. Low C1q levels may be suggestive of acquired angioedema 
due to the presence of autoantibodies against C1-INH protein (seen in 
autoimmune diseases). ##At present, there are no biomarkers for diagnosis 
of nl-C1-INH-HAE
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Short‑term prophylaxis
Short‑term	 prophylaxis	 is	 used	 in	 situations	 when	 there	
is	 a	 predictable	 risk	 of	 development	 of	 an	 episode	 of	
life‑threatening	 laryngeal	 edema.	 This	 is	 usually	 seen	
at	 the	 time	 of	 a	 major	 surgery	 or	 a	 dental	 procedure.	
Procedures	 that	 involve	 laryngeal	 manipulation	 such	 as	
for	 administering	 the	 general	 anesthesia	 where	 laryngeal	
intubation	is	needed,	is	a	particularly	high‑risk	situation	that	
would	 merit	 short‑term	 prophylaxis.	 Several	 observational	
studies	 have	 shown	 that	 use	 of	 short‑term	 prophylaxis	

during	 high‑risk	 procedures	 is	 effective	 in	 preventing	 an	
attack	of	angioedema.[34–37]

In	 countries,	 where	 C1‑INH	 therapy	 or	 Icatibant	 is	 easily	
available	 and	 can	 be	 used	 for	 patients	 with	 HAE	 as	 and	
when	 they	 develop	 angioedema,	 it	 may	 be	 suggested	 to	
keep	 a	 high	 threshold	 for	 use	 of	 short‑term	 prophylaxis	
for	 various	 surgical	 procedures.	 However,	 in	 developing	
countries	such	as	ours	where	all	first‑line	treatment	options	
are	not	available	and	at	times,	the	fresh	frozen	plasma	(that	
is	 the	 only	 option	 for	 management	 of	 acute	 attacks	 in	

Table 1: An overview of various drugs used in the management of HAE
Drug Mechanism of action Indications Self‑ 

administration
Dosage Side effects

Plasma‑derived	
C1‑INH	
(Berinert,	
Cinryze	and	
HAEGARDA)

Replaces	deficient	or	
dysfunctional	C1‑INH	and	
inhibits	plasma	kallikrein,	
factor	XIIa,	complement	
proteins,	and	plasmin

Prophylaxis	(short‑term/
long‑term)	and	
management	of	acute	
episode	including	children	
and	during	pregnancy

Yes Variable* Anaphylaxis,	transmission	of	
infectious	agents

Recombinant	
human	C1‑INH	
(Ruconest)

Replaces	deficient	or	
dysfunctional	C1‑INH	and	
inhibits	plasma	kallikrein,	
factor	XIIa,	complement	
proteins,	and	plasmin

Management	of	acute	
episodes	in	adolescents,	
adults,	and	during	
pregnancy

No 50	U/kg	
intravenous

Anaphylaxis,	transmission	of	
infectious	agents

Icatibant Inhibition	of	Bradykinin	
B2	receptor	

Management	of	acute	
episodes	in	children,	
adults,	and	during	
pregnancy

Yes 10‑30	mg	
subcutaneous	
depending	on	
weight

Injection	site	reactions

Ecallantide Inhibition	of	plasma	
kallikrein

Management	of	acute	
episodes	in	adolescents,	
adults,	and	during	
pregnancy

No 30	mg	
subcutaneous

Anaphylaxis,	formation	of	
anti‑drug	antibodies,	and	
prolonged	activated	partial	
thromboplastin	time

Fresh	frozen	
plasma

Replaces	C1‑INH	protein Management	of	acute	
episodes	when	other	
treatment	options	are	not	
available

No 10‑20	ml/kg	
or	2	units

Infusion	reactions,	
transmission	of	viral	agents,	
volume	overload,	theoretical	
risk	of	aggravation	of	attack

Lanadelumab Fully	humanized	IgG1	
monoclonal	antibody	
directed	against	plasma	
kallikrein

Long‑term	prophylaxis	in	
adolescents	and	adults

Yes 300	mg	every	
2	weekly

Injection	site	reactions,	
dizziness,	prolonged	activated	
partial	thromboplastin	time,	
and	anaphylaxis

Berotralstat Inhibits	plasma	kallikrein Long‑term	prophylaxis	in	
adolescents	and	adults

Yes 150	per	day	
oral

Gastrointestinal	discomfort,	
vomiting,	diarrhea,	headache

Danazol Induces	intrinsic	
production	of	C1‑INH	and	
increases	catabolism	of	
bradykinin

Long‑term	prophylaxis	
(to	be	avoided	in	children	
and	during	pregnancy	and	
breastfeeding)

Yes 100	mg	
alternate	days	
to	600	mg/
day

Virilization,	precocious	
puberty,	amenorrhea,	acne,	
infertility,	aggressive	behavior,	
depression,	accelerated	
or	discontinued	growth,	
hypertension,	headache,	
weight	gain,	muscle	cramps,	
polycythemia,	dyslipidemia

Stanozolol Induces	intrinsic	
production	of	C1‑INH	and	
increases	catabolism	of	
bradykinin

Yes 0.5	mg	
alternate	days	
to	4	mg/day

Tranexamic	
acid

Decreases	the	synthesis	
of	plasmin	leading	to	
prevention	of	plasmin‑	
mediated	FXII	activation	
and	subsequent	
bradykinin	production	

Long‑term	prophylaxis Yes 30‑50	mg/
kg/day	in	2‑3	
divided	doses	
(maximum	
dose	3	g/day)

Gastrointestinal	disturbance,	
risk	of	thrombosis

*20	IU/Kg	intravenous	(Berinert)	for	acute	treatment;	1000	U	every	3‑4	days	of	Cinryze	for	long‑term	prophylaxis;	60	U/Kg	twice	a	week	
for	HAEGARDA
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patients	 with	HAE)	 is	 also	 not	 easily	 available,	 it	may	 be	
suggested	 to	 keep	 a	 low	 threshold	 for	 use	 of	 short‑term	
prophylaxis	in	moderate	to	high‑risk	situations.[37]

A	 combination	 of	 fresh	 frozen	 plasma	 and	 attenuated	
androgens	 may	 be	 used	 as	 short‑term	 prophylaxis.	
A	 suggested	 protocol	 for	 use	 of	 short‑term	 prophylaxis	 in	
resource‑constrained	settings	is	given	in	Figure	3.

In	 general,	 there	 is	 a	 risk	 of	 development	 of	 angioedema	
both	 during	 the	 procedure	 and	 48–72	 h	 after	 it.	 Patients	
who	 are	 already	 using	 attenuated	 androgens	 may	 double	
the	 dose	 of	 drug	 2	 days	 prior	 to	 the	 anticipated	 date	 of	
procedure	 and	 should	 be	 continued	 for	 5	 days	 after	 the	
procedure.	 If	 a	 patient	 is	 not	 taking	 attenuated	 androgen,	
then	 this	 may	 be	 initiated	 2	 days	 prior	 to	 the	 anticipated	
date	of	procedure	and	should	be	continued	for	5	days	after	
the	 procedure	 (Dose:	 stanozolol	 2	 mg/day).	 FFP	 may	 be	
given	 (dose	of	10	ml/kg	 twice	daily)	1–2	days	prior	 to	 the	
procedure	 and	 single	 dose	 on	 the	 day	 of	 procedure.	 FFP	
may	 be	 repeated	 after	 the	 procedure	 on	 a	 case‑to‑case	
basis	 (especially	 important	 for	 patients	 in	whom	 laryngeal	
manipulation	has	been	carried	out).

Long‑term prophylaxis
Long‑term	 prophylaxis	 is	 used	 to	 prevent	 an	 episode	 of	
angioedema	 in	 patients	 who	 have	 very	 frequent	 episodes	
that	 are	 affecting	 their	 quality	 of	 life	 or	 patients	who	have	
life‑threatening	 episodes	 of	 angioedema.	 There	 are	 no	
definite	 recommendations	 on	 who	 should	 be	 initiated	 on	
long‑term	 prophylaxis.	 However,	 it	 may	 be	 appropriate	
to	 initiate	 long‑term	 prophylaxis	 in	 patients	 who	 have	 at	

least	more	 than	 1	 episode	 of	 angioedema	 every	month.	 In	
developing	countries	such	as	India	where	the	recommended	
first‑line	 on‑demand	 therapies	 are	 not	 available	 and	
the	 only	 available	 on‑demand	 therapy	 (i.e.,	 FFP)	 may	
not	 be	 easily	 accessible	 to	 all	 patients,	 it	 is	 advisable	
to	 keep	 a	 low	 threshold	 for	 initiation	 of	 long‑term	
prophylaxis.	 However,	 one	 also	 has	 to	 consider	 the	
risk	 v/s	 benefits	 of	 the	 available	 treatment	 options	 for	
long‑term	prophylaxis	 (i.e.,	 tranexamic	acid	and	attenuated	
androgens).

Table	 1	 enlists	 all	 drugs	 that	 are	 used	 for	 long‑term	
prophylaxis.	 The	 review	 would,	 however,	 discuss	 the	
treatment	options	that	are	available	in	India.

Tranexamic acid

Tranexamic	 acid	 is	 an	 antifibrinolytic	 agent	 and	 inhibits	
the	 conversion	 of	 plasminogen	 to	 plasmin	 leading	 to	
decrease	 in	 the	 production	 of	 bradykinin.	Tranexamic	 acid	
is	 less	 effective	 as	 compared	 to	 attenuated	 androgens	 but	
its	 better	 safety	 profile	 makes	 it	 an	 attractive	 option	 for	
long‑term	 prophylaxis	 especially	 in	 children,	 adolescents	
and	 if	 required	 during	 pregnancy.[21,27,38–40]	Tranexamic	 acid	
can	 be	 used	 in	 a	 dose	 of	 30–50	mg/kg/day	 in	 2–3	 divided	
doses	(maximum	dose	3	g/day).

Attenuated androgens

Attenuated	 androgens	 increase	 the	 production	 of	 C1‑INH	
in	 the	 body	 and	 are	 one	 of	 the	 most	 commonly	 used	
drugs	 for	 long‑term	 prophylaxis	 in	 patients	 with	 HAE.	
Stanozolol	 (dose	 05	 mg	 every	 other	 day	 to	 4	 mg/day)	
and	 danazol	 (100	 mg	 every	 other	 day	 to	 600	 mg/day)	

Figure 3: Suggested protocol for short-term prophylaxis in resource-constrained settings
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are	 the	 2	 attenuated	 androgens	 used	 for	 this	 indication.	
These	 drugs	 have	 been	 shown	 to	 reduce	 the	 frequency	 of	
attacks	 of	 angioedema	 including	 life‑threatening	 laryngeal	
episodes.[41–45]	 Dose‑limiting	 side	 effects	 of	 these	 drugs	
include	 weight	 gain,	 hypertension,	 acne,	 menstrual	
irregularities,	 virilization,	 hoarseness	 of	 voice,	 growth	
retardation,	 hirsutism,	 behavioural	 and	 mood	 alterations,	
and	 hepatic	 abnormalities	 such	 as	 adenomas.[21,43,44]	 Hence,	
these	 drugs	 should	 be	 used	 at	 a	 minimum	 possible	 dose	
that	can	be	tolerated	by	patients.	At	least	annual	monitoring	
of	 growth,	 blood	 pressure,	 liver	 enzymes,	 and	 liver	
ultrasound	 should	 be	 carried	 out.	 There	 are	 no	 differences	
between	 stanozolol	 and	 danazol	 as	 far	 as	 the	 efficacy	 and	
side	 effects	 are	 concerned.	 However,	 in	 our	 experience,	
stanozolol	 appears	 to	 be	 better	 tolerated	 as	 compared	 to	
danazol.

Other general measures
All	patients	with	HAE	may	not	be	able	to	identify	a	trigger	
for	 their	 attacks.	 However,	 a	 proportion	 of	 patients	 may	
be	 able	 to	 identify	 a	 potential	 trigger	 and	 they	 must	 be	
counseled	 to	 avoid	 these	 triggers.	 ACE	 inhibitors	 should	
preferably	 be	 avoided	 in	 all	 patients	 with	 HAE.[46]	 In	
addition,	Helicobacter pylori	 infection,[47]	 celiac	 disease,[48]	
and	 other	 inflammatory	 conditions[49]	 may	 lower	 the	
threshold	 for	 swelling	 episodes	 in	 patients	 with	 HAE.	An	
attempt	should	be	made	to	identify	and	treat	these	potential	
triggers.

Role of Physician Societies and Patient 
Organizations
The	 role	 of	 physician	 society	 and	 patient	 organizations	 in	
improving	awareness	about	HAE	and	bring	better	treatment	
options	 for	 patients	 cannot	 be	 overemphasized.	 India	 now	
has	 a	 dedicated	 physician	 society	 for	 HAE	with	 the	 name	
“Hereditary	 Angioedema	 Society	 of	 India”	 (www.haesi.
in).	 The	 society	 was	 established	 in	 February	 2021	 and	
held	 its	 first	 national	 conference	 on	 16th	 May,	 2021	 (on	
the	 occasion	of	 International	HAE	day).	This	meeting	was	
attended	 by	 more	 than	 300	 delegates	 across	 the	 country.	
In	 addition,	 there	 is	 a	 patient	 support	 group	 in	 India	 with	
the	 name	 “HAE	 India”	 (https://haeindia.haei.org)	 and	 an	
international	 patient	 group	 “HAE	 International”	 (https://
haei.org)	 who	work	 in	 close	 collaboration	with	 physicians	
who	 are	 interested	 in	 HAE	 and	 are	 willing	 to	 improve	
patient	 care.	 The	 patient	 groups	 and	 physician	 society	 are	
actively	 pursuing	 the	 pharmaceutical	 companies	 to	 bring	
better	 treatment	options	 for	HAE	 in	 India.	As	a	 result,	one	
local	 pharmaceutical	 company	 is	 now	 about	 to	 launch	 a	
locally	 manufactured	 plasma‑derived	 C1‑INH	 preparation	
and	 another	 international	 pharmaceutical	 company	 is	
willing	 to	market	 their	plasma‑derived	C1‑INH	preparation	
in	 India.	This	has	been	a	 remarkable	progress	and	 is	 likely	
to	have	a	significant	impact	on	the	quality	of	life	of	patients	
with	HAE.

Conclusion
Hereditary	 angioedema	 (HAE)	 is	 an	 uncommon	 disorder	
characterized	 by	 episodic	 nonitchy	 indurated	 swellings	 not	
associated	 with	 urticaria.	 Because	 of	 lack	 of	 awareness,	
the	 disease	 often	 remains	 undiagnosed	 for	 several	 years.	
HAE	 should	 be	 suspected	 in	 all	 patients	who	 present	with	
episodic	 swelling	 without	 urticaria.	 C4,	 C1‑INH	 levels	
and	 C1‑INH	 function	 should	 be	 tested	 in	 all	 patients	with	
suspected	 HAE.	 Patients	 with	 acquired	 angioedema	 and	
normal‑C1‑INH‑HAE	 have	 normal	 levels	 of	 C4,	 C1‑INH	
levels	and	C1‑INH	functions.	Patients	with	HAE	in	most	of	
the	developing	countries	including	India	are	managed	using	
fresh	 frozen	 plasma,	 attenuated	 androgens,	 and	 tranexamic	
acid	 as	 all	 recommended	 first‑line	 treatment	 options	 are	
not	 available	 at	 present.	 However,	 because	 of	 persistent	
efforts	 from	 patient	 groups	 and	 physician	 society,	 patients	
with	HAE	 in	 India	will	 soon	 have	 access	 to	more	modern	
treatment	options.
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