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Periodiek toenemende vasopermeabiliteit

verklaard door een vaso-actieve mediator 

Angio-oedeem (AE) 
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Kliniek

 Non-pitting interstitieel oedeem

 Passagère gelokaliseerde zwelling
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Géén angio-oedeem
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Urticaria en angioedeem



Wel angio-oedeem: Hereditair AE-I (C1-inh 

def) *

* Met toestemming van betrokkene



Wel angio-oedeem: ACE-remmer geassociëerd

AE
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AE – Mediatoren
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Angioedeem - mechanisme



Petro Bianchi CEA 2015



Angioedeem - mediatoren
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IgE gemedieerd



IgE gemedieerd; omega-5-gliadine



1. Mestcel/Histamine mediated angioedema

 Type I / IgE mediated

 Autoantibodies against mast cell IgE receptor (FceRI)

 Complement

 IgG mast cell receptors

 Non-immunological triggers (physical factors, opioids, ethanol)



Autoantibodies against mast cell IgE receptor (FceRI)



Cross talk tussen kallikreine en complementsysteem



IgG en niet-immunologisch



MRG PRX2 receptor

Identification of a mast-cell-specific receptor crucial 

for pseudo-allergic drug reactions
Nature519,237–241(12 March 2015)doi:10.1038/nature14022

http://www.nature.com/nature/journal/v519/n7542/full/nature14022.html
http://www.nature.com/nature/journal/v519/n7542/full/nature14022.html


2. Bradykinin-mediated angioedema



2. Bradykinin-mediated angioedema

 Hereditary and acquired angioedema with C1-inhibitor deficiency

 HAE type I and II

 AAE type I and II

 Hereditary angioedema without C1-inhibitor deficiency (HAE type III)

 Defective glycosylation of FXII (1)

 Diverse nieuwe mutaties (oa plasminogeen) (2)

 Angiotensin-converting enzyme (ACE) inhibitor-induced angioedema

 Idiopathic bradykinin-mediated angioedema

1. Bjorkqvist et al. J Clin Invest 2015

2. Bork et al Allergy 2017



Prototype van bradykinerg AE: C1-inh deficiëntie



C4b

C4a

Complement systeem

C1q(rs)*2

C4 C2

C2b

C2a

C1q(rs)2

Klassieke route

Kinin system

HMWK

Kallikreine

Prekallikrein

Bradykinine

C1 esterase remmer



Bos, Hack, Abrahams. Immunobiology 2002;205(4-5):518-33

Gettins. Chem Rev 2002; 102: 4751-4803

“C1-inh”
Complementsysteem

C1r,s, MASP-1,-2

Contactsysteem /

Kallikreine-kinine systeem 

FXIIa, (90%) kallikreïne (50%)
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C1-esteraseremmer is eigenlijk een verkeerde naam
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Hereditary Angioedema Classification

◼ Autosomal dominant inheritance

◼ Multiple mutations

Three types:

◼ I Low levels of C1 INH

◼ II Inactive protein

◼ III C1 INH normal

◼ Type I: 

◼ 80%-85%

◼ Caused by a decreased synthesis of C1-INH

◼ Type II: 

◼ 15%-20%

▪ Characterized by normal or elevated levels 

of a functionally impaired C1-INH protein

◼ Type III:

◼ rare 

▪ Normal C1-INH levels and activity

▪ Factor XII (Hageman factor) mutation 

involved in some patients ,nieuwe mutaties

▪ Affects mainly women; estrogen-associated



Verworven angioedeem (AE)

 Antistoffen tegen C1 esteraseremmer of verhoogde consumptie 

 Ernstige of chronische ziekten: bv. 

 Maligniteit (B-cel lymfoom)

 auto-immuun aandoening



HAE:Clinical Features

HAE is characterized by spontaneous and recurrent attacks of 
edema in various parts of the body

Attacks can be life-threatening, painful and debilitating

Approx. 30% of untreated patients have >1 attack per month, 
40% have 6-11 swellings per year, and the remaining 30% 
are infrequently symptomatic or symptom-free

Symptoms of edema usually subside in 2-5 days

Agostoni A et al. J Allergy Clin Immunol 2004;114(3):S51-131.
Bork K et al. Am J Gastroenterol 2006;101:619-627.
Bowen T et al. Ann Allergy Astma Immunol 2008;100(Suppl 2):S3-40.

A rare but potentially life-threatening disease



Signs and Symptoms, prodromes

Erythema marginatum

An erythematous, non-pruritic rash that may precede 
an attack

Reported in up to 25% of patients

Bork K et al. Am J Gastroenterol 2006;101:619-627.



Signs and Symptoms

Frequency and location of affected organs

Types of HAE attacks in 201 patients

Bork K et al. Am J Med 2006;119:267-274.



Signs and Symptoms

Cutaneous edema is the most common 

and noticeable symptom of HAE

Patients experience a tightness of the 

skin or tingling

Patients may also report pain in joints

Cutaneous attacks

Agostoni A et al. J Allergy Clin Immunol 
2004;114(3):S51-131.

Bork K et al. Am J Med 2006;119:267-274.

Frequency and location of cutaneous attacks



Capsule endoscopy during 

an abdominal attack in a patient with HAE

Edematous bowelNormal bowel

http://www.hemophilia.ca/nrbdo/pdf/Congresso%20SSAI%20Grindelwald%202006/Cicardi%20Angioedema/Edema%20film.avi
http://www.hemophilia.ca/nrbdo/pdf/Congresso%20SSAI%20Grindelwald%202006/Cicardi%20Angioedema/pre-edema.avi


Signs and Symptoms

Abdominal attacks are 

associated with edema of the 

gastrointestinal wall

Symptoms may include colic-like 

pain, nausea, vomiting and 

diarrhea

The non-specific symptoms of 

abdominal attacks may result in 

misdiagnosis and unnecessary 

surgery

Agostoni A et al. J Allergy Clin Immunol 2004;114(3):S51-131.

Bork K et al. Am J Gastroenterol 2006;101:619-627.

Koruth JS et al. Gastrointest Endosc 2005; 61(7):907-911.

CT scan of the abdomen showing 

small bowel wall edema with 

narrowing of the lumen

Abdominal attacks



Signs and Symptoms

Laryngeal edema can be life-

threatening

More than 50% of HAE patients have 

experienced laryngeal angioedema

Laryngeal edema can develop rapidly 

into complete airway obstruction in less 

than 4 h

Patients with laryngeal edema may 

eventually require emergency 

intubation or a tracheotomy

Laryngeal attacks

Agostoni A et al. J Allergy Clin Immunol 2004;114(3):S51–131.
Bork K et al. Am J Med 2006;119:267-274.
Bas M et al. Allergy 2006;61(12):1490-492.



Clinical Feature: Course of Attack

Course of an average abdominal attack

Time course of abdominal pain during an attack
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Bork K et al. Am J Gastroenterol 2006;101:619-627.



Patterns of inheritance

Genetics of HAE

Donaldson VH, Evans RR. Am J Med 1963;35:37–44.
Heiner DC, Blitzer JR. Pediatrics 1957;20(5, Part1):782-793.

2
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Male

Female

Affected (attacks)

Not affected

Believed to have died 

during an HAE attack

HAE may be passed on to 50% of offspring

Female and male offspring are equally affected

Family counselling is important to educate patients about disease inheritance



Genetics of HAE

◼ HAE is inherited in an autosomal dominant manner

◼ The de novo mutation rate is approximately 25%

◼ More than 180 different C1-INH gene mutations have been reported to date

◼ Regardless of the type of mutation present, there is a high degree of variability in the 
frequency and severity of attacks

Agostoni A et al. J Allergy Clin Immunol 2004;114(3):S51-131.

HAEdb-C1 inhibitor gene mutation database: http://hae.enzim.hu/stat.php



Medicatie geassocieerd Angioedeem



Bradykinine wordt (door kallikreine) 

vrijgemaakt uit HMWK

Sainz IM, Pixley RA, Colman RW. 

Fifty years of research  on the plasma kallikrein-kinin system: From protein structure and function to cell biology and in-vivo pathophysiology. 

Thromb Haemost 2007: 98:77-83.



Bradykinine-1 en Bradykinine-2 receptor



Nussberger J, M Cugno and M Cicardi. Bradykinin mediated angioedema. NEJM 2002; 347:621.

Nussberger J, M Cugno, M Cicardi, A Agostini. Local bradykin generation in hereditary angioedema. J All Clin Immun

1999;104:1321-22. 

.

Locaal oedeem zonder systemische verspreiding

http://www.ncbi.nlm.nih.gov/sites/entrez?Db=pubmed&Cmd=Search&Term=%22Schroeter%20AL%22%5BAuthor%5D&itool=EntrezSystem2.PEntrez.Pubmed.Pubmed_ResultsPanel.Pubmed_RVAbstractPlusDrugs1


Brown et al.  Dipeptidyl Peptidase-IV Inhibitor Use Associated with Increased Risk of ACE-inhibitor-Associated Angioedema. Hypertension 2009; 54: 516-23.

Afbraak van bradykinine, door….

APP = AminoPeptidase P

DPPIV = Dipeptyl Peptidase IV

NEP = Neutrophilic Endo-Peptidase

ACE = Angiotensin Converting Enzyme (= kininase-II)

CPN = CarboxyPeptidase N



ACE-remmer geassocieerd AE*  

- vaker bij lage APP-activiteit



• Plasma APP is derived from GPI-anchored membrane bound APP 

• XPNPEP2 gene on chromosome Xq25-26.1  

• Screening of all exons plus 3-kb upstream of the initiator ATG-codon

• Identification of 25 SNPs

• Genetic factors contribute tot 47% of the variation in plasma APP activity

• Three of them associated with APP-activity: c.-2399C>A, c.-1612G>T, c.-393G>A

• Explain 10.8% of the transcriptional regulation of XPNEP2 and cellular expression

Duan et al. Am J Hum Genet 2005; 77: 617-26.

Woodard-Grice et al. Pharmacogenetics and Genomocs 2010; 20: 532-6.

La Corte et al. Human Mutation 2011 32(11): 1326-31.dmic. A. J. Cardiol 2012;109:774-777.

4)

Genetische aanleg en lage APP 



ACEi-AE vaker bij gebruik DPP-IV-remmer (Vidagliptine)



Minder afbraak van bradykinine: 

• Genetisch verlaagde APP-activiteit 

• Medicatie: 

- ACE-remmers

- DPPIV-remmers

Meer aanmaak van bradykinine:

• Verlaagde C1-inh activiteit

• genetisch (HAE-I, HAE-II)

• verworven (AAE)

• Verhoogde FXII activiteit (genetisch) (HAE-

III)

• Medicatie:

• rtPA*

Welke condities geven bradykinerg AE?

* Molinaro G., et al. Biochemical Basis of Angioedma Associated With Recombinant Tissue Plasminogen Activator Treatment. Stroke 2002;33:1712-6.



3. Non-histaminerg non-bradykinin 

Intolerance for

 ASA

 NSAID’s

 Prostaglandins

 leukotriens
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Biomarkers en behandeling

Angioedeem
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Biomarkers



Potential markers



Objectiveren! Parameters in de acute situatie

 Mestcel

 Bradykinine

 Cytokines?

 Tryptase (serum)

 Histamine metabolieten (urine)

Mediator(cel) Parameter





Veronderstelde productie D-dimeer bij AE-aanval

Hoffman Z, de Maat S, Hack CE, Maas C. Bradykinin: Inflammatory Product of Coagulation System. Clin Rev Allerg Immunol. 2016;51:152-61.



HAE, verhoogd D-dimeer tijdens aanval



Systeem Activatie Parameters Klinische betekenis

Complement Baseline én bij aanval C4, C2↓C4bc↑ Onbekend, rol C2a?

Stolling Bij aanval (?) F1+2, TAT↑ Onbekend

Fibrinolyse Bij aanval PAP, D-dimeer↑ Speelt ws rol

Contact Bij aanval FXII, PK, HMWK↓

BK en cleaved

HMWK↑

Oorzakelijke rol in AE-

genese

Lab-parameters bij (H)AE 
buiten en tijdens aanval



Herkennen kliniek HAE (en AAE)

- Uitlokkend moment (?):

- meestal niet gekend 

- klein trauma (tandheelkundige ingreep), infectie, emotionele stress, 

- geneesmiddelen (zwangerschap, OAC, ACE-remmers).

- Begint met tintelend gevoel 1-2 uur vóór oedeem

- Soms (30% ?) serpigineuze roodheid (erythema marginatum)

- Zwelling: niet pijnlijk, niet jeukend, in 12-36 uur

- Bij 25% aanval op meerdere plekken vaak achtereenvolgens

- Verdwijnt spontaan na 1-2 dagen



AE-aanval in buik: darmwand-oedeem

Vogetseder W, Tilg H. Abdominal pain Beyond IBS. Gastroenterology 2011;140:34,371.



Acuut 

Preventief

Behandeling
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Mediatoren en klinisch beeldAngioedeem

M. van Deuren



“Cytokine”

BradykinineHistamine

AE – schema met therapie

Capillairy leakage 

Zymogeen-afhankelijkMestcel-afhankelijk

MacroØ/T-cel(?)-afhankelijk

jeuk geen jeuk

urticae geen urticae

gegeneraliseerd

lokaal geen koorts

koorts

T-cel

of monocyt

afhankelijk

Cytokinerg

Kininerg

zymogeen

afhankelijk

Histaminerg

mestcel 

afhankelijk
Anti-histaminica

Corticosteoïden

Montelukast

Steroïden

Adrenaline

Corticosteroïden

Immuunsuppressiva

Biologicals
….

C1-inh concentraat

Icatibant

Tranexaminezuur

Danazol

(Ecallantide (…))







“Cytokine”

BradykinineHistamine
Capillairy leakage 

Zymogeen-afhankelijkMestcel-afhankelijk

MacroØ/T-cel(?)-afhankelijk

jeuk geen jeuk

urticae geen urticae

gegeneraliseerd

lokaal geen koorts

koorts

T-cel

of monocyt

afhankelijk

Cytokinerg

Kininerg

zymogeen

afhankelijk

Histaminerg

mestcel 

afhankelijk
Adrenaline

Anti-histaminica

(H1 en H2)

Montelukast

Steroïden Corticosteroïden

Immuunsuppressiva

Biologicals
….

C1-inh concentraat

Icatibant

Tranexaminezuur

Danazol

(Ecallantide)

Acute treatment in AE



“Cytokine”

BradykinineHistamine
Capillairy leakage 

Zymogeen-afhankelijkMestcel-afhankelijk

MacroØ/T-cel(?)-afhankelijk

jeuk geen jeuk

urticae geen urticae

gegeneraliseerd

lokaal geen koorts

koorts

T-cel

of monocyt

afhankelijk

Cytokinerg

Kininerg

zymogeen

afhankelijk

Histaminerg

mestcel 

afhankelijk
Adrenaline

Anti-histaminica

(H1 en H2)

Montelukast

Steroïden Corticosteroïden

Immuunsuppressiva

Biologicals
….

C1-inh concentraat

Icatibant

Tranexaminezuur

Danazol

(Ecallantide)

Acute treatment in AE



“Cytokine”

BradykinineHistamine
Capillairy leakage 

Zymogeen-afhankelijkMestcel-afhankelijk

MacroØ/T-cel(?)-afhankelijk

jeuk geen jeuk

urticae geen urticae

gegeneraliseerd

lokaal geen koorts

koorts

T-cel

of monocyt

afhankelijk

Cytokinerg

Kininerg

zymogeen

afhankelijk

Histaminerg

mestcel 

afhankelijk
Adrenaline

Anti-histaminica

(H1 en H2)

Montelukast

Steroïden Corticosteroïden

Immuunsuppressiva

Biologicals
….

C1-inh concentraat

Icatibant

Tranexaminezuur

Danazol

(Ecallantide)

Acute treatment in AE



The Netherlands Journal of Medicine 2012; Oct;70(8):386-7 The New England Journal of Medicine 2015; 

(Jan)372:418-25.

Icatibant effectief bij ACE-remmer geassocieerd 

AE



Icatibant bij ACE AE

Straka et al. 



- icatibant



- icatibant







- C1 inH



Behandeling ACE induced AE - FFP
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Preventive treatment in AE



Tranexaminezuur
-



Winteneberger G, I Boccon-Gibod, D Launay et al. 

Tranexaminic acis as maintenance treatment for non-histaminergic angioedema: analysis of efficacy and safety in 37 patients. Clin Exp Immunol 2014;178:112-7 

HAE, C1-inh def HAE, normaal C1-

inh

Idiopathisch non-histaminerg

AE

TA als profylacticum 

vooral (?) bij idiopathisch AE 







“Cytokine”

BradykinineHistamine
Capillairy leakage 

Zymogeen-afhankelijkMestcel-afhankelijk

MacroØ/T-cel(?)-afhankelijk

jeuk geen jeuk

urticae geen urticae

gegeneraliseerd

lokaal geen koorts

koorts

T-cel

of monocyt

afhankelijk

Cytokinerg

Kininerg

zymogeen

afhankelijk

Histaminerg

mestcel 

afhankelijk
Adrenaline

Anti-histaminica

(H1 en H2)

Montelukast

Steroïden Corticosteroïden

Immuunsuppressiva

Biologicals
….

C1-inh concentraat

Icatibant

Tranexaminezuur

Danazol

(Ecallantide)

Preventive treatment in HAE



Hereditary Angioedema

◼ Replacement with C1 INH : (FFP*) Cetor/Cinryze*, Berinert, Rhucin

◼ Stimulation of biosythesis : Danazol*

◼ Reduced consumption : (Tranexamic acid Cyklokapron *) 

◼ Inhibition of mediators : Ecallantide, Icatibant*

◼ *available in the Netherlands

Treatment options worldwide… 





Behandel opties HAE

 Maintenance treatment : Danazol, C1-esteraseremmer

 Hospital treatment of attacks: Tranexamic acid, C1- INH, 

Icatibant

 “Self treatment” of attacks:, C1-INH

Treatment types in the Netherlands: 
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Preventive treatment Danazol (in HAE)



C1-inh deficientie, Danazol en APP-activiteit↑



Differentiaaldiagnose







Contact dermatitis: PPD - paraphenyldiamine

 haarverven

 tijdelijke henna tatoeages

 halffabrikaat bij de productie van 

azo-verf, bontverf, lederverf

 in sinasappelschil

 in sommige fotokopieer systemen

 in druk-kleurstoffen





Dermatomyositis

 Proximale spierzwakte

 Heliotrope rash

 Gottron’s sign

 Vermoeidheid, gewichtsverlies, 

koorts





Melkerson Rosenthal syndroom

 Cheilitis granulomatosa

 Orofaciaal oedeem

 (voorheen) n. facialis paralyse

 Fissuur tong (Lingua plicata)



Image Challenge

1. Angioedema

2. Contact dermatitis

3. Follicular lymphoma

4. Hypothyroidism

5. Sjögren's syndrome

Q:

5. Sjögren's syndrome

Xerostomia and xerophthalmia are typical presenting features of Sjögren's syndrome.

Patients with Sjögren's syndrome can also present with enlarged salivary and 

lacrimal glands. The patient improved following treatment with glucocorticoids. 

This patient presented with xerostomia and xerophthalmia. 





Onderliggend maagcarcinoom

 Na resectie zijn klachten over. 







http://www.searchherbalremedy.com/top-natural-cures-for-angioedema/









3. Non-histaminerg non-bradykinin 

Intolerance for

 ASA

 NSAID’s

 Prostaglandins

 leukotriens



4. Non-histaminerg non-bradykinin

 Cytokine?















Diagnosis

 No (?) available diagnostic tests 

 to distinguish histaminerg from bradykinergic angioedema

 Nor to establish activation in eg C1INH def patients

 Search for biomarker

 Histaminerg: tryptase, MH, MIMA

 Prostaglandin: PGD2

 Bradykin: ? D-dimer(?)



Csuka et al Orphanet J of Rare diseases 2015



Mediatoren en klinisch beeld

Maas C 2015



Diagnosis based on clinical data



Bradykinine vs Histamine

Erythema marginatum vs Urticaria





Lab evaluatie angio-oedeem

C1-INH C1-INH
Activiteit

C3 C4 C1q

HAE type I laag laag nl laag nl

HAE type II nl of hoog laag nl laag nl

HAE type III nl nl nl nl nl

AAE type I laag laag nl laag laag

AAE type II nl of laag laag nl laag laag

Allergisch AE nl nl nl nl nl

Idiopathisch nl nl nl nl nl

HAE = Hereditair angio-oedeem
AAE = Verworven angio-oedeem
AE = angio-oedeem
C1-INH = C1-esteraseremmer



Evaluatie angio-oedeem

bij verdenking HAE/AAE
Stap 1.

Stap 2.

Stap 3.  

C4

C1-esteraseremmer

C1-esteraseremmer 

activiteit
C1q

Type II HAE idiopathisch Type I HAE AAE type I/II

Idiopathisch of type III 

HAEnormaal

abnormaal

laagnormaal

normaallaag laagnormaal

HAE = Hereditair angio-oedeem
AAE = Verworven angio-oedeem



Behandel mogelijkheden





Mediatoren en klinisch beeldBiomarkers

 Histamine metabolieten (MH en MIMA)

 Tryptase 

 D-dimeer



Implicaties voor chronische behandeling

 Histamine receptor blokkers

 H1

 H2

 Leukotrienen antagonisten

 Corticosteroiden

 tranexaminezuur

Histaminerg Bradykinine



 Search for biomarker

 Better and more specified treatment options

Future



Hereditary Angioedema

 Replacement with C1 INH : (FFP*) Cetor*/Cynryze, Berinert, Rhucin

 Stimulation of biosythesis : Danazol*

 Reduced consumption : (Tranexamic acid Cyklokapron *) 

 Inhibition of mediators : Ecallantide, Icatibant*
 *available in the Netherlands

Treatment options worldwide… 





C1-inh remt (ook) FXII/kallikreine activiteit

Coagulation systeem

Factor XIIa

F XI F XIa

Factor XII

Substance P

BK2R
NK1R

C4b

C4a

Complement systeem

C1q(rs)*2

C4 C2

C2b

C2a

C1q(rs)2

Klassieke route

Kinin system

HMWK

Kallikreine

Prekallikrein

Bradykinine

Plasmine

Fibrinolytisch systeem

Plasminogeen



C1-inh remt (ook) FXII/kallikreine activiteit

Coagulation systeem

Factor XIIa

F XI F XIa

Factor XII

Substance P

BK2R
NK1R

C4b

C4a

Complement systeem

C1q(rs)*2

C4 C2

C2b

C2a

C1q(rs)2

Klassieke route

Kinin system

HMWK

Kallikreine

Prekallikrein

Bradykinine

Plasmine

Fibrinolytisch systeem

Plasminogeen











E volgende 2 dias
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