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Anotacija

Hereditara angioedéema (HAE) ir reta, dzivibu apdraudosa, autosomali dominanti
parmantojama slimiba, kuras diagnostika un arstéSana joprojam ir izaicinajums gan kliniskaja
praks€, gan zinatniskaja p€tnieciba. Neskatoties uz arvien pieejamakiem molekulariem
diagnostikas rikiem un specifisku terapiju, HAE biezi tiek novéloti atpazita vai sajaukta ar citam
angioedémas formam. Nemot véra slimibas mainigo klinisko izpausmju spektru, genétisko
heterogenitati un nepiecieSamibu pec personaliz€tas pieejas pacientu vadiba, HAE izpéte ir
aktuala gan Latvijas méroga, gan starptautiska konteksta. Promocijas darbs “Hereditara
angioedéma: kliniska un genétiska izpéte” ir veltits §Ts slimibas visaptverosSai raksturoSanai
Latvijas pacientu populacija.

HAE patogengze bitiska loma ir C1 esterazes inhibitora (C1-INH) kvantitativam un/vai
kvalitativam deficitam, ko ietekm@ patogéni varianti SERPING1, F12, PLG, ANGPTI, KNG,
MYOF vai HS3ST6 génos. Kliniski ta izpauzas ar recidiv§joSu adas, gremoSanas trakta un
elpcelu tisku. Petijuma meérkis bija raksturot HAE kliniskas iezimes, identificét patogénus
variantus, ka arf izzinat iesp&jamos biomarkierus slimibas diagnostikai.

Petijuma tika ieklauti visi Latvija diagnosticetie HAE pacienti, ka ar1 idiopatiskas
angioedémas pacienti un veseli individi kontroles grupas. Veikta plasa kliniska un
epidemiologiska izpéte, analiz&jot datus, kas iegiiti no HAE pacientu mediciniskajam kartém,
strukturétas intervijas veida un no pacientu aizpilditas anketas. Veikta standarta genétiska
analize, izmantojot Sangera sekvencéSanu SERPINGI génam pacientiem ar HAE I/II tipu un
F12, PLG, ANGPTI génu regioniem pacientiem ar aizdomam par HAE ar normalu Cl
inhibitora Iimeni un funkciju (nC1-INH HAE). Veikta padzilinata genétiska analize, izmantojot
genoma sekvencésanu (GS) retu nekod€josu un strukturalu variantu identificésanai HAE I/I1
tipa pacientiem, kuriem ar standarta genétisko izmekl&Sanu netika atklats patogéns variants, un
izmantojot eksoma sekvencéSanu (ES) génu panela analizei pacientiem ar aizdomam par
nCI1-INH HAE. Pétamas un kontroles grupu dalibniekiem veikta metabolitu panela analize
asinis, izmantojot Skidruma hromatografijas-masas spektrometrijas (LC-MS) tehnologiju, ar
mérki identificét potenciali jaunus laboratoriskos biomarkierus HAE diagnostikai.

Pétijuma secinats, ka HAE prevalence Latvija ir zemaka, neka noradits literatiira un
salidzinajuma ar citu valstu petijumiem. Tapat secinats, ka HAE pacientu kliniska daudzveidiba
Latvija, tostarp tusku lokalizacija, prodromalie simptomi, provocgjosie faktori u. c., butiski
neatSkiras no literatira aprakstitajiem datiem, bet laiks kop§ pirmajiem simptomiem Ilidz
diagnozes precizéSanai Latvija salidzinajuma ar citu valstu datiem norada uz biitiski novélotu

HAE diagnozes noteikSanu.



Ar standarta genétisko izmeklé$anu, izmantojot Sangera sekvencéSsanu HAE I/II tipa
pacientiem tika identificéti izraiso$ie genétiskie varianti SERPING1 géna, bet pacientu grupa
ar nC1-INH HAE genétiski diagnoze tika apstiprinata vienam pacientam, identificgjot patogéno
variantu PLG géna. PaplaSinata genétiska izmeklé$ana, izmantojot GS un ES HAE pacientu
grupa, papildu rezultatus nesniedza. Ar GS neizdevas atklat retus un nekod€josSus strukturalus
variantus. Tom@r negativie genétisko izmekl&jumu rezultati mudingja parskatit diagnozes,
identificgjot alternativus klinisko simptomu iemeslus. GS var ne tikai palidzet identificet
pacientus, kuriem ir nezinami genétiski varianti, laujot uzsakt savlaicigu un precizu terapiju,
bet, ka pierada pétijuma rezultati, tai ir butiska nozime arT angioedémas iemesla precizéSanai,
diagnozes parskatisanai, ja plasas genétiskas izmekleSanas rezultata patogeéni varianti netiek
identificéti.

Metaboloma pétifjuma rezultati lava identificét vairakus biitiskus metabolitus, tostarp
izovalerilkarnitinu, hidroksiprolinu un cistinu ka potencialus biomarkierus HAE diagnostika.
Turklat vairaku metabolitu kombinacijas, piem&ram, hidroksiprolina un cistina attieciba pret
kreatintnu un izovalerilkarnitinu (OH-Pro x Cys)/(Cr x IVC), varétu but ka papildu
diagnostikas kritérijs HAE noteikSanai.

Promocijas darbs apkopo klinisko izpausmju daudzveidibu HAE pacientiem Latvija,
sniedz biutisku ieguldijumu HAE genétisko iemeslu izpratn€, uzsver genétiskas izmeklesanas
nozimi pacientiem ar biokimiski un/vai kliniski apstiprinatu HAE, veicina agrinas un precizas
diagnostikas iesp&ju paplasSinaSanu, ka ar1 personaliz€tas terapijas attistibu, vienlaikus
piedavajot praktiskus ieteikumus turpmakas p&tniecibas virzieniem un HAE pacientu apriipes
pilnveidei Latvija.

Atsleégvardi: hereditara angioedéma, Cl-inhibitora deficits, SERPINGI gens,

metaboloms, biomarkieri.



Abstract

Hereditary Angioedema:
Clinical and Genetic Research

Hereditary angioedema (HAE) is a rare, potentially life-threatening, autosomal
dominant disorder, the diagnosis and management of which continue to pose significant
challenges in both clinical practice and research. Despite increasing availability of molecular
diagnostic tools and targeted therapies, HAE is often diagnosed with delay or misclassified as
other types of angioedema. Due to the wide spectrum of clinical manifestations, underlying
genetic heterogeneity, and the need for a personalized management approach, research into
HAE remains of high relevance both in Latvia and internationally. The dissertation “Hereditary
angioedema: clinical and genetic research” is dedicated to the comprehensive characterization
of this disease within the Latvian patient population.

The pathogenesis of HAE primarily results from a quantitative and/or functional
deficiency of C1 esterase inhibitor (C1-INH), caused by pathogenic variants in genes such as
SERPINGI, Fi12, PLG, ANGPTI, KNG1, MYOF, or HS3ST6. Clinically, it presents with
recurrent angioedema of the skin, gastrointestinal tract, and airways. The primary aims of
the study were to characterize the clinical features of HAE, identify disease-causing genetic
variants, and explore potential biomarkers for improved diagnostics.

The study included all diagnosed HAE patients in Latvia, as well as individuals with
idiopathic angioedema and healthy controls. A comprehensive clinical and epidemiological
evaluation was performed, based on data extracted from medical records, structured interviews,
and patient-reported questionnaires. Standard genetic analysis was performed using Sanger
sequencing of the SERPINGI gene in patients with HAE type I/Il and of the F12, PLG,
ANGPTI gene regions in patients with suspected HAE with normal C1 inhibitor levels and
function (nC1-INH HAE). Advanced genetic analysis was conducted using genome sequencing
(GS) to identify rare non-coding and structural variants in HAE type I/II patients in whom no
pathogenic variant was detected by standard genetic testing, and using exome sequencing (ES)
for gene panel analysis in patients with suspected nC1-INH HAE. In both patient and control
groups, metabolomic profiling of blood samples was performed using liquid
chromatography-mass spectrometry (LC-MS) to identify novel biomarkers for HAE diagnosis.

The study revealed that the prevalence of HAE in Latvia is lower than reported in
the literature and in other countries. The clinical presentation of Latvian patients, including
edema localization, prodromal symptoms, and trigger factors, was largely consistent with
previously published data. However, a significant diagnostic delay from symptom onset to

confirmation was observed, highlighting underrecognition of the disease in clinical settings.



Standard genetic testing using Sanger sequencing identified causative SERPINGI
variants in HAE types I and II patients, whereas in the nCI-INH HAE cohort genetic
confirmation was achieved in one individual through detection of a pathogenic PLG variant.

Advanced genetic analysis, comprising GS and ES, yielded no additional pathogenic
findings. GS was unable to detect any rare noncoding or structural variants. These negative
findings nonetheless prompted a systematic reevaluation of clinical diagnoses, thereby
uncovering alternative causes of clinical symptoms. Furthermore, beyond its capacity to
identify novel genetic aberrations and to guide timely, precision-based therapies, GS —
as demonstrated by our study — serves an essential role in elucidating the pathogenesis of
angioedema and refining diagnostic determinations when extensive genetic screening fails to
reveal pathogenic variants.

Metabolomic analysis led to the identification of several potential biomarkers for HAE,
including isovalerylcarnitine, hydroxyproline and cystine, which may serve as novel indicators
for disease detection. Moreover, combinations of multiple metabolites — such as the ratio of
hydroxyproline and cystine to creatinine and isovalerylcarnitine (OH-Pro % Cys)/(Cr x IVC) —
may constitute an ancillary diagnostic biomarker for HAE.

In conclusion, this dissertation offers a comprehensive overview of the clinical
variability of HAE in Latvia, contributes to the understanding of its genetic basis, and
highlights the diagnostic value of extended genetic and metabolomic investigations. It supports
the advancement of early, accurate diagnosis and the development of personalized therapeutic
strategies, while also offering practical recommendations for future research directions and
improved patient care in hereditary angioedema.

Keywords: hereditary angioedema, Cl-inhibitor deficiency, SERPINGI gene,

metabolome, biomarkers.
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Ievads

Hereditara angioedéma (HAE) ir reta, dzivibai bistama, autosomali dominanti
parmantota slimiba, kas kliniski izpauzas ar adas, gremoSanas trakta un elpcelu tiisku (Uminski
et al., 2025). Tas izplatiba vidgji ir aptuveni 1 gadijums uz 50 000 iedzivotaju, atseviskos
regionos varigjot no 1 uz 10 000 Iidz 1 uz 100 000 iedzivotaju (Maurer et al., 2022; Uminski
et al., 2025). Latvija HAE diagnoze biokimiski un genétiski apstiprinata 12 pacientiem, tacu,
nemot vera slimibas atpaziSanas un precizas diagnozes noteikSanas izaicinajumus, kopgjais
pacientu skaits potenciali ir lielaks.

Lai gan pirmo reizi HAE tika aprakstita jau 1888. gada, slimibas patogenéze joprojam
nav pilniba skaidra. Tapat nav skaidri iemesli klinisko izpausmju, prognozes un terapijas
efektivitates dazadibai HAE pacientu vidi (H. Longhurst & Cicardi, 2012). Galvena loma HAE
attistiba ir C1 esterazes inhibitora (C1-INH) Iimenim un ta aktivitatei. Hereditarai angioedémai
1z8kir tr1s tipus: I — HAE ar samazinatu C1-INH Iimeni un funkcionalo aktivitati, Il — HAE ar
normalu vai palielinatu CI-INH Iimeni, bet samazinatu ta funkciju un nCI1-INH HAE ar
normalu C1-INH Iimeni un normalu ta funkciju (Zafra, 2022).

Ar C1-INH saistitas HAE (I un II tipu) izraisa patogéni varianti SERPINGI géna, kas
kode C1 esterazes inhibitoru. Patogénu variantu rezultata attistas C1 inhibitora kvantitativais
un/vai kvalitativais deficits, 11dz ar to palielinas bradikinina sintéze, kas nosaka masivas lokalas
tuskas attistibu (Sinnathamby et al., 2023). Lai gan patogéni varianti SERPINGI ir vienigais
zinamais iemesls I un II HAE tipu attistiba, ir dala (~ 15 %) simptomatisku HAE pacientu ar
samazinatu C1-INH Iimeni un/vai aktivitati, kuriem pat péc rapigas genétiskas izmekléSanas
(ieskaitot visa SERPINGI géna kodgjoSo un nekodgjoso dalu sekvenceéSanu un kopiju skaita
izmainu analizi) patogé€nus variantus neizdodas atrast (Jacobs & Neeno, 2021). Nemot véra
specifisku ar CI-INH saistitu fenotipu, més uzskatam, ka intrag€niski un ekstrageniski
nekodgjosi punktveida un strukturali varianti SERPINGI géna, kurus nav iesp&jams atklat ar
standarta diagnostiskam metodém (Sangera sekvencéSanu, MLPA), ir I un II tipa HAE iemesls
pacientiem ar negativu genétisku atradi.

Savukart ar C1-INH nesaistitas HAE jeb nC1-INH HAE etiologija un patogenéze ir
komplicetaka un ir saistita ar funkcijas guvuma patog€niem variantiem génos, kas iesaistiti
kintnu (iesk. bradikinina) sistéma (F'/2, PLG, ANGPTI, KNGI, MYOF, HS3ST6) (Obtulowicz
et al., 2021). Sobrid ar CI-INH nesaistitas HAE diagnozi ir iesp&jams pieradit tikai ar
genétiskam analiz€ém. Diemzgl kliniskaja praksé nav pieejami biomarkieri, kas palidz&tu
identificét nC1-INH HAE. Tas apgriitina ne tikai HAE, 1pasi nC1-INH HAE tipa, diagnostiku,

bet arT tas diferenc€Sanu no citiem angioedému veidiem (Muna et al., 2024).
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Tapat 1idz $im izmantotie raditaji HAE I un II tipa diagnostic€Sanai — C1 esterazes
inhibitora limena un ta aktivitates noteikSanai — jaievéro precizi parauga panemsanas,
uzglabasanas, transportéSanas un analizéSanas noteikumi. Neprecizitates rada viltus pozitivus
vai negativus rezultatus, tad€jadi apgrutinot diagnozes savlaicigu noteikSanu. Turklat diagnozes
apstiprinaSanai analize javeic vismaz divas reizes. Minéto raditaju noteikSana v€lama péc
iesp€jas svaiga asins parauga vai saldéta un transportéta pec ipasi preciziem noradijumiem,
paredzétiem imunologisku raditaju analizéSanai (Magerl et al., 2025; Muna et al., 2024,
Radojicic & Anderson, 2024). Latvija C1 esterazes inhibitora noteikSana svaiga asins parauga
iesp&jama tikai Paula Stradina Kliniskas universitates slimnicas Apvienotaja laboratorija,
tadgjadi pacientiem no regiona apgriitinot precizu analizes veiksanu.

Ir bitiski identificét jaunus biomarkierus, kas biitu viegli pieejami rutina kliniskaja
praks€, neatkarigi no laboratorijas atrasanas vietas, tad€jadi uzlabojot HAE diagnostiku.

Pacientiem ar HAE ir japrecizé slimibas genétiska etiologija, jo tam ir licla nozime ne
tikai slimibas iemeslu, patogen€zes un jaunas efektivas terapijas atklasanai, bet arT pacientu
kliniskaja apriipé — diagnozes apstiprinasanai, prognozes noteikSanai, gimenes planosanai,
slimibas uzliesmojumu novérSanai un individuali piem&rotas terapijas izv€lei un optimizesanai
(Bocquet et al., 2025; Lyons et al., 2023). Pieejamie medikamenti HAE arstéSanai ir dargi, tie
ir atskirigi, iedarbojoties uz dazadiem posmiem slimibas patogenézé (Dias de Castro et al.,
2024; Ren et al., 2023). Tapéc svarigi identificét biomarkierus, kas palidz&tu atbildét uz
jautdjumu par atSkirigam slimibas smaguma pakapém un/vai dazadu medikamentu veidu
efektivitati. Tas lautu precizak noteikt gan slimibas turpmakas gaitas prognozi, gan

nepieciesamo medikamentu veidu slimibas arsteéSana.

Darba merkis
Noteikt hereditaras angioedémas genétisko etiologiju un izpétit iesp&jamos

biomarkierus slimibas diagnostikai.

Darba uzdevumi

Promocijas darba mérka sasniegSanai izvirziti §adi uzdevumi:

1. Apzinat visus Latvija zinamos pacientus ar kliniski un biokimiski apstiprinatu HAE
diagnozi, aprékinat HAE prevalenci Latvija.

2. Analizeét Latvijas HAE pacientu kliniskos datus.

3. Veikt HAE genétisko analizi, izmantojot Sangera sekvencésanu SERPING1 génam
pacientiem ar HAE U/II tipu un F12, PLG, ANGPTI génu regioniem pacientiem ar
aizdomam par nC1-INH HAE.
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4. Veikt padzilinatu genétisko analizi, izmantojot genoma sekvencésanu HAE I/II tipa
pacientiem, kuriem netika atklats patogéns variants ar standarta genétisko
izmeklésanu, lai atklatu retus nekod&joSos un strukturalos variantus, un génu panela
analizi, izmantojot eksoma analizi, pacientiem ar aizdomam par nC1-INH HAE.

5. Veikt metabolitu panela noteikSanu asinis pétamas un kontroles grupas dalibniekiem,

lai noteiktu potenciali jaunus laboratorus biomarkierus HAE diagnostikai.

Darba hipotézes
1. HAE pacientiem, kuriem ar standarta genétisko izmekléSanu neatrod izraiso$o
patogénu variantu, slimibas iemesls ir nekod&josi un strukturali varianti, kurus
iesp&jams atklat ar genoma sekvenceésanu.
2. Metabolitu profils HAE pacientu asins seruma atSkiras no veseliem individiem un
pacientiem ar citu veidu angioedémam, un $So metabolitu izmainas var tikt izmantotas

ka potenciali HAE diagnostiskie biomarkieri.

Darba novitate

Pirmo reizi veikta plasa metabolitu panela noteikSana asinis HAE pacientiem un
kontroles grupu dalibniekiem, lai noteiktu potencialus biomarkierus HAE diagnostikai.

Pirmo reizi Latvija veikts pétijums, apkopojot informaciju par HAE prevalenci, tas
klinisko izpausmju daudzveidibu un genétiskiem iemesliem, identific€jot pasaulé Iidz Sim
neaprakstitus genétiskos variantus SERPING géna.

HAE pacientu dzives kvalitates, slimibas aktivitates un kontroles izvertéSanai Latvija
pirmo reizi validétas standartizétas anketas, kuras izmantojamas specialistu ikdienas praks€ ne

tikai HAE, bet arT citas genézes angioedému izveérteésana.

Personigais ieguldijums

Darba autore ir veikusi kliniska un zinatniska darba planoSanu, organizé$anu, pétamas
un kontroles grupu rekrutéSanu un fenotip&Sanu, ievakusi un apkopojusi pétijuma dalibnieku
datus. Piedalijusies asins paraugu nemsana, sagatavoSana to uzglabaSanai — HAE pacientu
biobankas izveidg, piedalijusies genétisko datu interpretacija, piedalijusies metaboloma analizg.
Apkopojusi, apstradajusi un analiz€jusi ieglitos datus. AtbilstoSi validacijas protokolam
valid&jusi latvieSu valoda angioedémas aktivitates, angioedémas kontroles un angioedémas
pacientu dzives kvalitates izvert€Sanas anketas, kuras ieviestas specialistu ikdienas kliniskaja
praksé, veikusi pacientu anketéSanu, rezultatu apkopoSanu un izvertéSanu. Piedalijusies majas
lapas www.angioedema.lv izveide, vieteja un starptautiska meéroga konferenc€s un asociaciju

sédeés potencialu jaunu HAE apzinaSana un sabiedribas, tai skaita specialistu, inform&Sana par
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HAE. Piedalijusies divas pacientu dienas, lai pacientus un vinu radiniekus informé&tu par
slimibas butibu, diagnostikas un terapijas iesp&jam. ApmekI€jusi vairakus starptautiska méroga
izglitojoSus pasakumus, tostarp vasaras skolas, konferences, vérstas uz HAE patogenézi,
diagnostiku, arsteéSanu, lai ne tikai veicinatu personigo izpratni par slimibas gaitu un uzlabotu
personaliz&tu terapiju katram pacientam, bet ar1 lai informeétu medicinas specialistus, uzstajoties
ar stenda referatiem un mutiskiem zinojumiem par pétijuma iegtitajiem datiem. Sagatavojusi

zinatniskas publikacijas un veikusi promocijas darba izstradi.

Etiskie aspekti

Petijums veikts atbilstosi Helsinku deklaracijas €tiskajiem aspektiem. legiita Centralas
medicinas &tikas komitejas atlauja veikt petjumu: lémums Nr. 01-29.1/2878, parakstiSanas
datums 03.06.2020. Visi petijjuma ieklautie pacienti un veselie individi parakstijusi informetas

piekriSanas veidlapu dalibai petijuma.

Sadarbibas partneri

Pacientu laboratoriska izmekléSana veikta Paula Stradina Kliniskas universitates
slimnicas Apvienotaja laboratorija. Standarta genétiska izmekléSana (Sangera sekvencéSana,
MLPA) un iegiito genétisko datu interpretacija veikta Rigas Stradina universitates Molekularas
genétikas zinatniskaja laboratorija. Genoma un eksoma sekvencésana ka arpakalpojums veikta
CeGaT Mediciniskaja laboratorija Vacija, iegiito genétisko datu interpretacija veikta Rigas
Stradina universitates Molekularas genétikas zinatniskaja laboratorija. Metaboloma noteikSana

veikta sadarbiba ar Rigas Tehniskas universitates Biomaterialu un bioinZenierijas institiitu.
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1. Literaturas apskats

1.1. Angioedémas un hereditaras angioedémas definicijas

Angioedéma (AE) (Kvinkes tiiska, milzu natrene, angioneirotiska tiiska) ir zemadas vai
zemglotadas miksto audu pietuikums, kas rodas palielinatas asinsvadu caurlaidibas dél,
Skidrumam uzkrajoties intersticialaja telpa (Wilkerson & Moellman, 2022).

Hereditara jeb iedzimta angioedéma ir reta autosomali dominanti parmantojama
genétiska slimiba (ORPHA kods: 91378), kas parsvara rodas C1 esterazes inhibitora deficita
un/vai disfunkcijas dé] (Maurer et al., 2022; Zuraw et al., 2025).

1.2.  Vesture

Angioedému 1882. gada pirmais aprakstija vacu internists un kirurgs Heinrihs Kvinke,
kuram par godu angioedému nereti déevé par Kvinkes tiisku. 1888. gada Viljams Oslers
publicgja HAE dzimtas koku, kurad personam piecas sekojosas paaudzes konstateti klasiski
HAE simptomi. Plasak HAE jédzienu un C1 esterazes inhibitora nozimi sis slimibas patogengze
1963. gada aprakstija Donaldsons un Evans. Kops ta laika aprakstitas vairakas HAE formas,
bet slimibas patogenéze joprojam nav pilniba skaidra (Kyrle & Eichinger, 2024; Wilkerson &
Moellman, 2022; Zafra, 2022).

1.3. Kilasifikacija

Angioedémai ir dazadi patogenézes jeb attistibas mehanismi, un ta tiek klasificéta péc
izcelsmes veida, iedalot angioedému trijos endotipos — tuklo Stnu medi€ta angioedéma
(AE-MC), bradikinina mediéta angioedéma (AE-BK), asinsvadu endot€lija disfunkcijas
mediéta angioedéma (AE-VE) — un divos subtipos: medikamentu inducéta angioedéma
(AE-DI) un angioedéma bez zinama iemesla (AE-UNK) (Reshef et al., 2024).

Hereditara angioedéma pieder bradikinina medi€tai angioedémai. Bradikinins ir kininu
grupas peptids, kas darbojas ka spécigs vazodilatators. Bradikinina medi€tu angioedému
gadijuma raksturiga pastiprinata bradikinina izdaliSanas vai aizkavéta ta degradacija, kas izraisa
asinsvadu paplaSinaSanos un palielina to caurlaidibu, veicinot Skidruma nonakSanu no
asinsvadiem intersticialaja telpa, radot audu tiisku. ST tipa angioedéma nav saistita ar tuklo §Ginu
degranulaciju un histaminu, kas lielu nozimi rada tieSi $is angioedémas veida arstéSana
(Sinnathamby et al., 2023).

Atkariba no Cl1 esterazes inhibitora Iimena un ta funkcionalas aktivitates asinis HAE
1z8kir tris tipus:

e [ tips. HAE ar samazinatu C1 esterazes inhibitora limeni un ta funkciju (85 %

C1-INH atkarigas hereditaras angioedémas gadijumu);
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e Il tips. HAE ar normalu vai palielinatu C1 inhibitora Itmeni, bet vairums cirkul&joso
C1 inhibitoru ir funkcionali neaktivi (15 % gadijumu);

e nCI1-INH HAE jeb HAE ar normalu CI1 inhibitora limeni un normalu ta funkciju
(Proper et al., 2020; Sinnathamby et al., 2023).

1.4. Epidemiologija

Hereditaras angioedémas izplatiba vidgji ir aptuveni 1 gadijums uz 50 000 iedzivotaju,
atseviskos regionos varig€jot no 1 uz 10 000 lidz 1 uz 100 000 iedzivotaju (Lumry & Settipane,
2020). Nemot veéra slimibas vid€jo izplatibu pasauleé un Latvijas populacijas lielumu
(1 862 700), Latvija ar HAE diagnozi sagaidami aptuveni 37 pacienti.

Rases 1patnibas nav zinamas, slimiba var skart jebkuras rases un etniskas grupas
parstavjus. Sievietes ar HAE slimo tikpat biezi, cik viriesi, bet sievietém slimiba biezi noris
smagak, ar ilgaku atvese]oSanas periodu (Lumry & Settipane, 2020).

Pacientiem ar HAE I tipu C1 inhibitora deficits ir jau kop$ dzimSanas, slimibas
simptomi visbiezak sak izpausties pirmaja vai otraja dzives dekade. Aptuveni 40 % HAE
pacientu pirmo reizi angioedémas epizodi piedzivo lidz 5 gadu vecumam un 75 % — lidz
15 gadu vecumam (Lumry & Settipane, 2020). Agra bérniba pacientiem tiiska var bt tik
neizteikta, ka to var nepamanit vai nesaistit ar angioedémas diagnozi, bet tuvak pusaudza
gadiem tiiskas intensitate klast lielaka. Tapat HAE abdominalas ttiskas uzliesmojumi maza
vecuma var imitét zidainu kolikas. HAE ir ilgstoSa slimiba, lai gan ir aprakstiti gadijumi, kuros

lidz ar vecumu slimibas simptomi samazinas (Azmy et al., 2020).

1.5. Etiologija un patogenéze

HAE ir autosomali dominanti parmantota slimiba, kuras pamata galvenokart ir C1
esterazes inhibitora (C1-INH) kvantitativais un/vai kvalitativais deficits (Sinnathamby et al.,
2023). C1-INH ir serinu proteazu inhibitors, glikoproteins, kas cirkulé asins plazma normala
koncentracija 0,18-0,39 mg/ml. CI-INH galvenokart tiek sintez&ts hepatocitos, ka ari
monocitos, endotélija §tnas un megakariocitos. C1-INH efektivi regulé vairakas fiziologiskas
sist€mas, kas ir tiesi saistitas ar HAE attistibu (Bellanti & Settipane, 2021). C1-INH darbojas
ka galvenais komplementa sist€mas, kallikreina-kinina un fibrinolizes sist€émas regulators,
veicot neaizvietojamu lomu $o sist€ému aktivitates ierobezoSana. Komplementa sistéma tas
inaktivé Clr un Cls komponentus, tadgjadi kontrol&jot klasiska komplementa cela aktivaciju.
Kallikretna-kinina sisttma CI1-INH inhibé XII koagulacijas faktoru (FXIIa) un plazmas
kallikreinu, butiski ietekméjot bradikinina veidoSanos — galveno mediatoru, kas atbildigs par
HAE raksturigajiem simptomiem. HAE konteksta C1-INH deficits vai funkcionala disfunkcija

izraisa fiziologiska lidzsvara trauc€jumus (Sinnathamby et al., 2023; Zafra, 2022).
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Lielaka dala gadijumu (HAE I un II tipi) saistiti ar patogéniem variantiem SERPINGI
geéna, kas kodé C1 inhibitoru (Lumry & Settipane, 2020).

Petijumi liecina, ka 20-25 % gadijumu attistas de novo mutaciju rezultata, kameér
pargjos gadijumos slimiba tiek parmantota (Batlle-Maso et al., 2025). Lielaka dala pacientu ir
heterozigoti. HAE I tipa gadijuma novéro loti daudzveidigus patogénos variantus, kas izraisa
olbaltumvielas sintézes trauc€jumus, nestabilu mRNS vai paatrinatu proteina degradaciju, ka
rezultata C1-INH limenis plazma parasti ir zemaks par 30 % no normas (Obtulowicz et al.,
2021; Ren et al., 2023). HAE II tipam raksturigi specifiski punktveida varianti, kas galvenokart
ietekmé proteina reaktiva centra konformaciju, pieméram, ietekméjot 444. aminoskabi argininu
(NM_000062.3), saglabajot normalu vai pat paaugstinatu C1-INH koncentraciju, bet
ievérojami samazinot ta funkcionalo aktivitati. Abos gadijumos galvenais patogenétiskais
mehanisms ir kallikretna-kinina sist€mas pastiprinata aktivacija, kas izraisa parmérigu
bradikinina produkciju. Bradikinins, mijiedarbojoties ar B2 receptoriem uz endot€lija Stinam,
izraisa vazodilataciju un paaugstinatu vaskularo permeabilitati, veicinot Skidruma
ekstravazaciju no asinsvadiem apkartgjos audos un radot lokalu tusku (Griv€eva-Panovska
et al., 2018; Hashimura et al., 2021).

Lai gan nC1-INH HAE gadijuma slimibas izpausmes ir lidzigas I/Il HAE tipam, tas
patogenéze nav saistita ar C1-INH kvantitativu vai kvalitativu deficitu. NC1-INH HAE saistita
ar citu génu variantiem (FXII, PLG, ANGPTI, KNGI1, MYOF, HS3576), kas ietekmé& dazadus
kontakta sist€émas komponentus (prekallikreinu, kallikreinu, augstas molekulmasas kininogénu,
faktoru XII) vai endot€lija funkcijas, pastiprinot bradikinina sint€zi vai darbibu. Tam seko
palielinata asinsvadu caurlaidiba, kas rada Skidruma izsvidumu intersticialaja telpa, izraisot
tisku. Aizvien notiek jaunu génu atklaSana, kuriem ir nozime nCI1-INH HAE attistiba

(Bork, Machnig, et al., 2020; Dias de Castro et al., 2024).

1.6. Patogeni varianti SERPINGI1 géna

Vairak neka 80 % HAE gadijumu saistiti ar SERPINGI géna (NM 000062.3)
patogéniem variantiem, kas izraisa C1-INH kvantitativo (HAE 1) vai kvalitativo (HAE II)
deficitu. Sis géns atrodas 11. hromosoma (11q12-q13.1) un sastav no astoniem eksoniem, kas
kodeé 500 aminoskabju garu olbaltumvielu. Lidz §im identificéti vairak neka 700 dazadu
SERPINGI patogénu variantu (Jiang et al., 2025; Uminski et al., 2025). Punktveida
aminoskabju aizvietoSanas jeb missense varianti, kas ietekm& CI1-INH reaktivo centru,
pieméram, p.Arg466Cys (NM_000062.3:c.1396C>T p.(Argd66Cys)), izraisa olbaltumvielas
funkcionalo deficitu, saglabajot tas struktliru un stabilitati. Savukart varianti oglhidratu

piesatinajuma regiona trauc€ olbaltumvielas glikozilaciju, paatrinot tas klirensu no cirkulacijas
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(Obtulowicz et al., 2021; J. Sharma et al., 2021). Jaunakie pétijumi liecina, ka atseviski patogéni
varianti SERPING1 géna, piem&ram, p.Leu251Pro (NM_000062.3:¢.863T>C p.(Leu251Pro)),
var ne tikai izraisit C1-INH kvantitativu vai kvalitativu deficitu, bet ar radit negativu efektu,
traucgjot endoplazmatiska tikla kvalitates kontroles sistému. Sie varianti saistiti ar Ipasi smagu
HAE klmisko gaitu, kas izpauzas ar biezam un ilgstoSam angioedémas epizodém
(Grivéeva-Panovska et al., 2018; Vatsiou et al., 2020).

HAE I tipam, kas veido aptuveni 85 % ar C1-INH saistitu slimibas gadijumu, patogéni
varianti SERPING 1 géna izraisa C1 inhibitora deficitu, kas var rasties divos galvenajos veidos —
olbaltumviela vispar netiek sintezeta (nonsensa variantu vai deléciju dél) vai arT tiek sintezéta,
bet ir nestabila un atri noardas asinsrite. HAE II tips, kas veido aptuveni 15 % ar C1-INH
asociétu slimibas gadijumu, saistits ar missense variantiem, kas izraisa C1-INH disfunkciju, bet
ta Iimenis var biit normals vai pat paaugstinats. Patogéno variantu spektrs ir loti heterogéns, un
liela dala no tiem ir unikali konkrétam gimeném, kas apgriitina mérktiecigu genétiskas

izmekl&Sanas metozu lietojumu (Sinnathamby et al., 2023; Szab¢ et al., 2022; Zafra, 2022).

1.7. Patogeni varianti F12 géna

Pedejos gados identificéti vairaki géni, kas saistiti ar nCI1-INH HAE, bet no tiem
vissenak atklatais ir 12 jeb faktora XII géns (NM_000505.4). F12 géna variantu patogenéze
nC1-INH HAE gadijuma ir saistita ar kvalitativam izmainam Hagemana faktora (faktors XII)
(Santacroce et al., 2021; Sinnathamby et al., 2023). Visbiezak sastopamais p.Thr328Lys
(NM_000505.4:¢.983C>A p.(Thr328Lys)) variants izraisa vairakus butiskus patogenézes
mehanismus. Pirmkart, izmainitais faktors XII ieglist paaugstinatu spontanas aktivacijas
tendenci, kas nozimé, ka tas var klut aktivs bez parasta stimula, pieméram, bez kontakta ar
negativi ladétam virsmam. Otrkart, §1s izmainas pastiprina kallikreTna-kinina sisteémas
darbibu — aktivais faktors XII intensivak parveérs§ prekallikreinu par kallikreinu, kas savukart
straujak generé bradikininu no kininogéna (Hintze et al., 2022; Zhang et al., 2019). Butiska
nozime ir arf hormonalajai ietekmei, Ipasi estrogéniem. Sie hormoni stimulé izmainita faktora
XII razoSanu, kas izskaidro, kapéc sieviettm nereti verojami izteiktaki simptomi un ar
hormonalam izmainam saistiti uzliesmojumi (piem&ram, menstruacijas, griitnieciba, estrogénu
saturoSu peroralas kontracepcijas Iidzeklu vai estrogénu saturoSu hormonu aizstajterapijas
lietoSana). Papildus tam patog€nais variants samazina faktora XII saistiSanas sp&ju ar
C1 inhibitoru un citiem dabigajiem plazmas inhibitoriem, tadéjadi vél vairak pastiprinot ta
patogéno ietekmi (Veronez et al., 2021). So patogenétisko mehanismu rezultata organisma
veidojas bradikinina parprodukcija, kas izraisa paaugstinatu asinsvadu caurlaidibu un

recidivéjosas angioedémas epizodes, neraugoties uz normalu C1 inhibitora [imeni un netraucétu
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ta funkciju. F/2 geéna patog€nu variantu izraisitas HAE gadijuma raksturigas fenotipiskas
variacijas, kur pacientiem var biit gan loti smagas, gan relativi vieglas epizodes. F/2 géna
patogénu variantu HAE gadijuma ir salidzino$i visbiezak sastopamas starp n-C1-INH HAE
formam. Zinatniskajos avotos tiek minéti vairaki patogéni varianti, galvenokart p.Thr328Lys
(NM_000505.4:c.983C>A  p.(Thr328Lys)) un p.Thr328Arg (NM_000505.4:c.983C>G
p.(Thr328Arg)). Sie varianti veido apméram 20-33 % no visiem n-C1-INH HAE gadijumiem,

un tie biezak noveérojami sievietém (Santacroce et al., 2021; Veronez et al., 2021).

1.8. Patogeni varianti PLG géna

PLG jeb plazminogena géna (NM_000301.5) patogénu variantu, it 1pasi p.Lys330Glu
(NM_000301.5:¢.988A>G p.(Lys330Glu)) variantu, patogenéze nC1-INH HAE gadijuma ir
saistita ar plazminogéna funkcijas izmainam, kas izraisa pastiprinatu bradikinina veidoSanos.
Sis varinats izmaina plazminogéna struktiiru, padarot to parak aktivu un mainot ta proteolitisko
specifikaciju. Rezultata izmainitais plazminogéns parmerigi parverSas par plazminu, kas ne
tikai intensivak noarda fibrinu, bet ar1 tieSi aktivé kallikreina-kinina sistému. Pastiprinata
plazmina aktivitate veicina divus galvenos patogenézes mehanismus. Pirmkart, ta paaugstina
kininog€na proteolizi, tiesi palielinot bradikinina daudzumu asinsrité. Otrkart, plazmins spgj
aktivet faktoru XII, tadgjadi pastiprinot kallikretna-kinina sist€émas aktivitati un bradikinina
veidosanos. ST divkar§a ietekme izraisa ievérojamu bradikinina uzkrasanos, kas izpauzas ka
paaugstinata vaskulara permeabilitate un angioedémas epizodes (Bork et al., 2018; Farkas
et al., 2021; Hintze et al., 2022). PLG géna patogéno variantu ietekme uz slimibas izpausmi
mainas atkariba no organisma stavokla, Tpasi no asins rec€Sanas sp&jam attiecigaja kermena
vieta. Tas izskaidro, kap&c pacientiem var biit mainiga simptomu smaguma pakape un kapéc
angioedémas epizodes biezi ir lokalizétas. Turklat ar PLG patogeno variantu saistitajam HAE
epizodém nav tik spécigas saistibas ar hormonu izmainam ka F/2 géna variantu gadijuma.
So variantu unikalais darbibas mehanisms ir pamats jaunam terapeitiskam strategijam, kuras
verstas uz plazmina aktivitates inhib&Sanu. Ar PLG patogéno variantu saistita HAE sastopama
relativi reti, tad&jadi $T varianta diagnostika prasa rapigu genétisko analizi, it Tpasi pacientiem
ar netipisku simptomatiku vai negativiem testiem citiem zinamajiem ar HAE saistitajiem
géniem. PLG géna variantu HAE konstatéta aptuveni 150 pacientiem no vismaz 33 gimeném

visa pasaulé (Hintze et al., 2022; Santacroce et al., 2021).

1.9. Patogeni varianti ANGPT1 géna
ANGPTI jeb angiopoetina-1 géna (NM_001146.5) patogéno variantu patogencze
nC1-INH HAE gadijuma ir saistita ar endot€lija stabilitates trauc€jumiem. Patogénie varianti

ANGPTI gena izraisa angiopoetina-1 strukturalas izmainas, kas trauce ta spgju veidot stabilus
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multimérus un efektivi mijiedarboties ar Tie2 receptoru. Ta rezultata tiek traucéta
angiopoetina-1 un ta receptora Tie2 mijiedarbiba, kas parasti uztur normalu asinsvadu sieninu
blivumu un izturibu (Santacroce et al., 2021). Patogenézes galvenais mehanisms ir endotélija
bradikintnam un citam asinsvadu tonusu regul&josam vielam. Mut€tais angiopoetins-1 nevar
efektivi aktivét Tie2 receptoru, kas noved pie endotélija Sinu savienojumu traucgjumiem,
paaugstinatas vaskularas permeabilitates un ilgakas bradikinina ietekmes. Sis izmainas
izskaidro, kapéc ar ANGPT1I saistitajam HAE raksturigas ilgstosas angioedémas epizodes ar
lénu remisiju (Ren et al., 2023; Santacroce et al., 2021). ANGPT1 patogéno variantu gadijuma
mazak noveérojama hormonala ietekme un simptomi parasti nav tik smagi ka ar /2 patogéno
variantu saistitajos gadijumos. ANGPT! géna varianti HAE pacientiem ir arkartigi reti
sastopami. Lidz §im zinatniskaja literattira ir ticami aprakstits tikai viens patog€nais variants —
¢.807G>T (NM_001146.5: ¢.807G>T p.(Alal19Ser)), kas konstatéts viena gimené ar Cetriem
simptomatiskiem pacientiem vairakas paaudzes (Bork, Machnig et al., 2020; Santacroce et al.,

2021).

1.10. Patogeni varianti KNG géna

KNGI jeb kininogéna-1 géna (NM_001102416.3) patogénu variantu patogenéze
nC1-INH HAE gadijuma ir saistita ar kininogéna-1 strukturalam un funkcionalam izmainam
(Bork et al., 2019). Patogénais variants rada jaunu SkelSanas vietu kininogéna, kas palielina
lizil-bradikinina (kallidina) produkciju. Kallidins, tapat ka bradikinins, saistas ar B1 un B2
receptoriem endotélija $linds, paaugstinot asinsvadu caurlaidibu un inducgjot tiisku epizodes.
Turklat kallidins var tikt parversts bradikinina ar aminopeptidazes B starpniecibu. KNG/
variantu izraisitai HAE kliniskas izpausmes var biit daudzveidigas — gan abdominalas, gan adas
tiskas (Dickeson et al., 2024). Atskiriba no F'/2 géna variantiem ar KNG/ saistitajam HAE nav
noverotas tik izteiktas saistibas ar hormonaliem faktoriem, lai gan dazos gadijumos var novérot
simptomu pastiprina$anos sievietém menstruaciju laika. ST patogéna varianta retums un
netipiska simptomatika padara ta diagnostiku par Tpasi izaicinoSu, kas prasa riipigu genétisko
analizi un funkcionalu parbaudi. KNGI gena variants NM 001102416.3:c.1136T>A
p-(Met379Lys), kas datubaze ClinVar ir klasificéts ka patogeéns, 11dz Sim aprakstits septinas

gimengs ar 14 skartiem individiem (Bork et al., 2019).

1.11. Patogeni varianti MYOF gena
MYOF jeb mioferlina géna (NM_013451.4) patogenais variants izraisa mioferlina
strukturalas izmainas, pastiprinot ta funkciju. Mioferlins ir olbaltumviela, kas pieder ferlinu

dzimtai un ir iesaistita vezikulara transporta, membranu regeneracija, $tnu atbildes reakcijas uz
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mehaniskiem un biokimiskiem stimuliem, ka ari VEGF jeb asinsvadu endotélija augSanas
faktora signalu parnes€. Mioferlins normalos apstaklos reguleé VEGFR2 jeb asinsvadu
endotélija augSanas faktora 2. tipa receptoru stabilitati un funkciju, bet patogénais variants
pastiprina So procesu, palielinot VEGFR2 skaitu asinsvadu $iinu virsma, atbildot uz VEGF
stimuliem. Tas noved pie paaugstinatas asinsvadu caurlaidibas un angioedémas (Ariano et al.,
2020; Lopez Lera, 2021). MYOF géna varianti ir relativi reti sastopami, un to diagnostika prasa
ripigu genétisko analizi, it Tpasi pacientiem ar netipisku simptomatiku vai negativiem testiem
citiem zinamajiem ar HAE saistitajiem géniem. MYOF géna varianti HAE gadijuma ir arkartigi
reti. Lidz Sim literatira un datubazé ClinVar aprakstits tikai viens patogé€ns variants
NM 0134451.4:c.651G>T p.(Arg217Ser), kas identificéts viena Italijas gimeng ar trim

skartiem pacientiem vairakas paaudz€s (Ariano et al., 2020).

1.12. Patogeni varianti HS3576 geéna

HS3S8T6 jeb heparana sulfata—glikozamina 3-O-sulfotransferazes 6 géns
(NM_001009606.4) kode heparana sulfata glikozaminoglikana k&zu 3-O-sulfotransferazi, kas
ir iesaistita heparana sulfata biosint€z€ un ta modifikacija. Heparana sulfats ir nozimigs Stnu
virsmas un ekstracelularas matricas komponents, kas piedalas dazadu signalmolekulu, tostarp
bradikinina, piesaiste, transporta un inaktivacija. HS3S76 géna variantu gadijuma tiek traucéta
enzima funkcija, ka rezultata heparana sulfata ké€deés samazinas 3-O-sulfonéto glikozaminu
daudzums, kas maina §1 glikozaminoglikana struktiru un funkcionalas ipasibas, izraisot
nepilnigu heparina sulfata biosintézi (Bork, Wulff et al., 2021). Ta ka heparana sulfats darbojas
ka kofaktors vai saistviela vairakiem asinsvadu tonusu un caurlaidibu regul&joSiem
mediatoriem, ta strukturalas izmainas var novest pie traucétas $iinu virsmas mijiedarbibas ar
angioedémas procesa iesaistitajam molekulam. Tas savukart var izraisit pastiprinatu asinsvadu
caurlaidibu un angioedémas simptomu attistibu pat ar normalu C1 inhibitora Iimeni. HS3S76
géna patogeni varianti ir arkartigi reti. L1dz Sim literatiira un datubazé ClinVar aprakstits tikai
viens patogeéns variants — NM_001009606.4:c.430A>T p.(Thr144Ser), kas identificéts viena
gimeng ar Cetram skartam sievietém vairakas paaudzes. Citi kliniski nozimigi HS3S76 varianti

nav registréti (Bork, Wulff et al., 2021; Zuraw et al., 2025).

1.13. Patogeni varianti CPNI un DAB2IP genos

P&dgjo gadu pétijumi papildinajusi nC1-INH HAE genétisko spektru ar patogéniem
variantiem CPNI (NM_001308.3) un DAB2IP (NM_001395010.1) génos, kas atklaj jaunus
patogenézes mehanismus un iedzimtibas modelus.

CPNI gens kode karboksipeptidazi N — fermentu, kas degradé bradikininu un citus

vazoaktivus peptidus. Varianti Saja géna izraisa fermenta aktivitates samazinaSanos, ka
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rezultata tiek kavéta bradikinina inaktivacija, veicinot ta uzkrasanos un pastiprinatu asinsvadu
caurlaidibu. Kliniski §1 forma izpauZzas ar atkartotam angioedémas epizodém kombinacija ar
natreni. Lidz $im aprakstiti tris CPNI varianti (NM_001308.3:¢.533G>A p.Glyl78Asp,
c.582A>G, ¢.734C>T), kas konstatéti Cetras gimengs, un slimiba tick parmantota autosomali
recesiva veida. ST HAE forma tiek uzskatita par loti retu (Parsopoulou et al., 2022).

Savukart DAB2IP gens, kas kodé Ras-GTPazes aktivacijas proteinu ar nozimi §tinu
signalizacijas celos, tostarp PI3K-Akt un NF-kB, ir identificéts ka jauns HAE patogenétiskais
faktors viena Argentinas gimené vairakas paaudzés. Taja konstatEtais missense variants
NM 001395010.1:¢.715G>A p.(Asp239Asn) lokaliz€jas C2 doména un trauceé DAB2IP
mijiedarbibu ar VEGFR2. Ta rezultata tiek pastiprinata VEGF signalizacija, ilgak saglabajot
VEGFR2 uz endotélija Stnu virsmas un veicinot asinsvadu caurlaidibas palielinaSanos.
Sis variants izraisijis autosomali dominantu HAE formu septiniem gimenes locekliem ar
estrogénjutigiem simptomiem — angioed€mu kombinacija ar natreni.

Abi géni — CPNI un DAB2IP — parstav reti sastopamas, tacu nozimigas nC1-INH HAE
formas ar atskirigiem iedzimtibas mehanismiem un patogenétiskajiem celiem, kas paplaSina
izpratni par slimibas molekularo daudzveidibu (D’Apolito et al., 2024; Lyons et al., 2023).
Tomér pétijumi par CPN1 un DAB2IP génu lomu HAE patogenéz€ joprojam turpinas, un dala
no identifictajiem variantiem pagaidam tiek uzskatiti par labdabigiem vai neskaidras klmiskas

nozimes variantiem (Zuraw et al., 2025).

1.14. Kliniska aina

Klmiski hereditara angioedéma izpauzas ar tiisku, kas skar adu, gremoSanas traktu un
elpcelus. HAE gadijuma dominé audu ttiska, kas 1pasi viegli rodas irdenajos audos, tapec biezak
tiek skarti plakstini, lupas, dzimumorgani, ka arT seja, kakls, zarnas, ekstremitates, mutes
dobums, balsene. Angioedémas epizodes klust bistamas dzivibai, kad tiek iesaistita m&le un
balsene, toties intestinalas angioedémas gadijuma nereti pacientiem ir vemsana, aizciet&jumi,
Skidra veédera izeja un tik izteiktas sapes veédera, ka slimiba jadiferencé ar akatu kirurgisku
védera dobumu patologiju. Sapes védera rada tuska zarnas un mezentérija. Gadijumos, kad
HAE izpausmes skar tikai kunga-zarnu traktu, nereti S$iem pacientiem veic akiitu kirurgisku
operaciju. Laporatomijas laika atrod pietiikuSas zarnas un biezi vien veic nepamatotu
apendektomiju (Hashimura et al., 2021; Radojicic & Anderson, 2024).

Angioedémas Iekmes biezi noris ar prodromu. 1-2 stundas pirms tiiskas paradiSanas
pacienti nereti siidzas par eritematoziem izsitumiem bez pac€luma un niezes erythema
marginatum, Kas izzud, attistoties tuskai, par tirpSanu attiecigaja lokalizacija, kur péc tam

attistas tiiska. Tapat vairakas stundas pirms tiiskas epizodes pacientiem iesp&jamas peksnas
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garastavokla mainas, trauksme, sensoras jeb manu izmainas vai izteikts vajums. Lai gan bieZzi
HAE epizodes provocgjosais faktors ir neskaidrs, aptuveni treSdalai pacientu tuskas epizodi
provoce trauma (Wilkerson & Moellman, 2022). Biezak trauma spiediena rezultata, retak asa
trauma. Pacientiem, kuri ilgstosi stav kajas, var attistities pédu ttiska. Pacientiem, kuriem darbs
saistits ar ilgstosu slodzi rokas, var attistities plaukstu tiiska. Dazkart ka provocgjosais faktors
var biit infekcijas slimibas, dentalas manipulacijas, emocionals stress. Sievietes nereti atzimé,
ka tuiska biezak attistas menstruaciju laika. Angioedémas uzliesmojumu smagumu un biezumu
var pastiprinat dazi medikamenti, pieméram, AKEI (angiotenzina konvert€joSa enzima
inhibitori), estrogénpreparati (Sarkar et al., 2023; Wilkerson & Moellman, 2023).

Tuskas epizozu biezums vienam pacientam var stipri variét. Dazkart pacienti stidzas par
slimibas uzliesmojumu reizi ned€la, citkart epizodes nav bijusas vairakus gadus (Wilkerson &
Moellman, 2023; Zanichelli et al., 2018).

Pacienti atzZimé, ka tiiska visintensivaka ir pirmas 12-24 stundas, bet parasti pavisam
izziid 72 stundu laika. Dazkart tiiska var ilgt pat piecas dienas ar tuiskas lokalizacijas migraciju
(Demir et al., 2025).

Balsenes tiiska ir visbistamaka HAE izpausme, ta rada tdlit€§ju dzivibai bistamu
situaciju. Ta strauji var progres€t no neliela diskomforta mutes doma Iidz pilnigai elpcelu
obstrukcijai (Sinnathamby et al., 2023; Wilkerson & Moellman, 2023).

Retak sastopama tiiska dzimumorganos. VirieSiem ar HAE iesp&jama seklinieku vai
dzimumlocekla tiiska. Sievietém — kaunuma lipu tuska. Urinpiisla vai urinizvadkanala glotadas
tiiska var radit sapes, urina retenci vai antriju (Sinnathamby et al., 2023).

Dazkart HAE pacienti slimibas uzliesmojuma laika atzimé sp&cigas galvassapes, redzes
traucgjumus (neskaidru redzi, dubultosanos), aprakstitas ari ataksijas epizodes (kustibu,

koordinacijas un lidzsvara trauc€jumi) (Chen et al., 2025; Radojicic & Anderson, 2024).

1.15. Diagnostika

HAE diagnostika jasak ar ripigu pacienta un vina gimenes anamnézi, t.i., tasku
biezumu, ilgumu, lokalizaciju, prodroma simptomiem, citam ar slimibu saistitam siidzibam, tai
skaita gastrointestinaliem trauc&jumiem, neirologiskiem simptomiem, psihoemocionaliem
traucgjumiem. Uzdodami mérktiecigi jautajumi par iesp&jamiem provoc€joSiem faktoriem,
medikamentu lietoSanu (Grumach et al., n.d., 2025).

Fizikalas izmekl&Sanas laika uzliesmojuma gadijuma attiecigaja lokalizacija redzama
tuska, reti lokala erittma. Biezak tuiska skar seju (taja skaita plakstinus, lipas), kaklu,
dzimumorganus, rokas, kajas, glutealo rajonu. Intestinalas HAE gadijuma palpatori raksturigas

difiizas sapes védera, védera prieksgjas sienas muskulu rezistence, novajinata vai neizklausama
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zarnu peristaltika, ascits. Smagu uzliesmojumu gadijuma elpcelu tiiska un to obstrukcijas
pazimes, hipotensija. Retak fizikalas izmekleSanas laika konstatgjamas pleirita pazimes ar
pleiras izsvidumu, krampji, hemiparéze, kas rodas sekundari smadzenu tiiskas gadijuma, un
urinpiisla tiiska (Grumach et al., 2025; Sinnathamby et al., 2023).

HAE pacientiem rutinas asins analizes parasti ir bez bitiskam izmainam. Slimibas
skrininga diagnostika izmanto seruma C4 komplementa Itmena noteikSanu. Ta limenis parasti
ir samazinats gan uzliesmojumu laika, gan starp tiem. Laboratoriskie raditaji hereditaras
angioedémas gadijuma redzami 1.1. tabula. Pacientiem ar nearst€tu C1 inhibitora deficitu
C4 Iimenis seruma parasti neparsniedz 40 % vesela cilveka vidéja C4 limena un parasti ir
zemaks neka 0,1 g/L (Manning, 2020). I tipa HAE gadijuma ir samazinats C1 inhibitora Iimenis
un C1 inhibitora aktivitate. Normala vai paaugstinata C1 inhibitora koncentracija seruma, bet
samazinata ta funkcionala aktivitate liecina par HAE 1II tipu (Grumach et al., 2025).
C1 inhibitors ir loti nestabils enzims, tadel ir iesp&jami kludaini rezultati, 1pasi viltus negativi —
pacientam ar samazinatu C1-INH Iimeni laboratorijas kltidas dél tas var tikt noteikts ka normals.
Ipasi enzima nestabilitate apdraud funkciondlo testu precizitati. Lai kladas iesp&jamibu
samazinatu, iesaka asins paraugu netransportet, péc iespejas testu veikt svaiga (mazak neka 4 h
laika pec asins parauga nonemsSanas) vai svaigi saldéta seruma un C1 inhibitora limena vai
funkcijas noteikSanu papildinat ar C4 koncentracijas noteikSanu taja pa$a asins parauga, jo
C4 komplements ir daudz stabilaks neka C1 inhibitors (Manning, 2020; Sinnathamby et al.,
2023).

Samazinats C1-INH Iimenis un aktivitate var biit ar1 iegiitas angioedémas gadijuma. No
HAE to palidz atskirt C1q antivielu noteikSana. Pozitivas Clq antivielas liecina par iegiitu
angioedému (visbiezak limfoproliferativu vai autoimiinu slimibu — sisteémas sarkanas vilkédes
vai dermatomiozita — gadijuma) (Patel & Pongracic, 2019).

HAE gadijuma C3 un Clq limenis parasti ir neizmainits. Uzliesmojuma gadijuma
pacientiem parasti ir paaugstinats seruma hemolitiska komplementa (CH50) Iimenis. Remisijas
laika tas parasti ir neizmainits. Bet Sis tests HAE gadijuma nav kliniski nozimigs, jo CH50 var
bit samazinats ar1 citos gadijumos (Muna et al., 2024; Patel & Pongracic, 2019).

Bérniem, 1pasi jaunakiem par viena gada vecumu, hereditaras angioedémas laboratora
diagnostika var biit apgriitinata. Veseliem jaundzimusajiem C1 inhibitora limenis seruma un ta
funkcionala aktivitate ir 30-50 % pieauguso normas. C4 komplementa limenis ar1 parasti ir
pazeminats. Ja bérnam lidz viena gada vecumam Cl1 inhibitora Itmenis ir zemaks par 30 %
pieauguso normas, tas apstiprina HAE diagnozi. Tacu diagnozi pilniba nevar izslégt arT tad, ja
C1 inhibitora koncentracija un funkcionala aktivitate ir normala. Saja gadijuma asins analizes

ar komplementa sisteémas izmekléSanu jaatkarto péc viena gada vecuma. JaundzimuSajiem ar
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pozitivu HAE gimenes anamnézi veic genétiskus testus, kas atvieglo iedzimta C1 inhibitora

deficita diagnostiku (Bocquet et al., 2025; Manning, 2020).

1.1. tabula
Laboratoriskie raditaji hereditaras angioedémas gadijuma
(Manning, 2020; Proper et al., 2020)
Raditajs I tips 11 tips nC1-INH HAE
C4 Iimenis Zems Zems Normals
C1-INH Itmenis Zems Normals / augsts Normals
CI1-INH aktivitate Zema Zema Normala
Clq Iimenis Normals Normals Normals

nC1-INH HAE - hereditara angioedéma ar neizmainitu C1 komplementu; C4 — komplements 4; CI1-INH —
Cl1 inhibitors; C1q — komplementa komponents 1q.

Intestinalas HAE uzliesmojuma gadijuma védera dobuma rentgena var biit vérojama
ileusa aina. Védera dobuma ultrasonografija vai datortomografija var redzet sabiez€tas zarnu
sienas, Skidruma Itmeni ap zarnam un brivu peritonealu skidrumu. KriiSkurvja rentgena var biit
pleiras izsvidums (Bellanti & Settipane, 2025; Broderick et al., 2025; Lumry & Settipane, 2020).

HAE pacientiem reti veiktas histologiskas analizes, jo histologiska aina neatskiras no citas
genézes angioedémas histologiskas ainas. Parasti tiek novérota perivaskulara mononuklearo §tinu
infiltracija un dermala tiiska, kas lidziga tai, ko novero hroniskas natrenes vai citu tipu angioedému
gadijuma. Tuska verojama dermas retikularaja slani, zemada vai zemglotada, bez iekaisuma §tinu
infiltracijas. Reizém veérojama vazodilatacija (Mendivil et al., 2021).

HAE diagnostika biitiska nozime ir diferencialdiagnozei ar citiem angioedémas
veidiem, jo 1pasi ar AE-MC, kas kliniskaja praksé sastopama krietni biezak. AE-MC kliniski
var izpausties ar lidzigiem simptomiem ka HAE, tacu tas patogenéze ir atskiriga — to izraisa
tuklo Stinu degranulacija ar histamina un citu mediatoru izdaliSanos, nevis bradikinina
parmeériga veidoSanas. PaSreiz nav specifisku biomarkieru, kas lautu ticami diferencét AE-MC
no citiem angioedémas veidiem. Tas diagnostika galvenokart balstas uz klinisko ainu un
novertgjot pozitivu atbildreakciju uz antihistaminu terapiju un, ja nepiecieSsams, omalizumabu

(Maurer et al., 2022; Reshef et al., 2024).

1.16. Genétiskas diagnostikas metodes hereditaras angioedémas gadijuma

HAE genétiska izmekléSana ir biitiska precizai diagnozei, 1pasi netipiskos vai
neskaidros gadijumos, ka arT gimenes locek]u skriningam un slimibas patogenézes izpratnei.
Misdienas tiek izmantotas vairakas genétiskas analizes metodes, kuras atSkiras péc savas
iz8kirtsp&jas, specifikas un piemérotibas dazadu patogéno variantu tipu noteiksanai: punktveida
varianti, indeli, plasas del&cijas/duplikacijas, nekodg&josie varianti.

Tradicionali HAE diagnostika biezi tiek izmantota Sangera sekvencéSana, kas ir zelta

standarts atsevisku génu, galvenokart SERPINGI, analizé. ST metode lauj precizi noteikt
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punktveida variantus un nelielas izmainas géna kodg€josSajas dalas. Sangera sekvencéSanas
priekSrociba ir tas augsta precizitate un reproducjamiba, tacu ar So metodi nav iesp&ams
vienlaikus analizeét lielu skaitu génu vai génu variantu, ka ari ta nespg atklat lielakus
strukturalus variantus (Santacroce et al., 2021).

Lai identific€tu plaSas delécijas vai duplikacijas géna struktiira, pieméram, SERPING 1
gadijuma, tiek izmantota MLPA jeb multiplas ligazes atkarigas zondes amplifikacijas metode.
Ta lauj kvantitativi noteikt specifisku eksonu kopiju skaitu, tad&jadi atklajot géna dal&ju vai
pilnigu deléciju vai duplikaciju. MLPA ir noderiga gadijumos, kad Sangera sekvencé&Sana
neuzrada patologiskas izmainas, bet kliniska aina atbilst HAE I un II tipam. Tom&r §1 metode
nav piemérota punktveida mutaciju noteikSanai un sniedz informaciju tikai par konkrétiem,
ieprieks definétiem géna regioniem (Bork, Machnig et al., 2020; Szab¢ et al., 2022).

Arvien plasaku lietojumu HAE genétika, tapat ka citu patologiju gadijuma, kad iemesli
var biit vairaku génu patogénie varianti, iegiist NGS jeb nakamas paaudzes sekvencéSana, kas
lauj vienlaikus analizét vairakus génus ar augstu izSkirtsp&ju. Visbiezak tiek lietota eksoma
sekvencésana (ES) ar mérktiecigu biezako génu variantu analizi, bet ar to ir sarezgiti identificet
strukturalus variantus (Santacroce et al., 2021; Veronez et al., 2021). Genoma sekvenceSana
(GS) tiek veikta zinatniskos p&tijumos vai kliniski neizskaidrotos gadijumos. ES un GS metodes
sniedz visaptverosu informaciju par genétisko materialu, laujot atklat ne tikai zinamus
patogénus genétiskos variantus, bet arT jaunas, 1idz §im nesaistitas genétiskas izmainas, kas var
bt nozimigas HAE patogenézé. Tacu $ada pieeja ir dargaka, laikietilpigaka un prasa augsti
kvalificétu bioinformatisko analizi, lai interpretétu iegiito datu apjomu (Bagger et al., 2024;
Santacroce et al., 2021).

Kopuma genétiskas izmeklesanas metodes HAE gadijuma ir savstarpgji papildinosas,
un optimala diagnostikas pieeja biezi vien ietver vairaku metozu kombinaciju. To izvéle ir
atkariga no kliniska konteksta, pieejamiem resursiem un aizdomam par konkrétiem patogéniem
variantiem. Preciza genétiska diagnoze ne tikai apstiprina slimibu, bet ari sniedz veértigu
informaciju par iedzimtibas risku, slimibas gaitu un iesp&jamu atbildi uz terapiju (Santacroce

etal., 2021).

1.17. Diferencialdiagnostika

Balstoties uz anamnézes datiem, kliniskas ainas Tpatnibam un izmekl&Sanas rezultatiem,
HAE jadiference no citam slimibam un stavokliem, kas var radit angioedému, pieméram, tuklo
Stinu mediéta angioedéma (ka anafilakses vai natrenes komponente), angioedéma, asociéta ar
vaskulara endotélija disfunkciju (pastiprinatas kapilaru caurlaidibas sindroms), medikamentu

inducg@ta angioedéma (angiotenzinu konvertgjoSo enzimu inhibitori, nesteroidie pretiekaisuma
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lidzekli, peroralie kontracepcijas lidzekli vai hormonu aizstajterapija u. c.), angioedéma bez
zinama iemesla (epizodiska angioedéma ar eozinofiliju), iegiita angioedéma (limfoproliferativu
vai autoimiinu slimibu, piem&ram, sistémas sarkanas vilkédes vai dermatomiozita gadijuma).
HAE jadiference ar1 no stavokliem, kas var izraisit tiisku, pieméram, kontaktdermatits, rozacija,
autoimiinas slimibas (sist€émas sarkana vilkéde, sklerodermas agrina stadija), parazitu
infekcijas, hipotireoidisms un onkologiskas slimibas (kakla un sejas limfoma, plausu vézis).
Biezi minétajam slimibam bez tiiskas ir arT citi pavadoSie simptomi, tas palidz diferencét
diagnozi (Chen et al., 2025; Manning, 2020; Mormile et al., 2025).

C1 inhibitora deficita radita angioedéma jadiferenc€ ari no hroniskas spontanas
natrenes, vibracijas, spiediena izraisitas angioedémas u. c. slimibam, kas izpauzas ar adas un
glotadu tiisku un atgadina klasisku angioedému, bet patogenétiski tai nepieder. Intestinala HAE

jadiference no akutas védera dobuma patologijas (Grumach et al., 2025; Manning, 2020).

1.18. Prognoze

Lai gan HAE ir salidzinosi reta slimiba, ta ir potenciali bistama dzivibai. Aptuveni
50-70 % C1 inhibitora deficita pacientu ir vismaz viena dzivibu apdraudoSa, smaga
angioedémas epizode miiza. Balsenes tiiska var izraisit asfiksiju. Intestinalas HAE epizodes var
radit nevajadzigu kirurgisku operaciju un diagnozes novélotu noteikSanu ka arT narkotisko
pretsapju lidzeklu atkaribu stipru sapju del. Adas izmainas, TpaSi uz sejas un kakla rada izteiktu
kosmétisku defektu, pacientam biezi nakas kavét darbu vai macibas, samazinas to
produktivitate, tiek ierobezota pacienta komunikacija ar citiem cilvékiem, pacienti baidas doties
celojumos, tiek raditi psihoemocionali un neirologiski trauc&jumi, tiek traucéta dzives kvalitate,
pacientiem slimibas d&| nereti rodas suicidalas domas (Honda et al., 2024; Lumry & Settipane,
2020; Mendivil et al., 2021).

Pacientiem ar agrinu slimibas sakumu prognoze ir sliktaka neka pacientiem, kuriem
simptomi izpauZzas lielaka vecuma. Pirms tika radita efektiva HAE terapija, mirstiba slimibas
del bija 20-30 %. Profilaktiska terapija mirstibu ir krietni samazinajusi (Bork, Anderson, et al.,
2021; Mendivil et al., 2021).

C1 esterazes inhibitoram nav biitiskas lomas imunitates nodrosinaSana, tadel infekciju
biezumu un smaguma risks HAE pacientiem nav palielinats. Tapat arT citi biokimiskie celi,
kuros piedalas C1 inhibitors, piem&ram, fibrinolizes un rec€$anas procesi, darbojas normali pat

ar izmainitu C1 inhibitora koncentraciju (Honda et al., 2021; Radojicic & Anderson, 2024).
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1.19. ArsteSana

HAE arstéSana sastav no istermina un ilgtermina slimibas un tas uzliesmojumu
profilakses un akiitu epizozu arstésanas.

Istermina profilaksi veic situacijas, kad paredzami uzliesmojumu ierosinosi faktori,
pieméram, dentalas manipulacijas, kirurgiskas operacijas, paaugstinats stresa Itmenis
(pieméram, eksamenu laika). P&tijjumi liecina, ka, veicot kirurgiskas manipulacijas bez
iepriekS¢jas profilakses, slimibas uzliesmojums HAE pacientiem rodas 5,7-30,5 %
manipulaciju gadijumu (Broderick et al., 2025; Launay et al., 2023; Magerl et al., 2025). Visiem
pacientiem ar smagu HAE, bieziem un smagiem slimibas uzliesmojumiem, balsenes ttsku
anamné&z€ rekomendg veikt ilgtermina profilaksi (Li, 2020; Maurer et al., 2022).

Akiitas situacijas pacientiem ar hipotensiju, ko izraisa Skidruma sekvestracija
ekstravaskularaja telpa, stabilas hemodinamikas nodroSinasanai nepiecieSama intravaskulara
Skidruma infuzija. Intestinalas HAE gadijuma sapes védera tiek mazinatas ar narkotiskiem
pretsapju lidzekliem. Situacijas, kad balsenes tuska rada elpcelu obstrukciju, nereti veic
intubaciju vai traheostomiju (Caballero, 2021; Maurer et al., 2022).

Adrenalins, sist€émiskie glikokortikoidi un antihistamini C1 inhibitora deficita izraisitu
angioedémas simptomu arstésana ir neefektivi (Christiansen & Zuraw, 2020; Launay et al., 2023).

HAE uzliesmojumu gadijuma pirmas linijas terapija tiek izmantoti rekombinants
C1 inhibitora koncentrats (Ruconest), plazmas derivéts C1 inhibitora koncentrats (Cynrize,
Berinert), kallikreina inhibitors (Ecallantide) vai bradikinina 2. tipa (2B) receptora antagonists
(Icatibant). Ka alternativu iesp&jams lietot svaigi saldétu plazmu tas sastava esosa C1-INH dél,
ja iepriek§ minétie medikamenti nav pieejami (Betschel et al., 2023; Christiansen & Zuraw,
2020). Pieradits, ka p&c iesp€jas agrinaka uzliesmojuma arstéSana uzlabo terapijas efektivitati.
Agrini uzsakta terapija veicina atraku simptomu izzusanu, 1saku kop€jo uzliesmojuma periodu
un, neskatoties uz uzliesmojuma smaguma pakapi, samazina komplikaciju risku un mirstibu
(Broderick et al., 2025; Zuraw et al., 2025).

Profilaktisku arstéSanu uzsak, ja pacientam ir biezi un/vai smagi HAE uzliesmojumi
(Maurer et al., 2022). HAE ilgtermina profilaksei ka pirmas linijas medikamenti tiek izmantoti
plazmas derivétais C1 inhibitora koncentrats (Cynrize), monoklonala antiviela (Lanadelumab),
plazmas kallikreina inhibitors (Berotralstat). Ka alternativa: novajinati androgéni (Danazol),
traneksaminskabe. Iesp&jamo blakusparadibu dél Sos lidzeklus iesaka izmantot tikai gadijumos,
kad specifiska terapija nav pieejama (Betschel et al., 2023; Launay et al., 2023; Maurer et al.,
2022). HAE istermina profilaksei ka pirmas linijas terapija tiek izmantoti plazmas derivetais

C1 inhibitora koncentrats (Cynrize, Berinert), rekombinants CI inhibitora koncentrats
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(Ruconest). Ka alternativa HAE 1stermina profilaksei var tikt izmantota svaigi saldéta plazma
vai novajinati androgéni (Danazol) (Broderick et al., 2025; Costanzo et al., 2024).

HAE gadijuma liela nozime ir esoSo slimibas veicinoSo faktoru novérSanai, pieméram,
Helicobacter pylori eradikacija, zobu un citu fokalu infekciju san€Sana var krietni mazinat
slimibas uzliesmojumu skaitu un smaguma pakapi. Tapat HAE pacientiem ripigi jaapsver citu
medikamentu lietoSanas nepiecieSamiba, Ipasu veribu pievérSot peroraliem kontracepcijas
medikamentiem, hormonu aizstajterapijas preparatiem un angiotenzinu konvertéjosa enzima
preparatiem. Minétie medikamenti palielina angioedémas uzliesmojumu risku (Costanzo et al.,
2024; Sinnathamby et al., 2023).

HAE nav di€tas un fizisko aktivitasu ierobezojumu. Vienigi Siem pacientiem neiesaka
nodarboties ar tadam fiziskam aktivitatém, kur gruti sanemt neatliekamo palidzibu (Costanzo

et al., 2024; Mormile et al., 2025).

1.20. Metaboloms un ta noteikSana

Metaboloma pétijjumi miisdienu medicina ir kluvusi par butisku instrumentu dazadu
patologiju, tostarp HAE, onkologisko, kardiovaskularo, neirodegenerativo un vielmainas
slimibu, izpete, sniedzot iesp&ju identificet raksturigus metaboliskos markierus, izprast slimibu
patomehanismus un attistit jaunas diagnostikas un terapijas stratégijas (Jans et al., 2022).

Metabolomika ir visaptveros$a zinatnes nozare, kas nodarbojas ar biologiskajos paraugos
eso$o metabolitu — zemas molekulmasas biologiski aktivu savienojumu — izp&ti un analizi. ST
pieeja lauj iegtit detaliz&tu prieksstatu par organisma fiziologisko stavokli, jo metaboliti ir tiess
vielmainas procesu atspogulojums tam, kas notiek $iinas un audos. Atskiriba no citam “omikas”
disciplinam (pieméram, genomikas vai proteomikas), metabolomika sniedz dinamisku un
funkcionalu skatu uz organisma pasreiz€jo stavokli, jo metabolitu [imeni var atri mainities
atkariba no ar€jas vides faktoriem, slimibam vai arstéSanas (Jans et al., 2022).

Metaboloms attiecas uz visu metabolitu kopumu konkréta biologiska parauga noteikta
laika posma. Tas ietver loti dazadu savienojumu klastu — no vienkar§am organiskajam skabém
lidz sarezgitiem lipidu un peptidu atvasinajumiem. Metaboloma izp&te lauj identificét
raksturigas vielmainas parmainas, kas var biit saistitas ar konkrétiem patologiskiem procesiem,
genétiskiem defektiem vai argjiem faktoriem (Qiu et al., 2023).

Metaboliti ir biologiski aktivas zemas molekulmasas molekulas (parasti ar molekulmasu
zem 1500 Da), kas veidojas vielmainas procesu rezultata. Tos iedala divas galvenajas grupas:
endogénie metaboliti, ko organisms sinteze pats, un eksogénie metaboliti, kas tiek uznemti no

vides, tostarp partikas. Katram no Siem savienojumiem ir unikala loma organisma darbiba, un
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to koncentraciju izmainas var bit jutigi raditaji dazadiem fiziologiskiem vai patologiskiem

procesiem (Jans et al., 2022; Z. Wu et al., 2019).

1.20.1. Metodes metaboloma noteikSanai

Metaboloma noteikSanai un analizei galvenokart izmanto divas instrumentalas
metodes — masas spektrometriju  (MS) un kodolu magnétiskas rezonanses (NMR)
spektroskopiju —, izveli nosaka pétjjuma mérkis un analiz€amo savienojumu ipasibas.
MS, biezi kombinéta ar Skidruma vai gazu hromatografiju (LC-MS/GC-MS), ir izplatita metode
metabolitu profiléSanai, pateicoties tas augstajai jutibai un iesp€jai vienlaikus noteikt
tukstoSiem savienojumu. LC-MS ir piemérota polaru un nestabilu savienojumu analizei, kamé&r
GC-MS piemérota gaistosu un termiski stabilu metabolitu noteikSanai. Lai uzlabotu metabolitu
identificéSanu, arvien biezak izmanto augstas izSkirtsp&jas MS metodes (Orbitrap, TOF) un
tandemmasu spektrometriju (MS/MS), kas lauj precizi atSkirt pat strukturali lidzigus
savienojumus. Savukart NMR spektroskopija nodrosina augstu datu reproducgjamibu un iespgju
pétit metabolitu dinamiku dzivajas sisteémas, ka ar lauj analizet paraugus atkartoti. Tomér ta ir
mazak jutiga salidzinajuma ar MS un prasa lielakus paraugu apjomus (Jans et al., 2022).

Lai apstradatu iegiitos datus, tiek izmantotas daudzfaktoru statistikas metodes
(pieme&ram, PCA — galveno komponentu analize) un bioinformatikas riki (Kioto G&nu un
genomu enciklopédija, MetaCyc), kas palidz identificét metabolos markierus un to lomu
biologiskajos procesos. Optimalie rezultati tiek iegiiti, kombingjot abas metodes, kas lauj iegit

vispusigu priekSstatu par metaboloma izmainam (Jans et al., 2022; Schonig et al., 2013).

1.20.2. Metaboloma noteikSana ikdienas kliniskaja prakse

Lai gan metabolomika un metaboloma noteikSana ir spécigs instruments biomarkieru
atklasanai, tas rutinas lietoSana kliniskaja diagnostika joprojam ir ierobezota. Galvenie
ierobezojumi ir saistiti ar tehniskam grutibam, jo metabolitu profili ir loti atkarigi no paraugu
sagatavoSanas, iekartu kalibracijas un datu apstrades algoritma, kas apgriitina rezultatu
standartizaciju starp dazadam laboratorijam. Turklat metabolitu Itmeni var bitiski svarstities
atkariba no diennakts ritma, uztura un citiem ar&jiem faktoriem (Ulmer et al., 2021).

Tomeér dazas medicinas nozarés metabolomika jau ir sasniegusi realu klinisko
pielietojumu un tiek aktivi ieklauta diagnostikas un terapijas monitoréSanas prakse.
Visnozimigakais piemérs ir iedzimto vielmainas traucg€jumu diagnostika — metabolomiskas
metodes, galvenokart tandémmasu spektrometrija (MS/MS), ir kluvuSas par zelta standartu
jaundzimuso skrininga programmas visa pasaulé. Tas lauj atri un precizi noteikt fenilketoniiriju

(paaugstinats fenilalanina Iimenis), propionaciedému (paaugstinats propionilkaritins) un vairak
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neka 50 citus iedzimtus vielmainas defektus neliela asins daudzuma (Jans et al., 2022;
Mordaunt et al., 2020).

Onkologija metabolomikai ir arvien lielaka nozime gan diagnostika, gan terapijas
personalizacija. Glioblastomas gadijuma, piem&ram, specifiski lipidu profili (ipasi sfingolipidu
un fosfolipidu attiecibas) lauj ne tikai prognozet atbildi uz terapiju, bet ar1 paredzet slimibas
agresivitati (Samec et al., 2025; Wood et al., 2024). Lidzigi, kriits véZa gadijuma noteikti
metaboliti (piemeram, laktata un piruvata attieciba) koreleé ar metastazu risku un palidz
izveleties optimalo arstéSanas stratégiju (Guasch-Ferré et al., 2016; Leiherer et al., 2024;
Mathur et al., 2023).

Sirds un asinsvadu slimibu joma metabolomiskie petijumi ir Tpasi perspektivi. Papildus
tradicionalajai lipoproteinu analizei tiek pétiti ar1 specifiski lipidu metaboliti (piem&ram,
ceramidi un fosfatidilholini), kas var biit daudz precizaki sirds infarkta risku markieri. Nesenie
petijumi liecina, ka noteiktu acilkarnitinu profils var paredzét koronaro art€riju slimibas
attistibu vél pirms klinisko simptomu paradiSanas (Leiherer et al., 2024).

Metaboloma pétijumi arvien vairak tiek veikti neirodegenerativo slimibu (Alcheimera
slimibas, parkinsonisma) agrinai diagnostikai, antibiotiku rezistences prognozéSanai infekcijas
slimibu gadijumos, transplantologija, lai noveértétu organu atgrisanas riskus, psihiskas
veselibas joma (depresijas, Sizofrénijas) biomarkieru mekl&jumos (Iwamoto et al., 2022;

Lindstrom, 2024).

1.20.3. Metaboloma pétijumi hereditaras angioedémas joma

Metaboloma izpéte HAE pacientiem lidz $im veikta arkartigi maz, tomér jaunakie pétijumi
liecina, ka papildus klasiskajam bradikinina celam, kontakta sistémas proteiniem un to
metabolitiem, tostarp faktoram XII, prekallikreinam un augstas molekulmasas kininogénam, loma
HAE patogenéze un slimibas heterogenitaté ir ari metaboliskiem trauc€jumiem, kas ietekmé gan
iekaisuma procesus, gan endotélija stabilitati (Kanepa et al., 2024; Wang & Zhi, 2022).

Metaboloma pétijumos konstatéts, ka purinu vielmainas produkti, piem&ram, ksantins,
hipoksantins un urinskabe, HAE pacientiem ir batiski samazinati. Sie metaboliti iesaistiti gan
Stnu energétika, gan antioksidativaja aizsardziba. To limenu pazeminasanas norada uz purinu
metabolismu traucgjumiem, ka ar1 uz pavajinatu organisma sp&ju neitralizeét oksidativo stresu,
kas veicina endotélija disfunkciju un asinsvadu caurlaidibas palielinasanos — galveno ttskas
patogengzes mehanismu HAE gadijuma. Sis izmainas atspogulo ari kopgjo sistemisko atbildi un
pastiprinatu iekaisuma markieru ekspresiju HAE uzliesmojuma laika, uzsverot purinu metabolitu

klinisko un diagnostisko nozimi §is slimibas izpratn€ un biomarkieru izstradé (Wang & Zhi, 2022).
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Riboflavins un ta atvasinajumi - flavina adenindinukleotids wun flavina
mononukleotids — organisma ir butiski kofaktori dazados oksidativi reduktivos biokimiskos
procesos. Sis molekulas nodrogina $tinu antioksidativo aizsardzibu, savukart riboflavina deficits
izraisa pastiprinatu oksidativa stresa uzkraSanos. HAE patogenézé tas nozimé, ka samazinats
riboflavina vai ta atvasinajumu Iimenis izjauc Siinu aizsargfunkcijas, padarot endot€lija Siinas
jutigakas pret iekaisuma mediatoru ietekmi. Ta rezultata pastiprinas citokinu izdaliSanas,
veidojas proinflammatora vide un tiek traucéta asinsvadu barjeras funkcija, kas veicina
asinsvadu caurlaidibas palielinaSanos — galveno tiiskas attistibas mehanismu HAE gadijuma.
Turklat riboflavina trikums var pasliktinat ari bradikinina noardiSanos, v€l vairak palielinot
tuskas risku. Samazinatas riboflavina un ta atvasinajumu koncentracijas HAE pacientiem
tadejadi raksturo ne vien vispar&ju vielmainas disbalansu, bet art specifisku priek$nosacijumu
oksidativa balansa zudumam, kas ciesi saistits ar slimibas simptomu smagumu un kltnisko risku
(Wang & Zhi, 2022).

Citronskabe, sukcinskabe un izocitrats ir vieni no svarigakajiem metabolitiem
trikarbonskabju jeb Krebsa cikla. Konstatéta So metabolitu Iimena samazinaSanas
HAE pacientiem norada uz traucétu Sinu energétisko metabolismu, kas ietekmé& S$tnas
funkcionalitati, tostarp endot€lija Siinu sp€ju uzturét asinsvadu integritati. HAE gadijuma
nepilniga energijas apgade var vajinat endotélija barjeras funkciju, padarot asinsvadu sieninas
caurlaidigakas un veicinot Skidruma iekliiSanu apkart€jos audos, kas ir centralais mehanisms
tuskas attisttba HAE gadijuma. Turklat samazinata energijas razo$ana veicina $iinu stresa
stavokli, kas var pastiprinat ickaisuma reakcijas un vél vairak vajinat asinsvadu barjeru HAE
uzliesmojumu laika. Tadgjadi trikarbonskabju cikla metabolitu izmainas ir ne tikai sekundars
process, bet var buit arT tieSi saistitas ar galveno HAE patogenézes elementu — traucétu
mikrovaskularu caurlaidibu un tiisku (Jans et al., 2022; Kaplan & Maas, 2017; Singh &
Bernstein, 2022; Wang & Zhi, 2022).

Lai gan metaboloma pétijumi HAE pacientiem ir ierobeZoti, ickaisuma un asinsvadu
caurlaidibas regulacijas procesi, tostarp izmainas aminoskabju (ipaSi arginina, leicina,
izoleicina, valina) un lipidu (eikanoidu, prostaglandinu) metabolisma, ir identific€ti citos
angioedému, iekaisuma un asinsvadu patologiju modelos. Pieejamie dati lauj pienemt, ka
sadam vielmainas izmainam varétu biit nozimiga loma arT HAE patogengzg, paplasinot izpratni
par slimibas norisi un potencialajiem biomarkieriem (Kaplan & Maas, 2017; Singh &
Bernstein, 2022; Wang & Zhi, 2022).

Pasreizgja kliniskaja praksé metaboloma analize nav ieklauta HAE diagnostikas
algoritma. Tradicionalas diagnostiskas metodes, kas ietver C1 inhibitora kvantitativo un

funkcionalo analizi, ka arT genétisko parbaudi, joprojam ir galvenie diagnostikas riki, bet tie

33



lauj identificét tikai I un II tipu. Tomér pétijumi norada uz metabolo biomarkieru potencialu
tikt izmantotiem dazadu slimibu, tostarp HAE, diagnostika, slimibas fenotipa noteikSana,

smaguma pakapes prognozeSana un terapijas efektivitates izverteéSana (Trifonova et al., 2023).

1.21. Peétijuma identificeto potencialo metabolo biomarkieru teorétisks parskats

1.21.1. Cistins

Cistins ir disulfidsaturosa diaminskabe, kas veidojas cisteina molekulu oksidativas
dimerizacijas rezultata. Sim metabolitam ir vairakas bitiskas fiziologiskas funkcijas organisma.
Ka glutationa biosintézes priekStecis tas ir svarigs antioksidantu aizsardzibas sist€émas
komponents. Cistins ar1 veido disulfida saites, kas ir bitiskas olbaltumvielu strukttru
stabilizacija. Imtinas sist€émas reguléSana cistins nepiecieSams gan T-limfocitu proliferacijai,
gan makrofagu funkcionalajai aktivitatei. Vairakos pétljjumos ir noveérotas cistina
koncentracijas izmainas dazados patologiskos procesos, tostarp hroniskos iekaisuma stavoklos.
Sis izmainas var biit saistitas ar paaugstinatu oksidativo stresu un antioksidantu sistémas

aktivitates trauc€jumiem (Lewerenz et al., 2013).

1.21.2. I1zovalerilkarnitins

Izovalerilkarnitins (CS5) pieder 1sas kédes acilkarnitiniem, kas veidojas L-karnitina
esterifikacijas reakcija ar izovalerinskabi (3-metilbutanskabi) — leucina katabolisma galveno
starpproduktu. Sis process notick mitohondriju membranas, kur to katalizé fermenti
karnitinpalmitoiltransferaze =~ un  izovalerinskabes-CoA  dehidrogenaze. = Organisma
izovalerilkarnitinam ir divas galvenas fiziologiskas funkcijas. Pirmkart, tas nodroSina
izovalerinskabes transportu mitohondrijos, kur ta pec [-oksidacijas tiek parveidota par
acetil-CoA un ieklauta Krebsa cikla energijas razosanai. Otrkart, tas veicina organisko skabju
eliminaciju caur urinu, samazinot to toksisko uzkrasanos audos. Izovalerilkarnitina limenis
asinls un urina atspogulo leucina metabolisma intensitati un mitohondrialo funkciju.
Sis metabolits ir saistits ar energijas metabolismu, jo tas piedalas taukskabju oksidacijas
procesos, nodrosinot $tinu energétiskas vajadzibas. Ta koncentracijas izmainas var rasties
gan mitohondrialu disfunkciju, gan aminoskabju metabolisma traucgjumu rezultata

(Smith-Byrne et al., 2022).

1.21.3. Hidroksiprolins

Hidroksiprolins (OH-Pro) ir aminoskabe, kas veidojas, hidroksilgjot prolina atlikumus
kolagéna molekulas. To veic divi galvenie enzimi: prokollagéna-prolina 4-hidroksilaze
(kas ir atkariga no dzelzs joniem un askorbinskabes) un prokollagéna-prolina 3-hidroksilaze.

Organisma dominé trans-4-hidroksi-L-prolina forma, kas veido apméram 90 % no kopgja
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hidroksiprolina daudzuma, kame@r trans-3-hidroksi-L-prolins ir daudz retak sastopams.
Hidroksiprolinam ir iz8kiroSa nozime kolagéna struktiiras un funkcijas nodroSinasana. Katra
kolagéna tipa I molekula atrodas aptuveni 100 hidroksiprolina atlikumi, kas veido tidenraza
saites ar citam aminoskabém, tadgjadi nodrosinot kolagéna Skiedru termisko un mehanisko
stabilitati. Turklat hidroksiprolins ir galvenais kolagéna katabolita produkts, kas padara to par
nozimigu biomarkieri saistaudu un kaulu metabolisma izpétg. Literatiira hidroksiprolina Iimena
izmainas ir dokumentétas dazados patologiskos procesos, kas saistiti ar saistaudu parmainam,
tostarp hroniskos ickaisuma stavoklos un audu remodel&sanas traucgjumos. Sis izmainas var
rasties kolagéna sint€zes vai noardiSanas procesu traucgjumu rezultata (Hu et al., 2022; G. Wu

etal., 2011; Z. Wuetal., 2019).

1.21.4. Asparaginskabe

Asparaginskabe (L-asparaginskabe) ir dibaziska, polara aminoskabe, kas organisma
pilda vairakas butiskas funkcijas. Ka viena no galvenajam glikogénam aminoskabém ta ir
svariga oglekla un slapekla metabolisma saistiSana. Urincikla ta piedalas arginina un urinvielas
sintéz€, kas ir bitisks slapekla savienojumu parveides un izvadiSanas mehanisms.
Metaboliskajos procesos asparaginskabe veidojas no oksaloacetata vai caur transaminacijas
reakcijam, un ta var parversties atpakal par oksaloacetatu, tadejadi iesaistoties gan
glikoneogenéze, gan Krebsa cikla. Ta ir arT svarigs citrullina un asparagina priekstecis, kas
izskaidro tas nozimi olbaltumvielu biosintéz€. Asparaginskabes limena izmainas var but
saistitas ar vairakiem patologiskiem procesiem, tostarp trauc€jumiem slapekla metabolisma,
energijas razo$anas procesu parmainam, olbaltumvielu katabolismu un oksidativa stresa

palielinasanos (Holecek, 2023b).

1.21.5. Asparagins

Asparagins ir viena no 20 standarta o-aminoskabém, kas iesaistita olbaltumvielu
biosintéz€. Organisma ta var tikt sintez&ta no asparaginskabes. Asparaginam ir nozimiga loma
olbaltumvielu struktiiras stabiliz€Sana un intracelulara slapekla Iidzsvara uzturéSana.
Amidgrupa ta sanu kede sp€j veidot Uidenraza saites, kas veicina proteinu terciaras un kvartaras
struktiiras veidoSanos. Ta ka asparagins ir hidrofilas dabas savienojums, tas biezi lokalizgjas
proteinu virspusé un ir iesaistits mijiedarbiba ar tidens molekulam vai citam polaram
struktiiram. Turklat asparagins ir butisks N-saistitas glikozilacijas procesa substrats. Asparagins
ir sastopams daudzos biologiskajos Skidrumos un audos, un ta koncentracija var mainities
atkariba no $tinu metabolisma stavokla. Metaboliskajos pétijumos asparagina Iimenis biezi tiek
analizets kopa ar citam aminoskabém, lai izvertétu vielmainas celu aktivitati, slapekla bilanci

un proteinu apmainas procesus organisma (Yang & Zubarev, 2010).
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1.21.6. Glicins

Glicins ir vienkar§aka no visam a-aminoskabém. Tas tiek sintezéts galvenokart no
serina. Glictnam ir nozime olbaltumvielu biosintéz€, 1pasi struktiirproteinos, pieméram,
kolagéna, nodroSinot ta struktiiras kompakto un stabilo telpisko izkartojumu. Glicins ir purinu
un porfirinu sintézes starpprodukts. Tas veido glutationa sastavdalu, kam ir nozimiga
antioksidativa funkcija Stinas. Glicins darbojas arT ka inhib&joSs neirotransmiters muguras
smadzen€s un smadzenu stumbra, kur tas saistas ar specifiskiem glicina receptoriem un regulé

neiromuskularo impulsu parvadi (Razak et al., 2017).
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2. Materiali un metodes

2.1. Pétljuma dalibnieku ieklauSana

Lai nodroSinatu visaptveroSu Latvijas datu vakSanu un analizi un lai efektivi izpétitu
kliniskas izpausmes un genétiskos faktorus, saistitus ar HAE, pétijums ietver gan retrospektivu,
zinamos Latvijas pacientus, kuriem kliniski un biokimiski noteikta HAE diagnoze. Kopuma
seSi pacienti ar HAE I/II. Iegiiti dati no mediciniskajiem ierakstiem. P&tijuma prospektivaja
faze veikta So pacientu padzilinata izmekl&Sana, iegtti papildu dati par slimibas kliniskajam
izpausmeém, pétijuma ieklauti So pacientu radinieki skrininga veikSanai un pacienti, kuriem
klmiski bija aizdomas par HAE diagnozi. P&tijuma gaita diagnoze apstiprinata vél seSiem
pacientiem, kopskaita pétijuma ieklauti 12 HAE unikalie pacienti. Diviem no pacientiem HAE
diagnoze atklata pirmas pakapes radinieku skrininga laika. Pacientiem, kuriem HAE diagnoze
atklata nejausi, HAE Iidz 2025. gada maijam, slimibai raksturigie simptomi nav attistijusies,
tadel Sie pacienti netika ieklauti lielakaja dala kliniskas izpétes, tostarp slimibas aktivitates,
smaguma pakapes, provocgjoso un citu faktoru izpéte. Pacienti ar citu veidu tiskam, tostarp
idiopatiskas, bradikinina, tuklo $Gnu medictas, neskaidras genézes angioedémas, un veseli
individi ieklauti kontroles grupas.
e-pastu vai telefona zvanu starpniecibu tika uzsakta aptauja alergologu, imunologu,
dermatologu, pediatru, gimenes arstu u. ¢. specialistu vida. Specialisti aptaujas laika un vietéja
meéroga konferenc€s informéti par slimibas kliniskajam izpausmé&m, diagnostikas un terapijas
iespgjam. Lai par slimibas biitibu inform&tu Latvijas iedzivotajus, tika izveidota majaslapa
www.angioedema.lv un informacija izplatita interneta medijos, tad€jadi pacientus ar HAE
lidzigam izpausmém aicinot apmekl&t atbilstosu specialistu (HAE, 2025).

HAE diagnoze tika noteikta, pamatojoties uz pacientu un vinu gimenes loceklu
anamnézi, komplementa C4 limeni, C1 esterazes inhibitora Iimeni, C1 esterazes inhibitora
aktvitati un genétisko izmekl&jumu datiem saskana ar sniegtajam WAO/EAACI 2021. gada
vadlinijam (Maurer et al., 2022).

Kopuma pétijuma ieklauti 100 individi, tostarp 45 pacienti ar kliniskam aizdomam par
HAE, 20 HAE pacientu pirmas pakapes radinieki, 15 ieprieks izmekl&ti pacienti ar idiopatiku
jeb angioedému bez zinama iemesla metaboloma kontroles grupai, 20 veseli individi
metaboloma kontroles grupa. Visiem pétamo grupu dalibniekiem, kopuma 80, veikta
laboratoriska izmekléSana, nosakot C4, C1-INH Iimeni un aktivitati, 38 pacientiem veikta

genéetiska izmeklesana, 45 individiem veikta metaboloma noteikSana, 12 pacienti ar apstiprinatu
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HAE ieklauti kliniskas izp€tes sadala. Precizaks dalibnieku sadalijums grupas aprakstits katras

izmekl&Sanas sadala.

2.2. Klinisko datu ievakSana

No mediciniskajiem ierakstiem un intervijas veida iegiti dati par pacientu dzimumu,
dzim$anas datumu, svaru, augumu, gimenes anamnézi, informacija par slimibas kliniskajam
izpausmém, t.sk. vid&jo wuzliesmojumu skaitu gada, tusku lokalizaciju, biezakajiem
uzliesmojuma izraisitajiem, arstéSanas veidu un efektivitati, vecumu, kad pirmo reizi
paradijusies slimibai raksturigie simptomi, un vecumu, kad noteikta HAE diagnoze. legiiti dati
par  hroniskam  blakusslimibam, ieskaitot  kardiovaskularas, = psihoemocionalas,
dermatologiskas, respiratoras un sistémiskas patologijas. Termins “pozitiva gimenes
anamnéze” pienemts gadijuma, kad vienas gimenes ievaros HAE diagnoze apstiprinata vairak
neka vienam gimenes loceklim. Termins “negativa gimenes anamnéze” pienemts gadijuma, ja
gimen& HAE diagnoze apstiprinata tikai vienam individam. Termins “hospitalizacija” pienemts
gadijuma, kad pacients saistiba ar HAE diagnozi nonacis neatlickamas uznemsanas nodala vai
stacionéts.

HAE kliniska raksturojuma parskata ieklauti visi zinamie Latvijas pacienti ar kliniski,
biokimiski un genétiski apstiprinatu HAE diagnozi Iidz 2025. gada maijam. Pacienti bez
genétiski apstiprinatas HAE kliniska raksturojuma parskata netika ieklauti. Tapat kliniska
raksturojuma parskata sadalas, kas attiecas uz slimibas aktivitati, smaguma pakapi,
provocgjoSiem un citiem faktoriem, netika ieklauti divi individi bez slimibas simptomiem.

Klmiskas ainas parskats veidots, apkopojot informaciju kop$§ pirmajam slimibas
pazimém. Apkopota informacija par vidéjo HAE uzliesmojumu skaitu gada kop$ pirmo
simptomu paradiSanas. Pasreiz€ja slimibas aktivitate gada griezuma (t. i., uzliesmojumu skaits,
to smaguma pakape, tiisku lokalizacija) apkopota par pédgjiem 12 meéneSiem (t. 1., kops
2024. gada 1.maija Iidz 2025.gada 30. aprilim). Slimibas aktivitate vertéta tikai

10 simptomatiskiem pacientiem.

2.3. Terapijas efektivitates izvérteSana

No mediciniskajiem ierakstiem, intervijas veida un no pacientu aizpilditam anketam tika
iegiita informacija par HAE arstéSanu uzliesmojumu laika un lietoto medikamentu efektivitati.
Arsté3anas efektivitate tika novertéta ka: bez efekta, vajs, vidéjs un augsts efekts. ArstéSanas
efektivitati Cetros Itmenos subjektivi noverteja katrs pacients. Katram efekta Itmenim tika
sniegts skaidrojums (Nordenfelt et al., 2016):

1. Arstésana bez efekta. PEc terapijas uzsakSanas netika novérotas izmainas simptomu

smaguma. Pacienta dzives kvalitate un vispargja labsajiita nemainas.
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24.

. Vaj§ arstésanas efekts. Neliels simptomu uzlabojums, kas nav pietiekams, lai biitiski

mainitos pacienta vispargjais stavoklis. Uzliesmojuma laika nelieli uzlabojumi

ikdienas rutina, bet tie nav pietiekami, lai biitiski uzlabotos pacienta dzives kvalitate.

. Vidgjs arstésanas efekts. Simptomu uzlabojums, kas ievérojami uzlabo pacienta

vispargjo stavokli un dzives kvalitati. Uzliesmojuma ilgums un simptomu smagums

ievérojami samazinas.

. Augsts arstéSanas efekts. Bitisks simptomu uzlabojums vai pilniga izzuSana neilgi

peéc medikamenta sanemsSanas. Pacienta vispar€jais stavoklis netiek ietekméts, un

dzives kvalitate uzliesmojuma dé] netiek samazinata.

Tapat cCetros limenos tika izveértéta sanemta istermina un ilgtermina profilakse

(Launay et al., 2023; Nordenfelt et al., 2016):

1.

Profilakse bez efekta. llgtermina profilakse bez biitiska slimibas gaitas uzlabojuma,
uzliesmojumu un to smagumu skaits gandriz nemainigs. Uz istermina profilakses
fona attistas HAE uzliesmojums. Pacienta dzives kvalitate nemainiga, ikdienas

aktivitates ir ierobezotas tapat ka pirms profilaktiskas terapijas.

. V3aj$ profilakses efekts. Neliels simptomu uzlabojums uz ilgtermina profilakses fona,

bet tas nav pietickams, lai bitiski mainitos pacienta vispargjais stavoklis.
Uzliesmojums ir 1slaicigaks vai mazak izteikti simptomi, bet slimiba joprojam butiski
ietekmé pacienta dzives kvalitati. Istermina profilakse nedaudz samazina

uzliesmojumu smagumu un ilgumu, bet tie joprojam attistas.

. Vidgjs profilakses efekts. Butiska uzliesmojumu biezuma vai simptomu smaguma

samazinasanas, kas ievérojami uzlabo pacienta vispargjo stavokli. [evérojams dzives
kvalitates uzlabojums, lai gan joprojam var bt periodiski simptomi. Uz stermina
profilakses fona uzliesmojumi parsvara neattistas vai to smagums un ilgums ir biitiski
samazinajies.

Augsts profilakses efekts. Pilniga vai gandriz pilniga uzliesmojumu izzuSana, kas
ievérojami uzlabo pacienta vispargjo stavokli. levérojami uzlabojusies pacienta
dzives kvalitate, kas lauj pilniba atgriezties ierastaja ikdienas rutina. Uz istermina

profilakses fona uzliesmojumi neattistas.

Laboratoro paraugu ievakSana un izmekleSana

P&étijuma dalibniekiem no periférajam vénam (vena cephalica vai basilica) ievakti asins

paraugi EDTA (etilendiamintetraacetinskabi) saturoSos vakuuma stobrinos (BD Vacutainer

K2E, 3,5 mL), riipigi ieverojot standartizétas paraugu ievaksanas procediiras. Pirms punkcijas

adas virsma tika dezinficéta ar 70 % izopropilspirtu, un péc parauga ievakSanas stobrina saturs
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samaisits, lai noverstu parauga sabiezeéSanu. levaktie paraugi markéti ar unikalu identifikacijas
kodu un ievakSanas datumu, pec tam tie centrifugéti 4000 apgr./min. 15 miniites +4 °C
temperatiira, izmantojot Rotina 420R centrifugu (Hettich, Vacija). Péc centrifugéSanas paraugi
uzmanigi parlieti sterilas polipropiléna epruvetés (Sarstedt, Vacija), izvairoties no Sinu
kontaminacijas, un nekav€joties sasaldéti —80°C zemas temperatiiras ledusskapi
(Thermo Scientific, ASV), kur tie uzglabati lidz analizei.

C1 inhibitora funkcionala aktivitate noteikta ar hromogena substrata metodi, izmantojot
Sysmex CS-2500 analizatoru (Siemens Healthineers, Vacija) un Berichrom CI-Inhibitor
reagentus, kur par referento vértibu diapazonu pienemts 70-130 %. Savukart komplementa
komponenta C4 un C1-INH koncentraciju noteikSanai izmantota nefelometriska metode,
izmantojot Atellica NEPH 630 analizatoru (Siemens, Vacija) ar N Antiserum to Human
C1-Inhibitor/C4 reagentiem, kur C1-INH fiziologiskais referento vértibu diapazons pienemts
0,21-0,39 g/L, bet komplementa C4 — 0,12-0,36 g/L. Lai izslégtu iegiitas angioedémas
diagnozi, pacientiem ar idiopatisku un neskaidru angioedému papildus noteiktas antivielas pret
C1q komponentu, izmantojot ELISA (cietfazes enzimu imunosorbences testa) metodi saskana
ar razotdja instrukcijam. ST analize veikta svaiga asins seruma vai paraugd, kas sagatavots
saldeéSanai saskana ar raZotaja noteikto protokolu. Pozitivam antivielam pret C1q ir nozimiga
diagnostiska vertiba, jo tas norada uz autoimiinu procesu, kas saistits ar C1 inhibitora deficitu.
Visas analizes veiktas Paula Stradina Kliniskas universitates slimnicas Apvienotaja
laboratorija, katra analizu sérija ieklaujot 1iekS€o kvalitates kontroles paraugu
(Bio-Rad Liquichek Immunology Control, Vacija), lai nodroSinatu rezultatu precizitati un
atkartojamibu.

Lai p&c iesp€jas mazinatu potencialas kliidas, stingri ieveroti visi paraugu sagatavosanas
un uzglabaSanas protokoli, veikta paraugu stabilitates parbaude, ka ari regulari kalibréti

izmantotie analitiskie instrumenti.

2.5. Anketas dzives kvalitates, slimibas aktivitates un kontroles noteikSanai

Lai spriestu par angioedémas pacientu dzives kvalitati, slimibas aktivitati un kontroli,
izmantotas S§im nolilkam paredzEtas standartiz€tas anketas — atbilstoSi Quality of Life
Questionnaire for Patients with Recurrent Swelling Episodes (AE-QoL), Angioedema Acivity
Score (AAS) un Angioedema Control Test (AECT). Anketas originalvalodas (vacu un anglu)
izstradajusi kompanija MOXIE GmbH (MOXIE, 2025). Péc kompanijas noteikta validacijas
protokola anketas §1 p€tijuma ietvaros tika latvieSu valoda validétas 2022. gada marta un oficiali
apstiprinatas lietoSanai kliniskaja prakse. Validacijas procesa rezultata anketas ir sertificétas un

rekomendgétas izmantoSanai gan veselibas apriipes specialistiem ikdienas kliniskaja prakse, gan
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pétniekiem zinatniskos pétijumos, nodrosinot standartiz€tu un uzticamu instrumentu kliniskas

novértésanas vajadzibam (MOXIE, 2025).

2.5.1. Dzives kvalitates novertésana

Quality of Life Questionnaire for Patients with Recurrent Swelling Episodes (AE-QoL)
un tas jautajumi sniedz visaptverosu prieksstatu par HAE un cita veida angioedému ietekmi uz
pacienta dzivi, tad€jadi veicinot personalizétu un efektivaku arstéSanas planu izstradi. AE-QoL
ietver Cetrus domeénus:

1. Funkciong$ana: izverte, cik liela méra HAE ietekmé pacienta sp&ju veikt ikdienas

aktivitates un pienakumus.

2. Nogurums/garastavoklis: izverte, cik liela méra HAE ietekmé pacienta energijas

limeni un emocionalo labsajiitu.

3. Uzturs: izverte uztura ierobeZojumus un &Sanas griitibas slimibas dél.

4. Bailes/kauns: izverte, cik liela mera pacientu ietekmé bailes par iesp&jamiem HAE

uzliesmojumiem un kaunu iziet sabiedriba tusku del.

Katrs no Siem doméniem ietver vairakus jautajumus. Katrs jautajums anketa tiek
novertéts pec Likerta tipa skalas, kas ietver atbildes izvéles: nekad, reti, reizém, bieZi, loti biezi.
Visas atbildes summeétas, lai iegiitu kop&jo punktu skaitu. Kopgjais punktu skaits parversts skala
no 0 Iidz 100, kur 0 norada uz labako iesp&jamo dzives kvalitati (nav ietekmes) un 100 norada
uz vissliktako iesp&jamo dzives kvalitati (maksimala ietekme). AE-QoL anketas aizpildiSana
veikta 2025. gada aprili ar klatienes vai telefona interviju palidzibu (Broderick et al., 2025;

R. Sharma et al., 2025).

2.5.2. Angioedémas kontroles novértéSana

Angioedémas kontroles noteikSanai izmantots Angioedema Control Test (AECT).
Angioedémas kontroles testa aprékinasana ietver Cetrus jautajumus, péc ka noverté slimibas,
Saja gadijuma HAE, pazimes un simptomus un tas ietekmi uz pacienta dzivi, arstéSanas
efektivitati un slimibas prognozgjamibu. Katra jautajuma atbildes tiek vertétas 5 punktu skala
(no 0 Iidz 4), kur augstaks punktu skaits norada uz labaku slimibas kontroli. Kopgjais punktu
skaits var biit no 0 11dz 16. Ja pacienta kopg€jais punktu skaits ir 10 vai vairak punktu, tas liecina
par labi kontrolétu slimibu, bet mazak par 10 punktiem — uz sliktu slimibas kontroli
(Bork, Anderson et al., 2021; Weller et al., 2020). Sis tests izstradats, lai sniegtu vienkarSu un atru
veidu, ka novertet slimibas kontroli, tad€jadi nepiecieSamibas gadijuma mainot arstéSanas taktiku
(Bork, Anderson et al., 2021; Weller et al., 2020). AECT var izmantot diviem dazadiem laika

periodiem: lai izvertetu slimibas kontroli pe€d&jo Cetru ned€lu vai pedgjo tris ménesu periodam.
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AECT par pedgjo 4 nedelu un pedejo 3 menesu posmu veikts 2025. gada aprili klatienes vai telefona

intervijas (Chularojanamontri et al., 2023; Mak et al., 2024; Schmaier et al., 2017).

2.5.3. Angioedémas aktivitates un smaguma pakapes noveérteéSana

Angioedema Activity Score (AAS) anketa ir raditdjs, ko izmanto, lai noveértetu
angioedeémas aktivitati, Saja gadijuma HAE pacientiem. AAS palidz objektivizét simptomu
ietekmi uz pacienta dzivi un ikdienas aktivitatém noteikta laika perioda. AAS aprékina,
izmantojot ikdienas vai ikned€las simptomu registracijas dienasgramatu, kura pacients
sistematiski atzimeé angioed€mas epizozu skaitu. Dienakts laiku, kura attistijusies angioedéma,
fizisko diskomfortu, ikdienas aktivitasu ierobezojumus, tiiskas ietekmi uz izskatu un simptomu
smaguma pakapi (nav simptomi, viegla, mérena, smaga) nosaka péc atbildém uz pieciem
jautajumiem. Par katru jautajumu tiek pieskirti punkti no 0 Iidz 3. Katras dienas punktu summu
aprékina, saskaitot visus iegiitos punktus. Dienas maksimalais punktu skaits ir 15. Lai iegiitu
kop€jo AAS punktu skaitu noteiktam laika periodam (1 ned€lai vai 4 nedélam), saskaita visu
dienu kopgjo punktu skaitu. Biezak izmanto AAS28, kas atspogulo HAE aktivitati ¢etru nedélu
jeb 28 dienu perioda. Maksimalais AAS28 punktu skaits ir 420 (15 punkti 28 dienas).

AAS28 interpretacija:

1. Zema slimibas aktivitate: mazak par 15 punktiem nedéla (mazak par 60 punktiem

cetru ned€lu perioda).

2. Vidgja slimibas aktivitate: 15-30 punkti nedéla (60-120 punkti Cetru ned€lu

perioda).

3. Augsta slimibas aktivitate: vairak neka 30 punkti nedé€la (vai vairak neka 120 punkti

cetru ned€lu perioda) (Greve et al., 2022; Schmaier et al., 2017).

AAS galvenais meérkis ir palidzeét specialistiem labak izprast slimibas gaitu,
uzliesmojumu biezumu un smagumu, uzraudzit arst€Sanas efektivitati un pielagot terapiju péc
nepiecieSamibas (Mendivil et al., 2021).

AAS HAE pacientiem noteikta ¢etru nedélu jeb 28 dienu perioda 2025. gada aprila un
maija ménes.

Lai salidzinatu datus ar citu p€tijumu datiem, miisu petijuma apskatiti pec iesp&jas
dazadi slimibas intensitates un smaguma pakapi noteicosie faktori. Atkariba no uzliesmojumu
skaita ped&jo 12 ménesu laika HAE iedalita ka asimptomatiska (bez uzliesmojumiem), viegla
(1-3 uzliesmojumi gada), vidéja (4-11 uzliesmojumi gada) un smaga (12 un vairak
uzliesmojumu gada).

Noteikta slimibas smaguma pakape pec mediana uzliesmojuma biezuma gada kop$

pirmajiem HAE simptomiem:
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1. 1-5 wuzliesmojumi gada: norada uz vieglu slimibas formu ar saméra retiem
uzliesmojumiem.

2. 611 uzliesmojumi gada: norada uz vidgji smagu slimibas formu ar mérenu
uzliesmojumu biezumu.

3. 12-24 uzliesmojumi gada: norada uz smagu slimibas formu ar bieziem
uzliesmojumiem.

4. > 24 uzliesmojumi gada: norada uz loti smagu slimibas formu ar loti bieziem
uzliesmojumiem, kas var bitiski ietekm& pacienta dzives kvalitati

(Chularojanamontri et al., 2023; Mak et al., 2024; Schmaier et al., 2017).

2.6. Blakusslimibu noteik$ana hereditaras angioedémas pacientiem

Petfjuma ieklautajiem simptomatiskiem HAE pacientiem (n=10) veikta vispusiga
blakusslimibu analize ar galveno uzsvaru uz kardiovaskularajam, psihoemocionalam,
dermatologiskam, respiratorajam un sistémiskam patologijam. Datu ieguve balstijas uz riipigu
retrospektivu  medicinisko dokumentacijas analizi, kas ietvéra slimibas v@stures datus,
detalizétu klinisko anamn@zi, laboratorisko un instrumentalo izmekl€umu rezultatus,
specialistu  konsultaciju secinajumus, ka ari standartiz€tu psihoemocionala stavokla
novertéjumu, izmantojot validétas diagnostiskas metodes.

Trauksmes novert€sanai tika lietota generalizétas trauksmes skalas (Generalized
Anxiety Disorder-7, GAD-7) metode — standartizéts psihometriskais instruments, kas lauj
kvantitativi noteikt trauksmes simptomu smaguma pakapi un to dinamiku. Sis skalas izvéli
pamato tas augsta diagnostiska precizitate un plaSais lietojums kliniskaja prakse. Papildus tam
visi blakusslimibu diagnostiskie kritériji atbilst starptautiski atzitam kliniskam vadlinijam un

klasifikacijas sistemam (Kertz et al., 2013).

2.7. Hereditaras angioedémas diagnozes un tas tipu noteikSana

Pacientiem ar HAE diagnozi tika noteikts HAE I tips, ja C4 limenis bija zem referenta
intervala (< 0,12 g/L), C1-INH limenis bija zem referenta intervala (< 0,21 g/L) un C1-INH
funkcionala aktivitate zem referenta intervala (< 70 %). Pacientiem tika noteikts HAE II tips,
ja C4 limenis bija zem referenta intervala (< 0,12 g/L), C1-INH limenis bija referenta intervala
ietvaros (0,21-0,39 g/L) vai virs ta (> 0,39 g/L) un C1-INH funkcionala aktivitate zem referenta
intervala (<70 %). Pacientiem tika noteikts nC1-INH HAE tips, ja C4 limenis bija referenta
intervala ietvaros (0,12-0,36 g/L), CI1-INH Iimenis bija referentd intervala ietvaros
(0,21-0,39 g/L), C1-INH funkcionala aktivitate bija referenta intervala ietvaros (70-130 %) un

diagnoze apstiprinata ar genétisku testéSanu.
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2.8. Kontroles grupas

Tika izveidotas divas kontroles grupas: veseli individi un pacienti ar citas genézes
rekurentam angioedémam, t. sk. idiopatiskam, bradikinina medi€tam, tuklo Stiinu mediétam,
neskaidras genézes angioedémam. Metaboloma analizei izmantotas kontroles grupas ar
veseliem individiem ar atbilstoSu dzimumu un p&c iespgjas atbilstoSu vecumu p&tamas grupas

dalibniekiem.

2.9. Latvijas populacija

Dati par Latvijas demografiskajiem raditajiem ieguti no Latvijas Centralas statistikas
parvaldes datubazes (2025. gada aprilis). Punkta prevalence tika izteikta ka dzivi pacienti uz
100 000 iedzivotaju noteikta laika posma (2025. gada aprilis) (Centrala statistikas parvalde, 2025).

2.10. Gengetiska izmekleSana

HAE pacientu genétiskajai izp&tei tika pielietota daudzpakapju molekulara diagnostikas
pieeja saskana ar starptautiskajam vadlinijam (WAO/EAACI, 2021) (Maurer et al., 2022).
Sakotngja diagnostiska pieeja ietvéra zinamo HAE saistito génu kod€joso sekvencu analizi,
koncentrgjoties uz SERPING1 génu, kas kod€ C1 inhibitoru un ir atbildigs par lielako dalu HAE
tipa [ un II gadijumu. Genétisko variantu noteikSanai tika izmantota Sangera sekvencéSana, kas
lauj precizi identificét punktveida variantus. Vienam HAE I tipa pacientam izmantota MLPA
metode SERPINGI génam, kas sniedz iesp&ju atklat lielakas delécijas vai duplikacijas. MLPA
veiksanai tika izmantots MRC Holland reagentu komplekts P243-B1, ar razotaja protokolu, o
protokolu nemodificgjot.

Pacientiem ar neskaidras etiologijas angioedému, kuriem netika konstatéti patogéni
SERPING] varianti, tika veikta paplasinata genétiska analize, ieskaitot F12, PLG, ANGPTI
génu rajonu parbaudi, lai izslégtu retakus HAE variantus. SekvencéSanai izmantotie praimeri
tika atlasiti, balstoties uz publicétiem protokoliem (skatit 2.1. tabula), un reakcijas veiktas,
izmantojot Big Dye Terminator 3.0 reagentu komplektu, péc razotaja protokola, So protokolu
nemodificgjot. legiitas sekvences tika analiz€tas, salidzinot ar cilvéka references genomu.

Kliiska interpretacija lidzigi ka ES un GS gadijuma.
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Gadijumos, kad pacientiem ar aizdomam par HAE I/II tipu, veicot Sangera sekvencéSanu,
netika identificeti patogéni varianti, tika veikta GS, lai izpétitu iesp&jamos intrag€niskos un
ekstrageéniskos nekod€joSos punktveida un strukturalos variantus SERPINGI géna, kuri varétu
ietekmét C1-INH ekspresiju, ka arT analizetas citu ar HAE saistitu génu secibas.

Pacientiem ar aizdomam par nC1-INH HAE péc negativas genétiskas izmeklé$anas
rezultatiem, veicot Sangera sekvencéSanu F'/2, PLG, ANGPTI génu rajoniem, tika parskatitas
diagnozes, lai noteiktu alternativu simptomu c€loni. Pacientiem, kuriem bija pozitiva atbildes
reakcija uz antihistaminu terapiju ar standarta devu, devas palielinaSanu lidz Cetrkarsai vai
omalizumabu, noteikta AE-MC diagnoze un turpmaka gené&tiska izmeklé$ana netika veikta.
Gadijumos, kad pacientiem ar aizdomam par nCI-INH HAE netika noteikts alternativs
simptomu célonis, tika veikta ES ar SNV un CNV analizi aprakstitajos nC1-INH HAE
(kandidata) génos (12, PLG, ANGPTI, KNGI, MYOF un HS3S76). Genétiskas izmekl&Sanas

metozu sadaltijumu pacientu grupas skatit 2.1. attéla.

HAE /11 nC1-INH HAE
A 4 y
Sangera sekvencesana SERPING Sangera sekvencésana F'12, PLG,
geénam ANGPTI génu rajoniem
A
Negativs Pozitivs Negativs*

v v v
GS (nekodgjosi ES (analizgjot F12, PLG,

punktveida un strukturali ANGPTI, KNG1, MYOF un
varianti HAE) HS3ST6)

Apstiprina
diagnozi

2.1. attels. Gengetiskas izmekléSanas pieeja un metoZu sadalijums pacientu grupas

HAE U/II — hereditaras angioedémas 1. un 2. tips; nC1-INH HAE — hereditara angioedéma ar
normalu C1 inhibitoru; /2 — koagulacijas faktora XII géns, PLG — plazminogéna géns;
ANGPTI — angiopoetina-1 géns; KNGI — kininogéna-1 géns; MYOF — mioferlina géns;

HS3ST6 — heparana sulfata—glikozamina 3-O-sulfotransferazes 6 géns; GS — genoma sekvencésana;
ES — eksoma sekvencésana; * bez atlernativa simptomu c€lona

Identificetie varianti tika interpretéti, izmantojot starptautiskas datubazes (ClinVar) un
bioinformatikas rikus, un to patogenitate tika vertéta saskana ar Amerikas Medicinas genétikas

un genomikas koledzas (ACMG) standartiz€tajiem kriterijiem (ClinVar, 2025; Richards et al.,
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2015). S1 diagnostikas stratégija nodroginaja visaptverosu HAE genétisko profilu, laujot precizi
diferencét zinamos, ka ar jaunus patogénus variantus, kas veicina gan diagnostikas precizitati,

gan individualo terapijas strat€giju izstradi.

2.11. Metaboloma analize

Saja darba tika veikta metabolitu panela noteik$ana asinis pétama (HAE) un kontroles
(veselie individi) grupas, lai identific€tu potencialus HAE slimibas biomarkierus. Metaboloma
petijuma tika ieklauti 10 pacienti ar C1-INH HAE, 15 pacienti ar idiopatisku angioedému un
20 veseli individi. Metaboloma noteikSanas bridi Latvija bija 10 zinami HAE pacienti. Lai p&c
iesp€jas mazinatu iesp&jamas novirzes, metabolitu svarstibas atSkirigu parauga ievakSanas
apstaklu dgl, visiem pacientiem paraugi nemti secigi viena diena. Diviem vélak diagnosticétiem
HAE pacientiem metaboloma noteikSana atseviSki netika veikta.

Identificéto biomarkieru specifiskums validéts citas genézes angioedému grupa
(idiopatiskas). Idiopatiskas jeb angioedémas bez zinama, identific€jama iemesla ka kontroles
grupa izveletas ar noliiku péc iespgjas izslégt potenciali metabolomu ietekmgjosSus faktorus —
blakusslimibas un to arstéSanai lietotos medikamentus. P&tljuma ietvaros sakotn&ji planots
noteikt faktorus un to kombinacijas, kas saistiti ar HAE smaguma pakapi un reagéSanu uz
terapiju. Neliela pacientu skaita dé] un nevienmériga grupu sadalijuma dgl to nebija merktiecigi
veikt. Sada pétijuma veik3anai nepieciesams lielaks pacientu skaits, sadarbojoties ar citu valstu
specialistiem.

Metabolitu noteikSana veikta asins seruma bezsimptomu perioda, t. i., vismaz 8 dienas
pé€c angioedémas epizodes. Asins paraugs nemts EDTA konservantu saturosa stobrina
(BD Vacutainer), punktgjot apaksdelma virspus€jo vénu. Stobrini mark@ti ar parauga nemsanas
datumu un pacienta identifikaciju. Plazmas atdaliSanai veikta parauga centrifugé€Sana ar atrumu
4000 apgriez./min., +4 C°, 15 minites. legiitais paraugs parnests jauna, sterila stobrina,
izvairoties no Stnu kontaminacijas, un 30 mintsSu laika sasaldéts —80 C° uzglabasanai lidz
analizei. 200 uL asins seruma parauga pievienoti 800 uL. metanola, veikta vortekséSana
10 sekundes, kratiSana 20 miniites ar atrumu 450 apgriez./min. un cetrifugéSana 10 miniites
10 000 g. 100 pL parauga ekstrakta zaveti, izmantojot centrbé€dzes vakuuma tvaicetaju. legttie
paraugi rekonstitueti 200 uL. metanola, pievienoti 20 puL izotopiski ieziméta iek$gja standarta
maisijuma. P&c tam paraugi parnesti uz HPLC (augstas veiktsp€jas Skidruma hromatografijas)
flakoniem un izmantoti LC-MS analizei.

Metabolitu analizei izmantota merk&ta kvantitativa LC-MS metode. No 52 mérktiecigi
analiz€tajiem metabolitiem, kas ietver aminoskabes, ar aminoskab&m saistitus metabolitus un

acilkarnitinus, 33 tika detekteti un kvantificéti visos pétijuma paraugos. Sie metaboliti tika
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1zvEleti, jo tos rutina, izmantojot masas spektrometrijas metodi, nosaka kliniskajas laboratorijas
jaundzimuso skrininga izmekl€Sanai.

LC-MS analize tika veikta, izmantojot Dionex 3000 HPLC sisteému (Thermo Scientific),
kas savienota ar Orbitrap Q Exactive (Thermo Scientific) masas spektrometru.

Hromatografiskai atdaliSanai tika izmantota ACQUITY UPLC BEH Amide, 1,7 pm,
2,1 x 100 mm analitiska kolonna (Waters, ASV) ar VanGuard: BEH CI8, 2,1 x5 mm
priekskolonnu (Waters, ASV). Kolonnas temperatura bija 40 °C, parauga injekcijas tilpums —
2 uL. Lai nodroSinatu hromatografisko sadalijumu, tika izmantota gradienta elu€sana, kustiga
faze A — tidens ar 0,15 % skudrskabi un 10 mM amonija formiatu — un kustiga faze B — 85 %
acetontrils ar 0,1 % skudrskabi un 10 mM amonija formiatu. Plismas atrums bija 0,4 mL/min.,
un kopgjais analizes laiks 17 minttes. Orbitrap Q Exactive masas spektrometrs tika izmantots
metabolitu detektéSanai, tas darbojas ar $adiem parametriem: jonizacijas avots — ESI pozitivais,
spriegums 3,5 kV, iztvaic€Sanas temperatiira 400 °C, kapilara temperatiira 350 °C, aux gazes
plusma 12, sheat gazes plisma 50. MS skené€Sanas rezims: full scan apgabala no 50 lidz 400
m/z, izskirtsp&ja 35 000, AGC meérki — 1e6, maksimalais IT — 50 ms. Datu apstradei tika
izmantota programmatiira TraceFinder 4.1 (Thermo Fischer Scientific, ASV). Taja izveidota
paraugu apstrades metode, kura definéti analiz€jamo savienojumu aiztures laiki un m/z vertibas.
KvantificéSanai tika izmantota septinu punktu lineara kalibracijas likne ar ieks$gjo
standartizaciju un 1/x sveérSanu. Metaboliti identificéSana veikta peéc A Iimena atbilstosi

pienemtajam vadlinijam (Alseekh et al., 2021).

2.12. Statistiska analize

Petijuma veiktajai statistikas analizei tika izmantoti Microsoft Office Excel datu
apstradei un organizeSanai, ka ari /BM SPSS Statistics versija 23, MetaboAnalyst 5.0 un
GraphPad Prism 9.0 statistikas analizei. Nemot véra retas slimibas raksturu un nelielo izlases
lielumu, analizé galvenokart izmantotas neparametriskas statistikas metodes. Procentuala datu
att€losana lava veikt salidzinoSu analizi ar citu valstu p&tijjumiem, nodro$inot iegtito rezultatu
salidzinamibu starptautiska liment.

Klinisko datu analizg ieklauti visi registrétie Latvijas pacienti ar HAE, kuriem diagnoze
ir kliniski, biokimiski un genétiski apstiprinata lidz 2025. gada maijam. Slimibas punkta
prevalence aprékinata ka dzivo pacientu skaits uz 100 000 iedzivotaju noteikta laika posma
(2025. gada aprilis). Aprekins balstits uz Latvijas Centralas statistikas parvaldes datiem par
1 862 700 iedzivotaju Saja perioda.

Metabolitu analizei, kas veikta ar LC-MS metodi, pielietota PCA, lai novertetu kopgjas

metabolitu profila atSkiribas starp p&tijuma grupam. Grupu salidzinaSanai izmantots T-tests un
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izmainu salidzinos$a analize. Papildus veikta ROC (Iémumu pienems$anas Iiknu) analize, lai
novertétu potencialo diagnostisko vertibu. Visos statistikas testos nozimiguma Iimenis noteikts
p < 0,05 un datu vizualizacijai izmantoti kastu diagrammu, svitrgrafu un PCA grafiki.

Nemot véra izlases lieluma ierobeZojumus, analiz€ lietotas atbilstoSas statistikas
korekcijas metodes daudzkart§jiem salidzinajumiem. Pacientu dzives kvalitates, slimibas
kontroles un aktivitates novérté€Sanai izmantotas validétas AE-QoL, AAS un AECT anketas,
kuru rezultati analizeti, izmantojot aprakstosas statistikas metodes. Katra pacienta dati tika
detalizeti analiz€ti individuali, lai nodrosSinatu vispusigu slimibas gaitas un diagnostikas procesa

izpratni.
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3. Rezultati

P&tijuma iegltie rezultati iedalami trijas sadalas — klmniskie dati, genétiska atrade un

metabolie biomarkieri.

3.1. Hereditaras angioedémas prevalence Latvija

Petijuma gaita biokimiski un genétiski HAE diagnoze Latvija tika apstiprinata
12 pacientiem (astonas sievietes, Cetri viriesi). Saskana ar Oficialas statistikas portala datiem
2025. gada aprila ménest Latvija bija 1 862 700 iedzivotaju (Centrala statistikas parvalde, 2025).
HAE prevalence Latvija ir 0,64 uz 100 000 iedzivotaju.

3.2. Hereditaras angioedemas tipi
No 12 HAE pacientiem 10 apstiprinats HAE I tips, vienam pacientam HAE II tips un
vienam pacientam nC1-INH HAE tips.

3.3. Demografiskie un kliniskie hereditaras angioedémas pacientu dati

Medianais Latvijas HAE pacientu vecums ir 40 gadi (IQR: 36,5-58,9, diapazons 1-65,
n=12).

Medianais vecums Latvija, kad HAE pacientiem pirmo reizi paradijusies simptomi, bija
15 gadi (IQR: 6,25-16,75, diapazons 643, n = 10). Sievietem tas bija 15 gadi (IQR: 6-17,
diapazons 643, n = 8), virieSiem ar HAE simptomiem tie pirmo reizi paradijusies 6 un 16 gadu
vecuma.

Medianais vecums, kad tika noteikta HAE diagnoze, bija 39 gadi (IQR: 25,5-49,8,
diapazons 1-53, n = 12), sievieteém tas bija 45,5 gadi (IQR: 35,25-52, diapazons 19-53, n = 8§),
virieSiem ar HAE simptomiem diagnoze tika noteikta attiecigi 39 un 30 gadu vecuma, bet
virieSiem, kuriem HAE simptomi nav bijusi, biokimiska un genétiska skrininga izmekl&juma
rezultata diagnoze atklata attiecigi 26 gadu un b&rnam viena gada vecuma.

Medianais laiks kop$ slimibas pirmajiem simptomiem un diagnozes noteikSanas bija
24 gadi (IQR: 14,75-34,5, diapazons 9-37, n=10), sieviettm mediani 28,5 gadi
(IQR: 11,5-35,25, diapazons 9-37, n = 8), virieSiem laiks kop$ pirmajiem simptomiem lidz

apstiprinatai HAE bija 24 un 23 gadi.

3.4. Gimenes anamneéze
12 pacienti tika identific€ti no astonam savstarpgji nesaistitam gimeném. Astoniem
pacientiem ir pozitiva gimenes anamnéze un HAE diagnoze radiniekiem apstiprinata ari

biokimiski un genétiski.

50



3.5. Hereditaras angioedémas kliniskas ainas raksturojums

Kops pirmajiem HAE simptomiem medianais uzliesmojumu skaits gada bija 29 (IQR:
8,548, diapazona 2—-60, n = 10), sievieteém mediani bija 29 uzliesmojumi gada (IQR: 9,5-48.5,
diapazona 2—-60, n = 8), virieSiem 48 un divi uzliesmojumi gada. Uzliesmojumu skaits gada
kops HAE sakuma tika iedalits Cetras kategorijas, lai uzskatami atainotu samera lielo pacientu
skaitu ar bieziem slimibas uzliesmojumiem: 1-5; 6-11; 12-24; > 24 uzliesmojumi gada.
Diviem no deviniem pacientiem gada laika ir vidgji 1-5 slimibas uzliesmojumi, trijiem
pacientiem 6-11 uzliesmojumi un pieciem pacientiem >24 uzliesmojumi gada laika.
12—24 uzliesmojumi gada netika novéroti nevienam no simptomatiskiem pacientiem.

Pedejo 12 meénesu laika 10 pacientiem bija vismaz viens slimibas uzliesmojums,
medianais skaits gada 29 (IQR: 4-48, diapazona 2-60, n=10), sieviettm mediani
29 uzliesmojumi (IQR: 848, diapazona 2-60, n=_8), virieSiem attiecigi 48 un viens
uzliesmojums ieprieksgja gada.

Atkariba no uzliesmojumu skaita péd&jo 12 ménesSu laika noteikta HAE intensitate.
Ta iedalita ka asimptomatiska (bez uzliesmojumiem), viegla (1-3 uzliesmojumi gada), vid€ja
(411 uzliesmojumi gada) un smaga (12 un vairak uzliesmojumu gada). Viegla slimibas
intensitate noveérota diviem pacientiem, vid€ja — trijiem, bet smaga — pieciem pacientiem.

Pacientiem ar HAE uzliesmojumiem iepriek§€jos 12 méneSos kopuma mediani bija
50 slimibas dienas (IQR: 20-87, diapazona 6-240, n = 10), sieviettm mediani 55 slimibas
dienas (IQR: 40-108, diapazona 6—240, n = 8), virieSiem ar HAE simptomiem ieprieks€ja gada
laika bija attiecigi 50 un seSas slimibas dienas.

No visiem 12 HAE pacientiem dzives laika hospitalizeti tikusi 10 cilveki. Tie ir visi
pacienti, kuriem kaut reizi bijusi HAE simptomi. Medianais hospitalizaciju skaits dzives laika
HAE del bijis divas reizes (IQR: 2-8,25, diapazona 1-20, n=9), sievietem 2,5 reizes
(IQR: 1,75-11,25, diapazona 1-20, n = 8). Abi viriesi dzives laika HAE dg] hospitalizeti katrs
divas reizes.

Simptomatiskiem HAE pacientiem (n=10) apkopota informacija par tiisku
lokalizaciju. Adas tiiska skarusi visus simptomatiskos HAE pacientus. Tapat bieZi sastopama
lupu tiiska — deviniem pacientiem. Mé&les tiiska, abdominala un elpcelu tiiska kaut reizi dzive
bijusi septiniem HAE pacientiem. Visretak sastopama bijusi urogenitala tiska —
trim pacientiem.

Tika izvertéti ar1 prodromalie simptomi. No deviniem pacientiem, kuriem prodromalie
simptomi, visbiezak nov@rots nogurums, parest€zija/sapes — astoniem pacientiem, sapes
védera — septiniem pacientiem. Slikta diSa bijusi trim pacientiem, bet diviem pacientiem dzives

laika noverota erythema marginatum.
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3.6. Provocgjosie faktori

Astoniem pacientiem ar HAE simptomiem novéroti provocgjosie faktori. Ka biezakais
HAE uzliesmojuma provocgjosais faktors noverots psihoemocionals stress — pieciem
pacientiem, tam seko trauma — trim pacientiem, kirurgiskas vai dentalas manipulacijas —
diviem pacientiem, menstruacijas — vienam pacientam. Infekcijas slimibas ka provocgjoso

uzliesmojuma faktoru atziméjis viens pacients.

3.7. ArsteSana

Paslaik Latvija HAE uzliesmojumu kupéSanai pieejams bradikinina B2 receptoru
antagonists (Icatibant) un svaigi saldéta plazma.

Bradikinina B2 receptoru antagonists (Icatibant) uzliesmojuma kupé&Sanai tika lietots
10 pacientiem. Visi pacienti vid€jo terapijas efektu ar So medikamentu vertejusi ka augstu.
Divi pacienti HAE uzliesmojuma kupéSanai saneémusi svaigi saldétu plazmu. Terapijas efekts
vertets ka vajs. Dazadu ar HAE uzliesmojumu saistitu sapju mazinasanai divi pacienti sanémusi
nesteroidos pretiekaisuma lidzeklus un opioidus. So medikamentu efektivitate vertéta ka vaja.
Glikokortikoidi HAE uzliesmojuma kupéSanai lietoti astoniem pacientiem, bet antihistamini
(. sk. Cetrkarsa to deva) deviniem pacientiem. ArstéSanu ar Siem medikamentiem visi pacienti
vertgjusi ka neefektivu.

Latvija 1stermina un ilgtermina profilaksei Sobrid pieejama SSP (svaigi saldeta plazma),
antifibrinolitiski Iidzekli (traneksamskabe) un novajinati androgéni (Danazol). Divi pacienti
Istermina profilaksei pirms kirurgiskas vai dentalas manipulacijas sanémusi SSP. Abi pacienti
profilakses efektu veértgjusi ka vaju. Antifibrinolitiskos Iidzeklus ka ilgtermina profilakses
lidzekli saneémusi tris pacienti. Profilakses efekts vertets ka vidgjs. Tapat HAE ilgtermina
profilaksei tris pacienti sanémusi novajinatus androgénus. So medikamentu profilaktiskais

efekts vertets ka vidgjs.

3.8. Dzives kvalitate

Péc AE-QoL anketas datiem, lielakais kopg€jais punktu skaits bija 58,83, bet zemakais —
0. Petijuma ieklautajiem HAE pacientiem visvairak skartais doméns bija emocionalie
trauc&jumi — bailes/kauns, uzradot visaugstako vid&jo rezultatu 46,67 % (diapazona no 0 lidz
83,33), kas liecina par izteiktu slimibas ietekmi uz pacientu emocionalo labsajutu.
Nogurums/garastavoklis uzradija videjo rezultatu 33,5 %, noradot uz ievérojamu pacientu
nogurumu un vitalitates zudumu. Uztura ierobezojumu doméns uzradija vid€jo rezultatu
32,5 %, kas arT liecina par biitisku ietekmi uz pacientu dzives kvalitati. Funkcion&Sana bija
vismazak skartais doméns ar vid€jo rezultatu 22,5 %, kas raksturo salidzinosi mazaku ietekmi

uz pacientu sp&ju veikt ikdienas aktivitates.
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3.9. Angioedemas kontrole

Izmantojot validéto AECT anketu, veikta slimibas kontroles izveértéSana ped€jo Cetru
ned€lu un pedgjo tris ménesu periodos.

Vertgjot kop&jo punktu skaitu katra laika perioda, secinats, ka AECT kontrole Latvija
gan 4 nede€lu, gan 3 ménesu perioda ir lidziga, attiecigi mediani 10,1 (diapazona no 4 lidz 16)
un 10 (diapazona no 5 Iidz 15). Kopgjais punktu skaits 10 vai vairak liecina par labi kontroletu

slimibu.

3.10. Angioedemas aktivitate

Izmantojot validéto AAS anketu, veikta angioedémas aktivitates izveértéSana HAE
pacientiem ped&jo 28 dienu perioda. SeSiem HAE pacientiem pédg€jo Cetru nedelu laika bijusi
slimibas uzliesmojumi. Nosakot slimibas aktivitati peéc AAS, Siem seSiem pacientiem ta bijusi

zema vai vid€ja (diapazona no 10 Iidz 70 punktiem).

3.11. Blakusslimibas hereditaras angioedémas pacientiem

Simptomatiskiem HAE pacientiem (n = 10) visbiezak sastopama blakusslimibu grupa
bija psihoemocionalie trauc&jumi, kuros generalizéta trauksme konstatéta trim pacientiem,
vidgja smaguma trauksmes simptomi novéroti diviem pacientiem, bet vieglas trauksmes
pazimes — pieciem pacientiem.

Dermatologisko patologiju analizé psoriaze tika diagnosticéta diviem pacientiem.

Respiratoro slimibu vida bronhiala astma registréta diviem pacientiem. Sist€misko
slimibu spektrs ietvéra vielmainas un gatrointestinala trakta slimibas, kuras konstatétas vienam
pacientam, ietverot hiperholesterinemiju, gastritu, taukaino hepatozi un gastroezofagealo
atvilni.

Kardiovaskularo patologiju izpausme bija relativi reta, ar arterialo hipertensiju novérotu
tikai vienam pacientam.

Neirologisko traucgjumu klasta karpala kanala sindroms novérots vienam pacientam.

Sim pacientam konstatéti arT psihoemocionali trauc&jumi.

3.12. Genetiska izmeklesana

Kopuma genétiska izmeklésana veikta 38 pacientiem. Visiem pacientiem sakotngji
veikta Sangera sekvencéSana, parbaudot SERPING1 génu un regionus F12, ANGPTI un PLG
génos, kuros 1idz $im aprakstiti patogéni varianti saistiba ar HAE. Ja patogéns variants netika

identificéts, veikta nakamas paaudzes sekvencésana: trim pacientiem GS un deviniem ES.
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3.12.1. Genetiska izmeklésana hereditaras angioedemas I/II tipa pacientiem

Identificétie patogenie varianti atspoguloti 3.1. tabula.

Sakotnéji veikta standarta genétiska izmekléSana, izmantojot Sangera sekvencéSanu
SERPINGI génam 12 pacientiem — astoniem pacientiem ar kliniskam un laboratoriskam
aizdomam par HAE I tipu (samazinats gan C1-INH limenis, gan C1-INH aktivitate; pacienti
Nr. 2; 3;5;6; 8;9; 10 un 11) un Cetriem pacientiem ar kliniskam un laboratoriskam aizdomam
par HAE II tipu (C1-INH normals vai paaugstinats, bet samazinata C1-INH aktivitate, pacienti
Nr. 1; 13; 14 un 15).

Patogéni varianti SERPINGI géna ar standarta genétiskas izmekleSanas metodi tika
identific€ti septiniem no astoniem pacientiem ar HAE I (pacienti Nr. 2; 3; 5; 6; 8; 9 un 11) un
vienam no Cetriem pacientiem ar HAE II (pacients Nr. 1), apstiprinot diagnozi arT molekulari.
Visiem pacientiem, kuriem HAE diagnoze apstiprinata molekulari, bija kliniskas HAE
izpausmes.

No identific€tajiem patogéniem variantiem par diviem ir zinojumi datubaze ClinVar un
tie aprakstiti literatlira, par vienu aprakstits literatiira, Cetri saskana ar pieejamo literatiiru
identificeti ka jauni, iesp€jami patogeéni varianti. L1dzigi ka citos zinojumos, patogénie varianti

galvenokart lokalizeti 7. un 8. eksona.
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Trim HAE I/II pacientiem, kuriem ar Sangera sekvenc€Sanu netika atklati patogéni
varianti zinamos génos, tika veikta GS, lai atklatu retas nekod€josus un strukturalus variantus
(pacienti Nr. 10; 13 un 14). Siem trim pacientiem tika veikta GS, sakotngji koncentrgjoties uz
kodgjosiem SNV (viena nukleotida variantiem) un CNV (kopiju skaita variantiem) SERPING I
gena, péc tam analizgjot citus strukturalus variantus un nekod€joSos SNV tikai zinamos ar HAE
saistitos génos. Vienam HAE I tipa pacientam ar SERPING1 géna 7. eksona del&ciju genétiski
diagnoze tika apstiprinata tikai ar GS, ko lietoto algoritmu dél neizdevas atklat ar Sangera
sekvencésanu (pacients Nr. 10). 7. eksona delécija velak tika apstiprinata, veicot MLPA analizi
SERPING] genam.

Diviem pacientiem (divas gimenés) ar HAE /Il pat péc strukturalo variantu un
nekodgjosu génu dalu analizes netika konstatéti patogéni génu varianti (pacienti Nr. 13 un 14).
Tas lika Sos pacientus novérot, vert€jot dinamika gan klinisko ainu, gan analizu rezultatus —
specifiskus HAE un atbilstoSus citam angioedému izraiso§am slimibam un stavokliem.
Péc diviem gadiem vienam no Siem pacientiem (pacients Nr. 13) seruma olbaltuma
elektroforéz€ tika konstateta paraproteinu klatbuitne. Iepriek§ veiktajos seruma olbaltuma
elektroforézes izmeklgjumos paraproteini netika konstateti. [zmainas asins analizés norada uz
alternativu simptomu etiologiju, tadé] mainita diagnoze — iegiita angioedéma. Pacientam tika
noteiktas arT Clq antivielas, kas bija samazinatas, apstiprinot iegiitas angioedémas diagnozi.

Pacientam Nr. 14 ar aizdomam par HAE II C1 aktivitates funkcija atkartotos
izmeklgjumos normaliz&jas (C1-INH aktivitate iepriek§ bija samazinata), tadél bija
nepiecieSams parskatit diagnozi. Pacientam paslaik kliniski apstiprinata diagnoze — angioedéma
bez zinama iemesla.

GS var ne tikai atrisinat iepriek$ neatrisinatus gadijumus, bet arl negativas atrades
gadijuma liek parskatit diagnozi, meklgjot alternativu iemeslu pacienta simptomiem.

Pacientam Nr. 15 ar aizdomam par HAE II diagnozi, kuram ar standarta genétiskas
izmekl&Sanas metodi neizdevas identificét patogénu variantu, plasaka genétiska izmekleSana
netika veikta. Sim pacientam vélak tika atklata HIV (cilvéka imiindeficita virusa) diagnoze, kas
Sobrid uzskatams par vienu no iemesliem méreni samazinatai C1-INH aktivitatei. Ta ka HIV
ka iemesls nav ietverts angioedému klasifikatora un pacientam nav C1-INH deficita, diagnoze
tiek definéta ka angioedéma bez precizi zinama iemesla. Turklat pacients paslaik lieto
kombinétu antihipertensivo terapiju, kuras sastava esoSie AKEI var biit ka recidivéjosas tuskas

iemesls vai tas provocgjosais faktors.
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3.12.2. Genetiska izmeklésana pacientiem ar nC1-INH HAE

Genétiskai izmekleSanai pétijuma ieklauti art 24 pacienti, kuriem ir aizdomas par
nCl1-INH HAE diagnozi, t.1i., pacienti ar recidivéjosSu tusku, kas nepadodas terapijai ar
antihistaminiem un glikokortikoidiem, abdominalu tasku un/vai pozitivu gimenes anamngzi.
Visiem pacientiem sakotngji veikta Sangera sekvencésana F/2, ANGPT1, PLG génu regioniem,
kuros aprakstiti patogéni varianti (pacienti Nr. 12; 16-38), un astoniem pacientiem (pacienti
Nr. 31-38) ar1 ES, koncentrgjoties uz kodéjoso SNV un CNV analizi aprakstitajos nC1-INH
HAE (kandidata) génos (F12, PLG, ANGPTI, KNGI, MYOF un HS3ST6 génos). Pacientiem,
kuriem noteikts alternativs simptomu c€lonis AE-MC, turpmaka genétiska izmekléSana netika
veikta (pacienti Nr. 16-30). Vienam pacientam (pacients Nr. 12) ar Sangera sekvencéSanu
atklats patogéns variants PLG géna, apstiprinot nC1-INH HAE diagnozi. Tika identificéts
variants NM_000301.5(PLG):c.988A>G p.(Lys330Glu), kas ir registréts datubazé ClinVar
(RCV001507288.7) un aprakstits ieprieks (Bork, Wulff et al., 2020). Variants tika identificéts
sievietei, kurai ir 40 gadi un konstatéti [idz 10 uzliesmojumiem gada. Pargjiem pacientiem p&c
standarta un paplasinatas gené&tiskas izmekléSanas interes€josajos génos netika atklati (ticami)
patogéni vai reti neskaidras nozimes varianti. P&c §$Tm genétiskajam analizém visiem pacientiem
tika veikts visaptveroSs slimibas klinisko izpausmju atkartots noveértéjums, ka rezultata tika
parskatita vinu diagnoze, uzmanibu pieverSot ari recidivéjosam angioedémam gimenes
anamnéz€. Angioedémas iemesla parveértéSanas gaita péc negativa genctiskas izmekléSanas
rezultata pacientiem tika diagnostic@ta iegilita angioedéma (AAE-C1INH), tuklo Stinu mediéta
angioedéma (AE-MC), medikamentu inducéta angioedéma (AE-DI) vai angioedéma bez
zinama iemesla (AE-UNK). Precizaks pacientu diagnozu parskats péc negativas genétiskas

izmekl&Sanas rezultatiem atspogulots 3.2. tabula.

3.2.tabula
DiagnoZu parskats pacientiem ar negativu genétiskas izmekléSanas rezultatu
= S Genétiska izmekleSana
Pacients Sakotneja Sangera ’ Galeja diagnoze
diagnoze - GS ES
sekvencéSana
13. HAE 11 negativs negativs - AAE-C1INH
14. HAE I negativs negativs - AE-UNK
15. HAE 11 negativs negativs - AE-ACEIVAE-UNK
16. nCI1-INH HAE negativs — - AE-MC
17. nCI1-INH HAE negativs — - AE-MC
18. nC1-INH HAE negativs — - AE-MC
19. nC1-INH HAE negativs — - AE-MC
20. nCI1-INH HAE negativs — - AE-MC
21. nCI1-INH HAE negativs — - AE-MC
22. nCI1-INH HAE negativs — - AE-MC
23. nCI1-INH HAE negativs — - AE-MC
24, nC1-INH HAE negativs — - AE-MC
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3.2. tabulas turpinajums

= S Genétiska izmekleésana
Pacients Sa.kotneja Sangera ’ Galgja diagnoze
diagnoze Ty GS ES
sekvenceSana
25. nC1-INH HAE negativs — - AE-MC
26. nC1-INH HAE negativs — - AE-MC
27. nC1-INH HAE negativs — - AE-MC
28. nC1-INH HAE negativs — - AE-MC
209. nC1-INH HAE negativs — - AE-MC
30. nC1-INH HAE negativs — - AE-MC
31. nC1-INH HAE negativs — negativs AE-UNK
32. nC1-INH HAE negativs — negativs AE-UNK
33. nC1-INH HAE negativs — negativs AE-UNK
34, nC1-INH HAE negativs — negativs AE-UNK
35. nC1-INH HAE negativs — negativs AE-UNK
36. nC1-INH HAE negativs — negativs AE-UNK
37. nC1-INH HAE negativs — negativs AE-UNK
38. nC1-INH HAE negativs — negativs AE-UNK

HAE II — hereditaras angioedeémas 2. tips; nC1-INH HAE — hereditara angioedéma ar neizmainitu C1 inhibitoru;
AAE-CI1INH - iegiita angioedéma; AE-UNK — angioedéma bez zinama iemesla; AE-MC — tuklo §inu mediéta
angioedéma; AE-ACEI — angiotenzina konvertgjosa enzima inhibitoru izraisita angioedéma; GS — genoma
sekvencéSana; ES — eksoma sekvencéSana.

3.12.3. Genetiska izmeklesana hereditaras angioedémas pacientu radiniekiem

Identificgjot patogénu genétisko variantu, tas tika parbaudits ari citiem gimenes
locekliem ar slimibas simptomiem. Bet Tpasi jauzsver kaskades genétiska testéSana arT gimenes
locekliem bez 11dz $im noverotiem kliniskajiem simptomiem.

Gengétiski izmekléti tika arT divi HAE pacientu pirmas pakapes radinieki, lai izprastu
slimibas parmantoSanas mehanismus, spriestu par slimibas gaitu atkariba no atklata patogéna
varianta, identific€tu iesp&jamos riska faktorus, kas Ipasi svarigi pacientiem pienemt informetus
lémumus par gimenes planosanu un péc iespgjas savlaicigu potencialu arstésanu diagnozes
apstiprinasanas gadijuma. Abi radinieki sakotngji tika parbauditi ka veseli gimenes locekli.
Atkartoti noteikti laboratoriskie izmekl&jumi noradija uz pazeminatu CI-INH Ilimeni un
aktivitati. Genétiska analize atklaja patogénu variantu SERPINGI géna (pacienti Nr. 4 un 7),
molekulari apstiprinot Iidz $im asimptomatisku HAE I diagnozi. Viens no radiniekiem
(pacients Nr. 7) ir bérns, kas ne tikai atkartoti uzsver biokimiskas skrininga izmekléSanas,

bet arT kaskades genétiskas testéSanas nozimi, péc iespéjas savlaicigi atklajot HAE diagnozi.
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3.12.4. Patogeno variantu saistiba ar slimibas gaitu

Ta ka tika analizéta un aprakstita skaitliski neliela HAE pacientu grupa, netika novérotas
atSkiribas starp kliniskajiem simptomiem, tisku lokalizaciju, slimibas smaguma pakapi,
uzliesmojumu intensitati, tisku reag€Sanu uz terapiju, prodromaliem simptomiem,

provocgjosiem faktoriem un starp genétisko atradi.

3.13. Metaboloma analizes rezultati

Petijuma tika veikta mérketa kvantitativa metabolitu analize, izmantojot LC-MS metodi.

No 52 meérktiecigi analiz€tiem metabolitiem 33 metaboliti, ieskaitot aminoskabes,
acilkarnitinus un biogé€nos aminus, tika noteikti un kvantificéti visos paraugos. Bitiskas
atSkiribas starp analiz€jamam grupam (HAE pacienti, pacienti ar idiopatisku angioedému jeb
angioedému bez zinama iemesla un veseli individi) netika konstatétas, noradot, ka katras grupas
kopgjie metabolitu profili bija lidzigi.

Analizgjot metaboloma pétijuma ieklauto individu fenotipiskas pazimes (dzimums,
vecums, KMI) un angioedémas gaitas Ipatnibas (tisku lokalizaciju un uzliesmojumu
intensitati), netika konstatetas bitiskas korelacijas starp noteikto metabolitu Iimeniem un
fenotipiskajam pazimém vai slimibas gaitu. Fenotipisko pazimju analiz€ izmantotos datus skatit

3.3. tabula. Korelaciju karti skatit 3.1. attela.

3.3.tabula
Metaboloma pétijuma ieklauto individu raksturojums
HAE Idiopatiska AE Veseli individi
n 10 15 20
Sievietes 9 14 20
Viriesi 1 1 0
Medianais vecums g (IQR) 55 (35-62) 49 (34-56) 47 (23-67)
Medianais KMI kg/cm? (IQR) 26 (26-32) 26 (24-29) 26 (18-36)
Adas tiiska 10 15 0
Abdominala tuska 8 0 0
Elpcelu tuska 8 0 0
Ttskas epizozu skaits gada (IQR) 7 (2-39) 9 (2-13) 0

Datiem noradits medianais skaits un IQR. HAE — hereditara angioedéma; AE — angioedéma; KMI — kermena
masas indekss; IQR — starpkvartilu indekss
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3.1. attels. Metabolitu un fenotipisko ipasibu korelaciju karte

33 noteikto metabolitu un fenotipisko 1pasibu (vecums, svars, BMI — kermena masas indekss)
savstarpgja korelacija visiem metaboloma pétijuma ieklautajiem individiem, ieskaitot kontroles grupas
dalibniekus. Analizg netika konstat&tas statistiski nozimigas korelacijas

Izvertgjot atsevisku metabolitu koncentracijas dazadas pétijuma grupas, tika konstatetas
statistiski nozimigas atSkiribas starp HAE un idiopatiskas angioedémas pacientiem, ka ari
veselo individu kontroles grupu. Butiskakas atskiribas tika noveérotas cistina, izovalerilkarnitina
un hidroksiprolina Itmenos. Peétjjuma konstatets statistiski nozimigs cistina Itmena
samazinajums (p < 0,01) HAE pacientu grupa salidzinajuma ar kontroles grupu, kas liecina par
§T metabolita nozimi HAE patogenéze. Tapat konstatéts statistiski nozimigs izovalerilkarnitina
(C5) limena samazinajums (p < 0,01) HAE pacientu grupa salidzinajuma ar veselo kontroles
grupu, kas apstiprina C5 potencialo nozimi ka HAE biomarkieri. Analizéjot HAE pacientu asins
plazmas paraugus, konstatéts statistiski nozimigs hidroksiprolina Itmena paaugstinajums
(p <0,05) salidzinajuma ar veselo kontroles grupu. Petijuma konstatéts biitiski paaugstinats
asparaginskabes limenis (p < 0,01) HAE pacientiem salidzinajuma ar idiopatiskas angioedémas
pacientiem, kas norada uz tas potencialu ka diferencialdiagnostisku biomarkieri. Metabolitu

Iimenu atSkiribas starp grupam skatit 3.2. attela.
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3.2. attels. Metabolitu (hidroksiprolina, karnitina, kreatinina, glutaminskabes, glutamina,
izovalerilkarnitina, cistina, ornitina) limenu atSkiribas dazadas pétijuma grupas

CNT - kontroles grupa; AE — idiopatiska angioedéma; HAE — hereditara angioedéma
Lai objektivi novertétu atsevisku metabolitu diagnostisko vertibu, tika veikta ROC liknu
analize. Statistiska analize atklaja, ka metabolitu kombinaciju izmantoSana nodroSina
ievérojami augstaku diagnostisko precizitati (p < 0,01) salidzinajuma ar atsevisku biomarkieru
noteikSanu. No 11 pétitajiem metabolitiem, kuru AUC (laukums zem Iiknes) vertibas
parsniedza 0,7, 1pasi izcelamas divas specifiskas metabolitu kombinacijas. Pirmaja nozimigaja
kombinacija (hidroksiprolins x cistins) / (kreatinins x izovalerilkarnitins) ar robezvertibu

>27,13 uzradija augstu diagnostisko precizitati ar 100 % jutibu un 90 % specifiskumu.
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Otraja nozimigaja kombinacija glicina un asparagina attiecibai (Gly/Asn) > 3,763 tika
konstatéta 90 % jutiba un 85,7 % specifiskums HAE diferencéSanai no idiopatiskas
angioedeémas. Jaatzime, ka konstatetas metabolitu limenu atskiribas nav saistitas ar pacientu

vecumu. ROC analizi ar metabolitu kombinacijam skatit 3.3. attéla.

a b
ROC of OH-Pro*Cystine/Cr*IVC ROC of Gly/Asn
HAE v CNT AE v HAE
100+ -
100- -
2713009, 1) [
50 _ 80- 3.763(0.857, 0.9)
2 2 60 '
s 907 2
'E 40— 2 40-
n » " AUC=0.8786
» 20- AUC=0.9700 20- =0.
0- 0-
I I 1 I 1 1 | 1 1 1 1 1
0 20 40 60 80 100 0 20 40 60 80 100
100% - Specificity% 100% - Specificity%

3.3. attels. Biomarkieru ROC analize, nosakot metabolitu savstarpéjas kombinacijas

CNT - kontroles grupa; AE — idiopatiska angioedéma; HAE — hereditara angioedéma;
OH-Pro*Cystine/Cr*IVC — hidroksiprolins x cistins/kreatinins x izovalerilkarnitins;
Gly/Asn — glicins/asparagins; ROC — [émumu pienemsanas Iikne;

AUC — laukums zem lIiknes
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4. Diskusija

Promocijas darbs veltits HAE kliniskas daudzveidibas izpétei, genétisko iemeslu izpétei

un potenciali jaunu metabolo biomarkieru idendificéSanai.

4.1. Hereditaras angioedemas prevalence un kliniska daudzveidiba

P&c nacionala pétijuma datiem, Latvija ir diagnosticéti 12 HAE pacienti, kas ar
iedzivotaju skaitu 1 862 700 veido prevalenci 0,64 gadijumi uz 100 000 iedzivotaju. Salidzinot
ar vidgjo izplatibu pasaul€, kas ir 1 no 50 000 iedzivotaju jeb 2,0 gadijumi uz 100 000, Latvija
biitu sagaidami aptuveni 37 pacienti ar HAE diagnozi. ST atskiriba liecina par to, ka faktiska
prevalence Latvija ir zemaka, neka noradits literattira vai salidzinajuma ar citiem Eiropas valstu
pétijumiem (1,54/100 000 Zviedrija; 1,1-1,3/100 000 Spanija; 1,41/100 000 Danija;
1,54/100 000 Italija; 3,3/100 000 Austrija; 1,6/100 000 Vacija; 2,4/100 000 Slovakija;
1,9/100 000 Apvienotaja Karaliste; 1,5/100 000 Somija) (Bygum, 2009; H. J. Longhurst et al.,
2015; Nordenfelt et al., 2016; Roche et al., 2005; Schoffl et al., 2019; Zanichelli et al., 2015).
Amerikas Savienotajas Valstis zinota HAE prevalence ir aptuveni 1,29/100 000 iedzivotaju
(Fisch et al., 2025; Richards et al., 2015). Attistibas valstis HAE prevalence var biit zemaka,
tatu dati bieZi vien ir nepilnigi vai neprecizi. Pieméram, Afrikas un Azijas valstis HAE
prevalence ir zemaka par 1/100 000 iedzivotaju (Chularojanamontri et al., 2023; Fisch et al.,
2025; Hashimura et al., 2021; Honda et al., 2024; Mak et al., 2024; R. Sharma et al., 2025;
Wentzel et al., 2019). Zemaka HAE prevalence Latvija salidzinajuma ar citam attistitajam
valstim drizak skaidrojama nevis ar potencialajiem vides faktoriem, dzivesveidu, specifiskiem
genctikas faktoriem vai stipri ierobezotu pieejamibu specializétai mediciniskai apriipei, bet gan
ar nepietiekamu slimibas atpazistamibu un diagnostikas trikumiem. L1idz 2021. gadam Latvija
bija ierobezotas HAE diagnostikas iesp&jas. C1-INH Ilimena un aktivitates noteikSana bija
iesp&jama tikai arpus valsts, asins paraugu saldgjot un sttot analiz€Sanai uz Belgiju.
Tas diagnostiku ierobezoja, paildzinaja un sadardzinaja. Parauga analizéSanai cita valsti ir
vairaki trikumi. Pirmkart, C1-INH Iimena un aktivitates noteikSanai svariga preciza asins
parauga nonemsana un sagatavoSana, ieverojot precizas uzglabaSanas un transport€Sanas
norades. Vislabak paraugu uzglabat sasaldétu —80 C° temperattura. Ne visas laboratorijas un
medicinas iestad€s ir Sadas iesp&jas. Tapat parauga transportéSana —80 C° temperatiira rada
sarezgTjumus. Nosakot C1-INH Itmeni un aktivitati, saldé$ana un transportéSana var ietekmé&t
laika. Tas var radit neprecizus, visbiezak viltus negativus analizu rezultatus. Viltus negativi
analizu rezultati savukart rada maldus HAE diagnozes precizai noteikSanai, to pacientam ar

atbilstoSiem simptomiem nepamatoti izsleédzot no diferencialdiagnozu saraksta. Tapat parauga
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sitiSana uz citu valsti sausaja ledii var aiznemt ievérojamu laiku, kas aizkaveé diagnostikas
procesu un atbilstoSas terapijas uzsakSanu. SaldéSana un transportéSana uz citu valsti
izmekl&jumu krietni sadardzina, ieklaujot izmaksas par 1pasu uzglabasanai un transportéSanai
nepiecie$amu iepakojumu, kurjera pakalpojumiem, muitas procediiram. Sis izmaksas var bt
ieverojamas, 1pasi, ja testi javeic biezi (individuali katram pacientam). Izmaksas, kuras jasedz
paSam pacientam, var radit v€lmi analizi neveikt, tad€jadi radot iemeslu nediagnosticetai
slimibai. Turklat HAE diagnozes apstiprinasanai tests jaatkarto vismaz divas reizes, dubultojot
analizu izmaksas (Bocquet et al., 2025; Christiansen & Zuraw, 2023; Manning, 2020; Schoffl
et al., 2021). Paraugu transporté€Sana uz citu laboratoriju var apgriitinat kvalitates kontroles
procediiru ievérosanu. Dazadas laboratorijas var but atskirigi testi, reagenti, aprikojums un
standarti, kas var ietekmét rezultatu salidzinamibu un uzticamibu. P&tfjuma laika kops
2021. gada C1-INH Iimeni un aktivitati iesp&jams noteikt Latvija — Paula Stradina Kliniskas
universitates slimnicas Apvienotaja laboratorija, tad€jadi uzlabojot izmekl&juma precizitati un
samazinot viltus negativu rezultatu iesp&jamibu. Tas ierobezo pacientus no regionalam pilsétam
veikt C1-INH Iimena un aktivitates noteikSanu laboratorija uz vietas, tapéc ka alternativa
joprojam pastav iesp€ja asins paraugu nodot kada no E. Gulbja laboratorijas filialéem un
analiz€Sanai sasaldétu paraugu sitit uz Belgiju vai Paula Stradina Kliniskas universitates
slimnicu, paturot prata iesp&jamas nepilnibas, Sos imunologiskos raditajus nosakot cita
laboratorija, 1pasi, ja paraugs sasaldéts un transportéts ka ierasts —20 C° temperatiira.

Tapat pétijuma laika Latvija RSU Molekularas genétikas zinatniskaja laboratorija
uzsakta genétiska izmekléSana — Sangera sekvenc€$ana zinamos HAE génos, kas kopuma
uzlabojis HAE diagnostiku valsts méroga. Genétiska izmeklesana ne tikai palidz apstiprinat
HAE diagnozi, bet pacientiem ar nC1-INH HAE tas ir vienigais slimibu diagnostic€josais veids.

P&tijuma laika secinats, ka no zinamajiem Latvijas HAE pacientiem astonas ir sievietes,
bet Cetri ir viriesi. Tapat tika secinats, ka sievietém ir biezaki slimibas uzliesmojumi un vairak
slimibas dienu gada, kas sakrit arT ar citu petijumu datiem (Aygoren-Piirsiin et al., 2018; Kyrle
& Eichinger, 2024; Nordenfelt et al., 2016). HAE pacientu dzimumu proporcionalas atskiribas
varétu skaidrot ar vairakiem faktoriem un to kombinacijam. Sieviesu hormonalie faktori, Tpasi
estrogéna ltmenis, var pastiprinat HAE simptomus. Estrogéna limena pieaugums, kas rodas
menstruala cikla laika, grutniecibas laika vai estrogénu saturoSas peroralas kontracepcijas
lietoSanas dél, var izraisit biezakus un smagakus HAE uzliesmojumus neka virieSiem. Tapat
zinams, ka estrogéns var ietekm@t génu ekspresiju un funkciju, kas saistita ar C1-INH Iimeni
un aktivitati, tadgjadi radot lielaku simptomu smagumu un biezumu sievietém (Bouillet &
Gompel, 2013). Sievietes salidzinajuma ar virieSiem biezak apmeklé arstu un mekle

medicinisko palidzibu, kas savukart palielina iesp&u diagnosticét HAE. VirieSi péc
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mediciniskas palidzibas vérsas kitrak, tadéjadi radot nepietiekamu diagnostiku. Lai gan HAE
ir genétiska slimiba un tieck mantota neatkarigi no dzimuma, patogéno génu variantu izpausmes
un fenotips var atSkirties starp dzimumiem, radot sievietém biezakas un smagakas HAE
izpausmes, kas veicina augstaku diagnostic€Sanas biezumu. Janem veéra nelielais kopgjo
pacientu skaits, kas ierobezo precizu HAE izpausmju biezuma un smaguma izveértéSanu abiem
dzimumiem. Lai iegiitu lielaku izpratni par sievieSu Ipatsvaru HAE pacientém, biitu javeic
papildu petijumi.

No visiem pacientiem HAE I tips diagnostic€ts desmit pacientiem, kas atbilst 83,3 % no
C1-INH HAE. HAE II tips diagnostic€ts vienam pacientam, kas atbilst 16,7 % no CI1-INH
HAE, kas liela méra sakrit ar literatiiras datiem (attiecigi 85 % pret 15 %) (Aygoren-Piirsiin
et al., 2018; Cicardi et al., 2014; Lumry & Settipane, 2020; Proper et al., 2020). Nakas atkartoti
uzsvert, ka neliela pacientu skaita dél (kas ir visu reto slimibu probléma) ir griiti spriest par
precizu procentualo sadalijumu, tomér dati izteikti procentos, lai tos biitu iesp&jams salidzinat
ar literatiiras datiem. Viens pacienta gadijums ar nC1-INH HAE jeb 10 % no visiem HAE
pacientiem sastopamibas zina atbilst literattiras datiem (attiecigi 5-10 % no visiem HAE
gadfjumiem) (Christiansen et al., 2025; Magerl et al., 2025; Muna et al., 2024).

Lai gan HAE ir autosomali dominanta slimiba, aptuveni 20-25 % novérojami de novo
gadijumi (Batlle-Maso et al., 2025). P&tjjuma tika identificéti pacienti no astonam savstarpgji
nesaistitam gimeném, kopuma no viena lidz trim individiem katra gimeng. Pozitivai gimenes
anamnézei ir biitiska nozime HAE diagnostika. Lielakajai dalai pacientu tika veikta HAE
skrininga izmekléSana pirmas pakapes radiniekiem, nosakot C4 limeni, C1-INH Iimeni un
aktivitati. Diviem radiniekiem veikta arT kaskades genétiska test€Sana. Pateicoties skrininga
izmeklésanai, HAE tika atklata HAE pacientes délam, kuram HAE simptomi dzives laika lidz
vina 28 gadu vecumam nav bijusi. Tapat tika atklata HAE bérnam loti agrina vecuma. HAE
skrininga izmekl€Sana ir arkartigi nozimiga, samazinot neatlickamu, dzivibai bistamu
uzliesmojumu risku. HAE skrinings ir bitisks ne tikai simptomatiskiem individiem, bet ari
asimptomatiskiem HAE pacientu pirmas pakapes radiniekiem, jo savlaiciga slimibas atklasana
lauj nepiecieSamibas gadijuma uzsakt profilaktisko terapiju un pacientam nodroSinaties ar
vajadzigo informaciju un medikamentiem uzliesmojuma gadijuma. Biokimiskam skriningam
HAE pacientu radiniekiem tiek izmantotas tas pasas diagnostiskas metodes, kadas tiek lietotas,
lai diagnostic€tu un apstiprinatu slimibu, t. 1., C1-INH limenis ir kvantitativs tests, ar ko méra
C1 inhibitoru olbaltumvielu ITmeni asinis. Pazeminats ta Iimenis norada uz C1-INH deficitu,
attiecigi uz HAE I tipu. C1-INH funkcionalais tests nosaka CI1-INH funkcionalitati jeb
aktivitati. Samazinata C1-INH aktivitate norada uz disfunkcionalu C1-INH, attiecigi uz HAE

I vai II tipu. Komplementa C4 limena noteikSana: parasti HAE pacientiem C4 limenis ir
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samazinats, kas korel€ ar samazinatu C1-INH un/vai ta aktivitati (Grumach et al., n. d., 2025;
Manning, 2020; Rozevska et al., 2024). HAE radinieku izmekl&Sanai izmanto arT gené&tisko
izmeklésanu zinamos HAE génos — kaskades genétisko testésanu (Bocquet et al., 2025; Lyons
et al., 2023). Gengétiska izmekleSana sp€j ne tikai apstiprinat patogénus variantus SERPINGI
géna, bet ari identificét patogénus genétiskos variantus nC1-INH HAE gadijuma
(Bork, Machnig et al., 2020; Dias de Castro et al., 2024). Tada gadijuma genétiska izmekleSana
ir vienigais diagnozes noteikSanas veids. Zidainiem lidz 1 gada vecumam C1-INH limena un ta
aktivitates noteikSana nav jégpilna, jo merijumu rezultati bus neprecizi. C1-INH limenis un
aktivitate var biit mainigi, nestabili un neprecizi pirmaja dzives gada. To limeni var mainities
dazados attistibas posmos, padarot rezultatus neprecizus un griiti interpret€jamus. Zidainu
iminsisteéma un komplementa sist€mas komponenti vél attistas, tade] Sie testi nesniedz ticamus
rezultatus. Pirmaja dzives gada genctiska izmekl&Sana ir ieteicamaka, lai identificétu ar HAE
saistitus patogénus variantus, tad€jadi agrini nosakot precizu diagnozi un nepiecieSamibas
gadijuma uzsakot atbilstoSu terapiju. Agrina diagnozes noteikSana zidainiem ir svariga, lai
noveérstu dzivibai bistamas situacijas un uzlabotu b&rna dzives kvalitati. Pozitivas HAE
diagnozes gadijuma vecaki jaizglito par uzliesmojumu pazimém un arsteésanas iesp&jam. Mates
komplementa C4 Iimenim, C1-INH Iimenim un aktivitatei nav tieSas ietekmes uz zidaina
C4 vai C1-INH Iimeni un aktivitati. Zidainim Sie parametri tiek noteikti neatkarigi no mates un
tie ir vina pasa genétisko un biologisko faktoru rezultats. Ja zidainim ir simptomi, kas atbilst
HAE (pieméram, neizskaidrojamas tiskas epizodes, neizskaidrojamas kolikas), ieteicama
genétiska izmekléSana neatkarigi no gimenes anamnézes (Bocquet et al., 2025; Maurer et al.,
2022; Pagnier et al., 2024).

Latvija diemzel ir zema HAE skrininga aktivitate pacientiem ar neskaidram
angioedémam. Ipasi zema ta bijusi Iidz 2021. gadam, jadoma, C1-INH Iimena un aktivitates
ierobezotas noteikSanas del. Lai uzlabotu skrininga aktivitati, ieteicamas izglitibas kampanas,
informéjot veselibas apriipes specialistus un sabiedribu par HAE pazimém, simptomiem un
diagnostikas metodém. V&lams uzlabot piekluvi C1-INH Ilimena un aktivitates noteikSanai
pacientiem no regionalam pilsétam, uzlabot piekluvi genétiskai izmekl&$anai, ipasi gimeném ar
HAE anamnézi. Tapat Latvija un citviet pasaulé HAE skrininga izmekléSanu uzlabotu jaunu,
letaku, precizaku un viegli ikdienas kliniskaja praksé lietojamu laboratoro biomarkieru
ievieSana. Skriningu iesp&ams uzlabot ari, izveidojot un ievieSot viegli saprotamus
standartiz€tus vienotus skrininga un diagnostikas protokolus, algoritmus, tajos uzsverot
galvenas pazimes un simptomus, kas rada aizdomas par HAE, un ieviest rutinas skrininga testus
HAE pacientu pirmas pakapes radiniekiem, ka rekomendéts vadlinijas. Sie pasakumi var

palidzet agrini identificét un efektivak parvaldit HAE Latvija. Zemas skrininga aktivitates dél
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iesp&jams, ka dala HAE pacientu nav identificeti, Ipasi asimptomatiski pacienti vai pacienti ar
viegliem un retiem slimibas uzliesmojumiem.

Medianais vecums pirmajiem HAE simptomiem Latvija ir 15 gadi. Vienam no
pacientiem pirmais HAE uzliesmojums bijis 43 gadu vecuma ar 10 uzliesmojumiem gada, t. sk.
elpcelu tiisku un hospitalizaciju 15 reizes dzives laika. Salidzinosi Italija pirmie HAE simptomi
izpauzas vidg€ji 9,5 gadu vecuma, Vacija un Austrija — 12, Spanija — 14,5, Francija — 15 gadu
vecuma (Caballero et al., 2017). Lai gan HAE ir iedzimta slimiba un biezak pirmie simptomi
izpauZzas jau bérniba vai pusaudzZa gados, ir dala pacientu, kuriem pirmie uzliesmojumi vérojami
velaka dzives posma. Un slimibas novélotais sakums nebiit neliecina par to, ka slimiba bis
viegla un uzliesmojumi reti. Tas uzsver to, ka §1 diagnoze nav izslédzama ar1 pacientiem,
kuriem pirmas tas izpausmes bijusas krietni v€lak, nevis bérniba. Tapat tas uzsver skrininga
izmekl&jumu nozimigumu HAE pacientu radiniekiem. Pat pacientiem bez tipiskajiem HAE
simptomiem patog€ns variants gé€na var eksistét un, iedarbojoties individualam provoc€josam
faktoram vai palaidéjmehanismam, attistities pirmie slimibas uzliesmojumi. Skrininga
izmekléSana un slimibas atklaSana ir svariga, lai laikus atklatu riska faktorus un uzsaktu
atbilstosu terapiju, ja tada nepiecieSama.

Medianais vecums pirmajiem HAE simptomiem (15 gadi, n = 10) un medianais vecums
HAE diagnozes noteikSanas bridi (39 gadi, n = 12) analizéts arT ar mérki noteikt laiku, ko
simptomatiski HAE pacienti pavadijusi bez precizas diagnozes. Medianais diagnozes
noteikSanas laiks Latvija bija 24 gadi (n= 10). Andrea Zanicelli (Andrea Zanichelli) u. c.,
apkopojot 11 valstu HAE datus (Austrija, Brazilija, Cehija, Danija, Francija, Vacija, Griekija,
Izragla, Italija, Spanija un Apvienota Karaliste), secinajusi, ka medianais HAE diagnozes
noteikSanas laiks kop$ pirmajiem simptomiem bijis 2,6 gadi (no 0,13 Iidz 17,3 gadiem)
(Zanichelli et al., 2013). Amerikas Savienotajas Valstis laiks no pirmajiem simptomiem lidz
diagnozes noteikSanai videji ir 8-10 gadi (Wilkerson & Moellman, 2022; Zanichelli et al.,
2018). Vecums, kad noteikta HAE, un laiks kop$ pirmajiem simptomiem un diagnozes
precizésanu Latvija norada uz bitiski novelotu diagnozes noteik$anu. Iemesli novélotai HAE
diagnozei Latvija var bit pieminétais slimibas retums, ka rezultata specialisti var biit
nepietickami informéti par tas simptomiem un diagnostikas metodém. Tapat HAE nespecifiskie
simptomi, piem&ram, tiiska, sapes védera, elposanas gritibas, var lidzinaties un imitét citas
biezak sastopamas slimibas, pieméram, alergiskas reakcijas, apendicitu, kunga-zarnu trakta
traucgjumus. HAE simptomu variabilitate gan uzliesmojumu bieZuma, gan smaguma pakape,
gan lokalizacija apgriitina diagnozes atpaziSanu un noteikSanu. Turklat simptomi medz
paradities 1éni vai neregulari, kas var veicinat neprecizas diagnozes noteikSanu un novélotu

arstéSanas uzsaksanu. Lai gan HAE ir iedzimta slimiba un pozitiva gimenes anamnéze var
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veicinat HAE diagnozes noteikSanu, ikdienas kliniska prakse pierada, ka ne visi pacienti ir
inform&ti par gimenes anamnézi, Tpasi, ja simptomi ieprieksgja paaudzg bijusi vieglaki un netika
pareizi diagnosticéti. Salidzinosi vélais diagnozes noteikSanas vecums un ilgais laiks, ko HAE
pacienti Latvija pavada bez precizas diagnozes, biitiski ietekm€ pacientu dzives kvalitati un
kopgjo veselibas stavokli. Pacienti ilgstosi dzivo ar nepareizi diagnostic€tu vai nediagnosticétu
slimibu, tadel nesanemot atbilstosi terapiju, kas krietni pasliktina So pacientu dzives kvalitati,
radot apdraudéjumu vinu dzivibai. Tas sakrit ar informaciju, kas publicéta pétijuma, kura
apkopoti 65 manuskriptu dati, ieklaujot 10 310 HAE pacientus no visas pasaules (Guan et al.,
2024). Nemot vera ievérojamo laika spridi attieciba uz aizkavéto diagnozes noteikSanu,
atkartoti jauzsver aril iepriek§ minéta skrininga izmekléSanas nozime. Tapat jauzsver
nepiecieSamiba péc plasakas izglitoSanas un apmacibas programmas, kas veicinatu agrinu HAE
atpaziSanu un diagnozes apstiprinasanu. Lai veicinatu HAE atpaziSanu Latvija, petijuma laika
vairakkart par HAE, tas kliniku, diagnostiku un terapijas iesp&jam publiceti raksti vietja
méroga medicinas Zzurnalos, izveidota majaslapa, publicéti raksti plassazinas lidzeklos
informativa raksta veida, intervijas veida ar specialistiem, intervijas veida ar HAE pacientiem.
Tapat audio un video versijas intervijas ar HAE specialistiem un pacientiem publicetas
majaslapa un atskanotas nacionalajas radiostacijas. Nov€lota diagnostika var radit papildu
slodzi uz veselibas apriipes sisttmu kopuma, jo pacientiem var biit nepiecieSami biezaki
medicinas izmekl&jumi, atkartotas dazadu specialistu konsultacijas, hospitalizacijas un
neatbilstoSa arstéSana, kas citkart varétu but noversta ar savlaicigu precizu diagnozi. Lai gan
HAE ir reta slimiba, tas atpaziSana ir arkartigi nozimiga. Lai v€l vairak uzlabotu HAE
atpazistamibu, par HAE bitu vairak jainforme ne tikai topoSie alergologi un imunologi, bet ar1
jebkur§ toposSais medikis, informaciju par slimibu ieklaujot izglitibas programmas. Tapat
informacija atkartoti biitu jaaktualizé dazadu specialitasu arstu (ipasi uznemsanas nodalu arstu,
neatlickamas mediciniskas palidzibas arstu, gimenes arstu, pediatru, ginekologu, dermatologu,
zobarstu, kirurgu) un citu mediku, t. sk. medmasu, feldSeru un rezidentu, sabiedriba. Lai gan
pétijumi liecina, ka novélota HAE diagnoze ir ne tikai Latvijas, bet globala probléma, diagnozes
noteik§anas laiks var atskirties. Sis at3kiribas var biit saistitas ar dazadiem faktoriem, pieméram,
veselibas apriipes sist€mas kvalitati, arstu informé&tibas Iimeni par HAE, pieejamibu
diagnostikas resursiem un sabiedribas izglitibu par HAE simptomiem, tad&jadi veicinot
verSanos pie attieciga specialista, ja simptomi atbilst HAE.

Slimibas smaguma pakape un aktivitate HAE gadijuma ir dazadi jédzieni. Slimibas
smaguma pakape ir atkariga no ta, cik liela méera slimiba kopuma ietekméjusi pacienta vispargjo
veselibas stavokli. Taja ieklautas sekas, ko slimiba ir radijusi pacientam kop$ tas sakuma,

pasreizgjais slimibas slogs, ilgtermina riski un prognozes, tostarp pacienta bailes no iespgjamam
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sekam un komplikacijam. HAE smaguma pakapes mériSanai nav pienemtu un validétu riku, ko
viegli izmantot ikdienas kliniskaja prakse. Tadel smaguma pakapes meriSanai izmanto vairakas
pieejas, pieméram, atkariba no uzliesmojumu biezuma, simptomu smaguma un ilguma, no
tuskas lokalizacijas (elpcelu, abdominala, adas) un no slimibas ietekmes uz pacienta vispargjo
stavokli un dzives kvalitati. Slimibas smaguma pakape ilgtermina parasti ir stabilaka neka
slimibas aktivitate, tomér to ir griitak objektivizét un precizi izmérit. Misu pétijuma HAE
smaguma pakapes noteikSana tika balstita uz mediano uzliesmojumu skaitu gada kop$
pirmajiem simptomiem. Izveértéta ari tisku lokalizacija, dzives kvalitate, tomer Sie raditaji
netika attiecinati uz slimibas smagumu. Turpretim slimibas aktivitate ir simptomu biezuma,
smaguma pakapes, fiziska un psihoemocionala diskomforta summa noteikta laika perioda
(attiecigi, nedéla vai ménest), ko pacients novertgjis subjektivi. Ta biezi ir mainiga, mainoties
kvantitativi, izmantojot standartiz€tu aktivitates skalu AAS, kas izmantota arT miisu petijuma.
HAE smaguma pakapes un aktivitates noteikSanai galvenokart ir kliniska nozime. Smaguma
pakapes noveértéjums palidz noteikt arstéSanas strat€giju un ilgtermina efektivitati, savukart
aktivitates novertejums palidz izsekot arst€Sanas efektivitater un pielagot terapiju istermina.
Slimibas intensitate jeb biitiba uzliesmojumu biezums (angl. frequency) miisu pétijuma verteta
ka medianais uzliesmojumu skaits pedéjo 12 menesu laika (Chularojanamontri et al., 2023;
Demir et al., 2024; Mak et al., 2024).

Vertgjot uzliesmojumu biezumu gada kop$ pirmajiem HAE simptomiem, tad€jadi
nosakot slimibas smaguma pakapi, secinams, ka Latvija HAE izpausmes pacientiem ir loti
dazadas, tomér pacientu ar >24 uzliesmojumiem gada ir vairak neka pacientu ar
1-5 uzliesmojumiem gada. Kohorta ar 242 HAE pacientiem no Francijas, Lielbritanijas,
Spanijas, Kanadas, Australijas, Sveices, Vacijas un Austrijas secinats, ka 31,8 % pieredz
> 24 uzliesmojumus gada (Mendivil et al., 2021). Jauzsver, ka pacienti vid€jo uzliesmojumu
skaitu gada kop$ pirmajiem simptomiem sp& novertét tikai aptuveni, jo gadu no gada
uzliesmojumu bieZums var biit mainigs argjo un ieks€jo faktoru ietekme. Iesp€jams, pacienti ar
lielaku uzliesmojumu skaitu gada sanémusi mazak efektivu arste€Sanu un vinu slimiba bijusi
griitak kontrolgjama ar pieejamam arsté$anas metodém. ST situacija norada uz nepieciesamibu
pec individuali pielagotas terapijas strateégijas, lai efektivak parvalditu slimibu dazadiem
pacientiem. Pacientiem ar bieziem slimibas uzliesmojumiem bitu piemé&rota ilgtermina
profilaktiska terapija. Latvija diemZzgl nav pieejams plazmas derivetais C1-INH, kas vadlinijas
rekomendéts ka pirmas Iinijas ilgtermina profilakses lidzeklis. Latvija ilgtermina profilaksei
pieejami vienigi novajinati androgéni (danazols) un antifibrinolitiski lidzekli (traneksamskabe),

kas var tikt izmantoti ka alternativa (Maurer et al., 2022). Slimibas gené&tisko faktoru izp&te un
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biomarkieri slimibas smaguma pakapes un rakstura izvertéSana lautu labak izprast slimibas
patogenézi un lidz ar to precizak pielagot terapiju individuali katram pacientam.
Liels uzliesmojumu skaits gada biezi apgritina ikdienas aktivitates, liekot pacientiem partraukt
vai atlikt planoto, radot kavéjumus darba vai macibas, butiski ietekm€ pacientu dzives kvalitati,
radot fizisku un emocionalu diskomfortu.

Vertejot uzliesmojumu skaitu gada pédéjo 12 menesu laika, HAE iedalita ka viegla,
vid€ja un smaga. Viegla — ja pacientam bijusi 1-3 uzliesmojumi p&d&jo 12 ménesu laika;
vid€ja — 4—11 uzliesmojumi; smaga — 12 un vairak uzliesmojumu ped€jo 12 ménesu laika.
Slimiba apziméta ka asimptomatiska, ja pe€d€jo 12 ménesu laika uzliesmojumi nav bijusi.
Lielakajai dalai Latvijas pacientu HAE intensitate p&c uzliesmojumu skaita ir vid&ja un smaga,
attiecigi trim un pieciem no 10 pacientiem. Tas norada uz to, ka HAE ir nozimiga probléma
Latvijas pacientiem, uz nepietieckamu terapijas efektivitati, nepietickamu piekluvi pie
jaunakajam un efektivakajam arst€Sanas un profilakses metodém. Vacijas p&tijuma secinats, ka
smaga HAE bijusi aptuveni 20 % pacientu, Japana — 27,1 %, par€ja dala pacientu pieredz retus
uzliesmojumus, attiecigi vairumam slimibas gaita ir viegla vai vid€ji smaga (Magerl et al.,
2023; Yamamoto et al., 2023).

HAE pacientiem pédéjo 12 meénesu laika mediani bijusas 50 slimibas dienas, kas liecina
par augstu slimibas aktivitati un ievérojamu slimibas smagumu. Lielu slimibas dienu skaitu var
radit biezi uzliesmojumi vai smaga slimibas gaita, kas 11dz ar katru uzliesmojumu rada ilgaku
atlabsanas laiku. Vacijas HAE pacienti gada pavada aptuveni 8-28 dienas ar slimibas
simptomiem (Magerl et al., 2023). Liels slimibas dienu skaits gada Latvijas pacientiem liecina
par nepietickamu pasreiz€jas arst€Sanas efektivitati. Tas var but saistits ar nepietickamu
profilaktisko terapiju vai neefektivu uzliesmojumu kup€Sanu. Saskana ar sniegtajam
WAO/EAACI 2021. gada vadlinijam katra uzliesmojuma kup&Sana jauzsak péc iesp&jas atrak,
tadgjadi samazinot kop€jo uzliesmojuma ilgumu un smagumu (Maurer et al., 2022).
Lidz 2021. gadam Latvijas valsts kompens€jamo zalu saraksta akiitu HAE uzliesmojumu
kup@Sanai nebija ieklauts subkutani injic€jams medikaments (/catibant). Akiitu uzliesmojumu
gadfjuma bija pieejams intravenozi injic€jamais rekombinantais C1 — esterazes inhibitors
(Ruconest) pec individualas kompensacijas principiem vai ka alternativa svagi saldéta plazma.
Ierobezojumi individuali kompens&jamiem medikamentiem ir noteikti saskana ar Nacionala
veselibas dienesta reguléjumu. Ruconest pec alergologu un/vai imunologu konsilija [émuma
tika kompenséts atbilstosi individualai zalu kompensacijas prasibai. Saskana ar individualas
kompensacijas principu Latvija ir noteikts daudzums vai vienibu skaits zalu un maksimala
summa, ko pacientam var kompensét gada laika, tad€jadi pacientiem ar bieziem slimibas

uzliesmojumiem ierobezojot piekluvi atbilstoSai terapijai katra uzliesmojuma gadijuma, kas
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palielina kop€jo slimibas dienu skaitu. Turklat intravenozi lietojams medikaments
salidzinajuma ar subkutani lietojamu medikamentu prasa medicinas personala iesaisti un
atbilstoSu aprikojumu venozas injekcijas veikSanai, ierebezojot pec iespgjas savlaicigu
medikamenta ievadi.

Visi 10 simptomatiskie HAE pacienti dzives laika tikuSi hospitalizéti. Kaut ari
medianais hospitalizaciju skaits ir neliels, diapazons svarstas no vienas l1dz pat 20 reiz€ém. HAE
variabilitates dé| laika gaita izvertéts tieSi kop€jais hospitalizaciju skaits dzives laika, nevis
vid€jais to skaits gada. Salidzino$i Brazilijas pétijuma, kura piedalijas 799 HAE pacientu,
secinats, ka 50,6 % pacientu dzives laika vismaz vienu reizi bija nepiecieSama ar HAE saistita
hospitalizacija, no kuriem 69 % bija 1-2 hospitalizacijas, 16 % — 3—6 un 15 % — 7 vai vairak
hospitalizaciju (Ritter et al., 2024). Hospitalizaciju skaits dzives laika HAE pacientiem var
atSkirties atkariba no slimibas smaguma, pieejamas arst€Sanas un individualas slimibas
kontroles. Liels hospitalizaciju skaits var liecinat par bieziem un smagiem slimibas
uzliesmojumiem, nepietiekamu ambulatoru slimibas kontroli un profilaksi, ierobezotu piekluvi
efektiviem arstéSanas un profilakses lidzekliem. Biezas un atkartotas hospitalizacijas rada
ietekmi ne tikai uz pacientu un vina dzives kvalitati, bet arT uz veselibas sistemas ekonomiku
kopuma, kas sakrit ar Entonija Dz. Kastaldo (Antony J. Castaldo) u. c. veiktd pétijjuma
secinajumiem (Castaldo et al., 2021). Lai mazinatu hospitalizaciju skaitu, nepiecieSams uzlabot
slimibas kontroli ambulatori, uzlabot pieeju efektivam arsté€sanas un profilakses iesp&jam.

Adas, liipu un méles tiiska HAE pacientus Latvija skarusi visbiezak. Lielakajai dalai
pacientu bijusi arf abdominala un elpcelu tiiska. Visretak pacienti siidz&jusies par urogenitalu
tusku. Analiz€jot tiisku lokalizaciju, ta sakrit arT ar citu petijumu un literatiiras datiem (Alonso
et al., 2020; Azmy et al., 2020; Nordenfelt et al., 2016).

Astoniem pacientiem pirms tiiskas attistibas konstat€ti prodromalie simptomi.
Visbiezak noverots nogurums, parestézija/sapes, sapes veédera un slikta dusa, retak erythema
marginatum. P&c citvalstu petjjumu datiem, prodromalos simptomus pieredz€jusi no 68 lidz
82,5 % HAE pacientu un, tapat ka miisu petijuma, visbiezak jutusi nogurumu, fiziskas sajiitas
pietikuma vieta, abdominalos simptomus un tipiskos izsitumus erythema marginatum
(Leibovich-Nassi & Reshef, 2021; Magerl et al., 2014; Nordenfelt et al., 2016; Reshef et al.,
2013).

Tika izverteéts HAE uzliesmojumu terapijas efekts, lai demonstrétu specifisko zalu
ievérojami augstako efektivitati salidzinajuma ar alternativajiem Iidzekliem. Savukart
profilakses efektivitate bija zema, jo nav pieejami vadlinijas rekomendetie specifiskie
profilaktiskie medikamenti un japalaujas uz alternativiem terapeitiskiem lidzekliem ar

ierobezotu iedarbibu (Maurer et al., 2022). Salidzinat iegtitos datus ar citu valstu pétijumiem ir
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apgriitino$i, jo katra valsti pieejamo medikamentu klasts ir atSkirigs. Uzliesmojumu un
profilaktiskas terapijas efektivitate individuali katram pacientam tiek vertéta, uzraudzita un péc
nepiecieSamibas korigéta arT ilgtermina, tomér p&tjjuma ta netika ieklauta.

Apkopojot AE-QoL anketas rezultatus, tie parada, ka tadi emocionalie trauc€jumi ka
bailes par slimibas uzliesmojumiem, savu veselibu un kauns iziet sabiedriba uzliesmojuma
laika ir galvenais dzives kvalitates aspekts, ko ietekm& angioedéma Saja pétijuma.
Salidzinajuma ar citiem doméniem bailes/kauns bija visizteiktak skartais doméns, kam ciesi
sekoja nogurums / garastavoklis un uzturs. Funkcion&Sana salidzinosi tika skarta vismazak.
HAE biitiski ietekmé pacientu dzives kvalitati, un petijumi dazadas valstis sniedz ieskatu par
to, kuri doméni tiek skarti visvairak. Pieméram, daudzvalstu pétijuma, kura bija iesaistitas tadas
valstis ka Australija, Austrija, Kanada, Francija, Vacija, Spanija, Sveice, Lielbritanija,
vislielaka ietekme uz HAE pacientiem bija bailu/kauna un noguruma/garastavokla doménos.
Bailes/kauns uzradija vidéjo rezultatu 54,68 %, nogurums/garastavoklis 46,24 %,
funkcioné$ana — 42,46 %. Savukart vismazak skartais domens bija uzturs ar rezultatu 36,16 %
(Kulthanan et al., 2019; Mendivil et al., 2021; Vanya et al., 2023). Sie atklajumi saskan ar citiem
starptautiskiem pétjjumiem, kuros biezi tiek zinots par augstu trauksmes, bailu un socialas
mijiedarbibas traucgjumu limeni pacientiem ar HAE. Sadas ietekmes bieZi tiek uzskatitas par
nozimigakam neka fiziskas labsajiitas ierobeZojumi, uzsverot slimibas ievérojamo emocionalo
un socialo slogu (Kulthanan et al., 2019; Vanya et al., 2023). Lidzigi dati no pétijjuma Eiropa
atklaja, ka emocionalie trauc€jumi bija starp visvairak skartajiem (Mendivil et al., 2021; Vanya
et al., 2023). Tas uzsver nepiecieSamibu péc mérktiecigam darbibam, lai risinatu §is konkrétas
ietekmes jomas HAE pacientiem, informétu HAE pacientus par starptautiskam atbalsta
organizacijam, kas palidz HAE pacientu dzives kvalitates uzlaboSana visa pasaul€, nodrosinot
nepiecieSamo atbalstu un resursus.

HAE International (HAE1) ir nevalstiska organizacija, kas izveidota HAE pacientu
dzives kvalitates uzlabosanai. HAEi sastava ir vairak neka 100 dalibvalstis (t. sk. Latvija kops
2020. gada), un ta darbojas ka atbalsta kopiena, veicinot izpratni par HAE, tas diagnostiku un
arsteésanu, sadarbojoties un daloties informacija starp nacionalajam HAE organizacijam un
medicinas specialistiem. HAEi nodarbojas ar globalu konferencu, seminaru un virtualu
pasakumu organizéSanu HAE pacientiem, vinu radiniekiem, atbalsta personam un HAE
specialistiem, ne tikai nodroSinot izglitojosu informaciju, bet ar1 sniedzot nozimigu emocionalu
un psihologisku atbalstu (HAE International, 2025). Uzskatam, ka HAEi informativie materiali
un organiz€tie pasakumi ir palidz&jusi aktualizét HAE diagnozi Latvija, kas kopuma uzlabo

slimibas simptomu atpaziSanu un savlaicigu diagnozes noteikSanu.

72



Izvertejot AECT kontroles testu rezultatus, jasecina, ka HAE kontrole kopuma Latvija
ir laba. Par to liecina vidgjais AECT punktu skaits. Tomer, izvertgjot atseviski katru HAE
pacientu, dalai slimibas kontrole ir slikta un ta nopietni ietekmé So pacientu dzives kvalitati.
Tapéc AECT testa lietderiba vairak vert€jama ka pozitiva individualai slimibas gaitas un tas
kontroles izvertésanai laika gaita, nevis kop€jas slimibas kontroles atainosanai valsti. DiemZgl
konkréti videji AECT rezultati, kas lautu veikt tieSu salidzinajumu starp Latviju un citam
valstim, Sobrid nav plasi pieejami zinatniskaja literatura. Lai ieglitu §adu salidzinajumu, biitu
nepiecieSsams veikt specifiskus pétijumus ar lidzigiem kritérijiem un metodologiju dazadas
valstis. Paslaik pieejama literatiira sniedz datus par AECT validéSanu un testa lietderibu
ikdienas kliniskaja praks€. Pieméram, petijumi Vacija apstiprinajusi AECT lietderibu pacientu
slimibas kontroles novértésanai (Fijen et al., 2023; Weller et al., 2020). Tapat Turcija un
Taizemé veiktajos pétijumos validétas AECT anketas un pozitivi novertéts So anketu
lietderigums ne tikai HAE, bet ar1 citu veidu angioedemu gadijuma (Demir et al., 2024;
Mendivil et al., 2021).

Izvertejot AAS 28 rezultatus, jasecina, ka angioedémas aktivitate HAE pacientiem
Latvija bijusi vidgja vai zema. AAS 28 rezultati dazadas valstis var atSkirties atkariba no
pctamajam grupam, geografiskajiem faktoriem un piecjamas arstéSanas, pétijuma dizaina un
metodém. Diemze€l specifiski So anketu rezultati, kas biitu salidzinati starp dazadam valstim,
nav plasi pieejami zinatniskaja literatira. Tomér zinams, ka So metodi izmanto gan vairakos
pétijumos, gan ikdienas kliniskaja praksé visa pasaulg, t. sk. Latvija. ST skala lauj standartiz&ta
veida novertét angioedémas aktivitati. Vacija un citas Eiropas valstis veiktie pétijumi
apstiprinajusi, ka AAS ir uzticams riks slimibas aktivitates noveértéSanai un tas korele ar
pacientu dzives kvalitati un arstéSanas nepiecieSamibu. Piem&ram, Vacija veikts pétijums
paradija, ka pacientiem ar zemu AAS 28 rezultatu slimibas aktivitate bija efektivi kontroléta,
salidzinot ar tiem, kuriem bija liels punktu skaits un kuriem bija nepiecieSama efektivaka
terapija (Schmaier et al., 2017). ASV un Kanada veikti petijumi arT atbalsta AAS izmantoSanu
angioedému novértésanai. Sajos regionos pacienti ar vidéju un lielu punktu skaitu biezak
stidz&jas par dzives kvalitates trauc&jumiem un sarezgijumiem terapijas laika, kas liecina par
nepiecieSamibu uzlabot arsté€Sanas taktiku. Turcija veikts petijums, kura izmantota AAS anketa,
paradija, ka slimibas aktivitate bija augstaka pacientiem ar nepiemérotu vai novélotu arstéSanu,
kas izraisTja sliktaku dzives kvalitati. Sis p&tTfjums uzsvéra agrinas un precizas diagnozes nozimi
(Mendivil et al., 2021). Biitu javeic plasaka So anketu rezultatu analize un savstarp&jo korelaciju
pétisana, lai var&tu spriest par situaciju Latvija.

AE-QoL, AECT un AAS anketu validéSana un ieklauSana pétijuma sakotngji bijusi ar

mérki objektivizét HAE smagumu, kontroli un aktivitati, lai izvert€tu metabolitu atSkiribas

73



dazadas pacientu kategorijas. Neliela kop&ja p€tamo pacientu skaita un to nevienmeériga
sadalijuma grupas dél tas netika analizéts. Tomé&r So anketu analize HAE kliniskas izpé&tes
sadala ieklauta ar mérki demonstrét, cik dazados veidos iesp&jams spriest par HAE slimibas
smaguma pakapi, kas atkariga ne tikai no uzliesmojumu biezuma, bet ar1 tiisku lokalizacijas,
ilguma un ietekmes uz pacienta dzives kvalitati ne tikai fiziska, bet arT emocionala aspekta.
HAE ir mainiga slimiba ar iesp&jami bieziem un smagiem uzliesmojumiem un dazada ilguma
remisijas posmiem. Tapat anketu ka standartiz€ta angioedému uzraudzibas rika ievieSana
Latvija uzskatama par pozitivu iegudijumu dazadu specialistu, tostarp alergologu, imunologu,
dermatologu, ikdienas kliniskaja praks€, ka ar1 pétnieciba.

Petijuma iegitie rezultati liecina, ka simptomatiskajiem HAE pacientiem raksturigs
ievérojams blakusslimibu slogs, kas atspogulo §is slimibas sistémisko ietekmi uz organismu.
Petijuma izv€letais  blakusslimibu  spektrs  (kardiovaskularas, psihoemocionalas,
dermatologiskas, respiratoras un sist€miskas patologijas) pamatots ar vairakiem batiskiem
aspektiem, kas atspogulo gan pasas HAE patogenétiskas Tpasibas, gan ar1 aktualos zinatniskos
atklajumus par HAE saistitajam blakusslimibam. P&tjjuma konstateta augsta psihoemocionalo
trauc&jumu sastopamiba — generalizSta trauksme trim pacientiem, vidéja trauksme diviem
pacientiem un viegla trauksme pieciem pacientiem — skaidri parada, ka HAE raditie hroniskie
simptomi un neparedzamas tiiskas epizodes butiski ietekm& pacientu psihisko labsajiitu.
Sie dati atbilst starptautiskajos pétijumos konstatétajam tendencém, kas uzsver nepieciesamibu
péc regularas psihiskas veselibas uzraudzibas. Dermatologisko patologiju, it Tpasi psoriazes,
sastopamiba diviem pacientiem varétu noradit uz kopigiem imtnpatologiskiem mehanismiem.
Lidzigi bronhialas astmas gadijumi diviem pacientiem liek apsvert iesp&jamo saistibu starp
HAE un elpcelu hiperreaktivitati. Vielmainas un gremosanas trauc€jumi, kas konstateti vienam
pacientam, ka arT retak noveérotas kardiovaskularas un neirologiskas patologijas (katra vienam
pacientam) varétu biit saistitas gan ar paSu HAE, gan ar tas arst€Sanai izmantotajam
medikamentozajam terapijam. Sie rezultati kopuma uzsver, ka HAE nav tikai recidivéjosas
angioedémas, bet gan sisteémisks stavoklis, kas prasa vispusigu blakusslimibu monitoréSanu un
individualu arstéSanas pieeju. Turpmakos petijumos biitu vélams ieklaut lielaku pacientu skaitu,
lai precizak novertetu konkréto blakusslimibu sastopamibu un to saistibu ar HAE klinisko gaitu

un terapijas efektivitati.

4.2. Hereditaras angioedémas genétisko iemeslu izpéte
Lai gan patogéni varianti SERPING1 ir vienigais zinamais iemesls I un II HAE tipu
attistiba, aptuveni 15 % simptomatisku HAE pacientu ar samazinatu C1-INH Iimeni un / vai

aktivitati pat pec rupigas genétiskas izmekléSanas (ieskaitot visa SERPING1 géna kodgjoso un
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nekodgjoso dalu sekvencésanu un kopiju skaita izmainu analizi) patogénus variantus neizdodas
atrast (Bork, Machnig, et al., 2020; Lyons et al., 2023; Santacroce et al., 2021). Japiebilst, ka
ming&tajas publikacijas netika minéts, vai visiem pacientiem ar negativu rezultatu tika parverteta
kliniska diagnoze. Nemot veéra specifisku ar CI1-INH saistitu fenotipu, uzskatijam, ka
intragéniski un ekstragéniski nekod&josi punktveida un strukturali varianti SERPINGI géna,
kurus nav iesp&jams atklat ar Sangera sekvencéSanu, ir [ un II tipa HAE iemesls pacientiem ar
negativu genétisku atradi un tos iesp&jams atklat ar GS.

No 38 pacientiem ar aizdomam par HAE, kuriem veikta dazada limena genétiska
izmekléSana, patogéni varianti HAE génos atklati 12 pacientiem. 11 gadijumos patogéni
varianti atklati, veicot Sangera sekvencésanu zinamos HAE génos. Lidzigi ka citos zinojumos,
patogénie varianti galvenokart lokalizeti 7. un 8. eksona (Jiang et al., 2025; Ren et al., 2023).
Lai apstiprinatu izvirzito hipot€zi, trim pacientiem ar aizdomam par HAE I/II tipu un negativu
Sangera sekvencésanas rezultatu veicam GS. Vienam pacientam bija pozitiva genétiska atrade
ar 7. eksona deléciju (pacients Nr. 10), kuru biitu iesp&ams atklat, lietojot MLPA analizi.
Diviem pacientiem netika identific€ti patogéni varianti ar1 ar GS, kas lika parskatit klmnisko
diagnozi, apstiprinot, ka viniem nav HAE. ST atrade apstiprina, ka HAE V11 tipa pacientiem ar
negativu genétiskas izmekléSanas rezultatu (netiek identificéti genétiskie varianti SERPING 1
géna, izmantojot Sangera sekvenc€Sanu un MLPA vai nakamas paaudzes sekvencESanas
metodes, kas ietver viena nukleotida variantus un plasas delécijas SERPINGI geéna)
nepiecieSams atkartot klinisko izvert€jumu, parbaudot diagnozi.

Gengétiska izmekléSana, 1pasi GS vai ES sekvencéSana, lauj iegiit plaSus datus un
vienlaicigu informaciju gan par génu punktveida variantiem, gan par plaSakam delécijam,
duplikacijam. Izmaksu efektivitate butu jaizveérte HAE I/II tipa gadijuma, kad genétiskie
varianti ir tikai SERPING 1 géna. Angioedému iemesli ir daudzveidigi, tomér bistamas dzivibai
elpcelu tuskas pakapes dél no tam ir tikai HAE un medikamentu (galvenokart AKEI) inducéta
angioedéma (Maurer et al.,, 2022). Medikamentu inducétu angioedému diagnostika ir
salidzino$i vienkarSa un prasa potenciali angioedému izraiso$a medikamenta atcelSanu vai
nomainu uz citas grupas medikamentu, kamér HAE diagnostika ir krietni sarezgitaka, Tpasi
nC1-INH HAE gadijuma, kad genétiska izmekl&Sana ir vienigais §is slimibas diagnostikas riks
(Magerl et al., 2025; Muna et al., 2024). Negativa genétiska atrade sniedz butisku ieguvumu
HAE izslégSana, tomér japatur prata, ka HAE, ipaSi nC1-INH HAE, ir viena no slimibam, kuras
gadijuma jaunu kandidatu génu atklajumi pédéja desmitgade ir ievérojami. Ieprieks zinama F/2
gena vieta Sobrid zinami un aprakstiti ari PLG, ANGPTI, KNGI, MYOF un HS3ST6
(Christiansen et al., 2025; Dias de Castro et al., 2024; Zuraw et al., 2025). Jaunakajas

publikacijas aprakstiti arl patogéni varianti CPNI un DAB2IP génos, kuram ir nozime
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nC1-INH HAE attistiba, asociéta ar natreni (D’Apolito et al., 2024; Hintze et al., 2022;
Parsopoulou et al., 2022). Miisu pétijuma nebija pacientu ar HAE un natreni, tadel CPNI un
DAB2IP génu analize nebija meérktieciga. nC1-INH HAE gadijuma nakamas paaudzes
sekvencéSanas metodes ir nozimigakas, jo aizvien tiek public€ta informacija par jauniem
géniem un ES/GS lauj paplaSinat analizé€to génu skaitu. Misu pétijuma nC1-INH HAE tika
molekulari apstiprinata tikai vienam no pacientiem, identific§jot jau ieprieks aprakstitu PLG
géna variantu. Tas mudina parskatit ne tikai slimibas klinisko un laboratorisko gaitu, bet ar1
genétiskas izmekléSanas parveértéSanu, IpaSu uzmanibu pievérSot jaunatklatajiem kandidatu
géniem.

Divi pacienti (pacienti Nr. 13 un 14) ar aizdomam par HAE I/Il, kuriem pat p&c SV un
nekodgjosu geénu dalu analizes netika konstatéti patogéni génu varianti, tika ripigi noveroti,
vert§jot dinamika gan klinisko ainu, gan analizu rezultatus — specifiskus HAE un atbilstoSus
citam angioedému izraiso$am slimibam un stavokliem. Vienam no pacientiem (pacients Nr. 13)
seruma olbaltuma elektroforézé tika konstateta paraproteinu klatbiitne. IepriekS veiktajos
seruma olbaltuma elektroforézes izmekl&jumos paraproteini netika konstateti. Izmainas asins
analiz€s norada uz alternativu simptomu etiologiju — iegita angioedéma. Pacientam tika
noteiktas ari Clq antivielas, kas bija samazinatas, tad€jadi apstiprinot iegiitas angioedémas
diagnozi (Patel & Pongracic, 2019; Polai et al., 2023). HAE gadijuma So antivielu [imenis
parasti ir neizmainits (Maurer et al., 2022; Patel & Pongracic, 2019). legiita angioedéma parasti
ir saistita ar pamatslimibu — monoklonalo gammopatiju, limfoproliferativam slimibam
(pieméram, B-§tinu limfomu, hronisku limfoleikozi). Dazkart angioedéma var biit pirma So
slimibu izpausme. P&c literatiiras datiem, pacientiem ar iegiitu angioedému, kas saistita ar Clq
deficitu, paraproteini var paradities jebkura bridi péc angioedémas sakuma. Dalai pacientu
paraproteini atklajami jau pirmas angioedémas epizodes laika, apstiprinot limfoproliferativas
slimibas diagnozi, bet citiem tie paradas pat 5—15 gadus vélak (Patel & Pongracic, 2019; Polai
et al., 2023). Tas velreiz uzsver diagnozes parskatiSanas nepiecieSamibu recidivéjosu
angioedému gadijuma, 1pasi, ja ar aizdomam par HAE patogeni varianti netiek atklati. Otram
pacientam (pacients Nr. 14) ar aizdomam par HAE-II CI1 aktivitates funkcija atkartotos
izmeklgjumos normalizgjas (C1-INH aktivitate iepriek§ bija samazinata), tadeél bija
nepiecieSams parskatit diagnozi. Sis novirzes varétu biit saistitas ar laboratorijas metodém,
islaicTgam svarstibam vai parauga uzglabaSanas un transportésanas apstakliem. Islaicigas, Tpasi
mazizteiktas C1-INH limena vai funkcijas svarstibas var radit arT dazadi iekaisuma procesi,
tostarp hroniskas infekcijas, hroniski vai subkliniski autoimini trauc€jumi, pat ja klasiskie
markieri ir negativi. Ta ka C1-INH tiek raZots aknas, viegli aknu darbibas trauc&jumi var radit

izmainas ta [tmen1 vai funkcija, bet bez biitiskas ietekmes uz C4 Iimeni. Tapat C1-INH var
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pastiprinati izdalities ar urinu, 1pasi nefrotiska sindroma gadijuma. Medikamentu ietekme,
piem&ram, estrogénpreparati ka perorals kontraceptivs Iidzeklis vai ka hormonu aizstajterapijas
lidzeklis var ietekmét C1-INH sintézi, tapat AKEI (piemé&ram, enalaprils, ramiprils u. c.) var
izraisit angioedému, pat ja C1-INH Iimenis un funkcija ir nedaudz pazeminati (Durmaz &
Sevimli, 2025; Maurer et al., 2022; Sinnathamby et al., 2023). Parskatot diagnozi, rekomend&ts
atkartot C1-INH limeni un aktivitati, C4 Iimeni, parbaudit aknu un nieru funkciju, izvertét
autoimiinos un iekaisuma markierus, nosakot ANA (antinuklearas antivielas), CRO (C reaktivo
olbaltumu), imtinglobulinus, seruma olbaltuma elektroforézi, limfocitu subpopulacijas u. c.,
1zslégt iegiitas angioedémas iespeju, nosakot Clq antivielas, apsvert lietoto medikamentu
ietekmi, atkartoti izvertét angioedémas iesp&jamo mehanismu (tuklo $tinu mediéta, bradikinina
mediéta, medikamentu inducéta, vaskulara endotélija disfunkcijas mediéta vai angioedéma bez
zinama iemesla). Turklat japatur prata, ka angioedémas veidi vienam pacientam var
kombinéties. Péc iepriek§ min€to izmekl&umu veikSanas pacientam paslaik apstiprinata
diagnoze — angioedéma bez zinama iemesla.

Pacientam Nr. 15 ar aizdomam par HAE II diagnozi, kuram ar Sangera sekvencésanu
neizdevas identificét patogénus variantus, atklata HIV diagnoze uzskatama par vienu no
iemesliem meéreni samazinatai CI1-INH aktivitatei. Tapat pasreiz lietotas kombingtas
antihipertensiva terapijas sastava esoSie AKEI var biit ka recidivgjoSas tiiskas iemesls vai tas
provocgjosais faktors.

No 24 genétiski izmeklétiem pacientiem, kuriem bija kliniskas aizdomas par nC1-INH
HAE (tostarp recidivéjoSas tiiskas, kas nerecagé uz antihistaminiem un glikokortikoidiem,
abdominalas tiiskas un/vai pozitiva gimenes anamnéze), patogéni varianti tika konstateti
vienam pacientam (Nr. 12). Sim pacientam identificéta PLG géna patogénais variants atbilst
zinatniskajos avotos aprakstitajam izmainam, kas saistitas ar nC1-INH HAE. Viens no biezak
sastopamajiem variantiem NM_000301.5(PLG):c.988A>G (p.Lys330Glu), kas identificets ar1
miisu pétijuma pacientam, rada plazminogéna funkcijas izmainas, kas izraisa pastiprinatu
bradikinina veidoSanos, ka rezultata attistas HAE raksturigie simptomi. Saskana ar pieejamo
literattiru PLG géna patogéni varianti konstatéti aptuveni 3—5 % pacientu ar nC1-INH HAE,
kas norada uz to salidzinosi reto sastopamibu. Sis atklajums ir nozimigs pacienta turpmakas
diagnostikas un arstéSanas stratégijas planosana (Bork et al., 2018; Farkas et al., 2021; Hintze
et al., 2022).

Pacientiem, kuriem netika atklati patogeéni varianti, diagnozes tiek parskatitas, ne tikai
ilgtermina vérojot un pec iesp&jas korig€jot simptomus, bet ari atkartojot izmeklgjumus, kas

noraditu uz alternativu angioedémas c€loni.
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Miisu pétijuma piedalijas salidzinosi neliels pacientu skaits, un secinajumi balstas uz so
ierobezoto paraugu grupu. Lai iegiitu plasaku un detalizétaku priekSstatu, ir nepiecieSams
paplasinat petijumu un ieklaut lielaku pacientu skaitu, lai giitu dzilaku izpratni par HAE
genétiskajiem c€loniem.

Jauzsver, ka pétijuma laika Latvija RSU Molekularas genétikas zinatniskaja laboratorija
uzsakta genétiska izmekléSana — Sangera sekvencésana zinamos HAE génos. leprieks genétiska
izmeklésana HAE molekularai diagnostikai Latvija nebija iespgjama. Genétiskas izmekléSanas
iesp€jas valsti sniegusas vairakus ieguvumus. Diagnostika kluvusi ievérojami atraka, samazinot
laiku no parauga nonemSanas briza lidz rezultatu sanemsSanai. Pacienti sanem atraku un
precizaku diagnozi, kas uzlabo arstéSanas efektivitati un kop€jo pacientu veselibas stavokli.
Turklat viet§ja meroga izmekleéSana var radit mazaku emocionalo stresu pacientiem. HAE
genctiskas izmekleSanas iesp&ju attistiba Latvija veicinajusi papildu izglitibu un apmacibu
vietgjiem specialistiem, pilnveidojot vinu zinasanas un prasmes retu slimibu diagnostika, ka ar1
mudingjusi papildinat esosas genétiskas izmekléSanas metodes ar jauniem algoritmiem.
Gengétisko izmeklgjumu veikSana valstt veicina labaku un atraku sadarbibu starp arstiem,
laboratoriju specialistiem un genétikiem, uzlabojot kop&jo HAE diagnostikas un arstéSanas
procesa koordinaciju. Vietgjas laboratorijas veikti testi nodroSina labaku piekluvi datiem un
iesp&ju uzreiz pievienot pacientu rezultatus pacienta mediciniskajiem ierakstiem. Tas atvieglo

pétniecibas un statistikas darbu, kas ir svarigi veselibas apriipes planosanai un uzlabosanai.

4.3. Metabolo biomarkieru identificéSana

Petijuma izveleti konkréti metaboliti, pamatojoties uz to lomu dazados biokimiskos
procesos un potencialo saistibu ar angioedému, tostarp HAE. Metaboliti, kas ieklauti analizg,
galvenokart bija aminoskabes, acilkarnitini un biogé€nie amini, jo §is molekulas ir nozimigas
metabolisma, antioksidantu sist€émas un imtinreakciju norisg€, kas ir biitiski faktori angioedémas
patogengzé (Jans et al., 2022; Mordaunt et al., 2020). Sada mérktieciga metabolitu izvéle, kas
ietver dazadas metabolitu klases, pieméram, aminoskabes, kas ir biitiskas proteinu biosintéze
un signalcelos, ka ar1 acilkarnitinus, kas iesaistiti taukskabju transporta un oksidacija, bija
versta uz to, lai identific€tu specifiskas molekularas izmainas, kas varétu biit saistitas ar HAE
vai citu veidu angioedému un palidzetu atSkirt slimibu no veseliem kontroles grupas
dalibniekiem. Izv€le balstijas ar1 uz iepriek§€jiem petijjumiem un literatiiras datiem, kas noradija
uz konkrétu metabolitu potencialo nozimi HAE diagnostika un slimibas patogené&tisko
mehanismu izpratn€. Turklat metabolitu panelis, kas tika izmantots p&tijuma, ir standarta riks
jaundzimuSo skriningam, kas nodroSina ta plaso pieejamibu un lietojamibu ar citas

laboratorijas un medicinas iestadés. Tadgjadi metabolitu izvéle bija strategiski pamatota, lai
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iegiitu iesp&jami daudz informacijas par potencialajiem HAE biomarkieriem un to lomu
slimibas attistiba un izpausmés (Jans et al., 2022; Mordaunt et al., 2020; Schonig et al., 2013).

P&tijuma konstatets statistiski nozimigs cistina limena samazinajums (p <0,01) HAE
pacientu grupa salidzinajuma ar kontroles grupu, kas liecina par §1 metabolita nozimi HAE
patogenéze. Cistins ir disulfidsaturo$a diaminskabe, kas veidojas cisteina molekulu oksidativas
dimerizacijas rezultata, un tai ir btiska loma organisma fiziologiskajos procesos. Ka glutationa
biosintézes priekstecis cistins ir neatnemama antioksidantu sist€mas sastavdala, ka ar, veidojot
disulfida saites, tam ir nozime olbaltumvielu struktiiru stabilizacija. Turklat cistinam ir butiska
loma imiinregulacija, jo tas ir nepiecieSams gan T-limfocitu proliferacijai, gan makrofagu
funkcionalajai polarizacijai. Samazinatais cistina Itmenis var€tu bt saistits ar vairakiem
patofiziologiskiem mehanismiem. Pirmkart, paaugstinatais oksidativais stress HAE gadijuma
var izraisit palielinatu cistelna paterinu glutationa sintézei. Otrkart, cistina deficits varétu biit
saistits ar komplementa sist€émas un bradikinina cela parmeérigu aktivaciju, kas raksturiga HAE.
Treskart, cistina metabolisma izmainas varétu rasties endotélija disfunkcijas rezultata, kas
izpauzas disulfida saiSu regulacijas trauc€jumos. Turpmakajos pétijumos biitu verts pieverst
uzmanibu cistina ITmena izmainam uzliesmojumu laika, ta saistibai ar C1-inhibitora aktivitati
(McBean & Flynn, 2001; Yu & Long, 2016).

Statistiski nozimigais izovalerilkarnitina (C5) Iimena samazinajums (p <0,01) HAE
pacientu grupa salidzinajuma ar veselo kontroles grupu apstiprina C5 ka potencialu HAE
biomarkieri. C5 pieder 1sas kédes acilkarnitiniem, kas veidojas L-karnitina esterifikacijas
rezultata ar izovalerinskabi (3-metilbutanskabi) — galveno leucina katabolisma starpproduktu.
Sis process tiek katalizéts ar mitohondriju membranu fermentu palidzibu, galvenokart caur
karnitinpalmitoiltransferazu =~ un  izovalerinskabes-CoA  dehidrogenazes  aktivitati.
Fiziologiskajos apstaklos C5 wveic divas galvenas funkcijas. Pirmkart, tas nodroSina
izovalerinskabes transportu mitohondrijos, kur ta pec [-oksidacijas tiek parveidota par
acetil-CoA un ieklauta Krebsa cikla. Otrkart, tas veicina organisko skabju eliminaciju caur
urinu, tadgjadi samazinot to toksisko uzkrasanos audos. Miisu pétijuma iegttie rezultati sakrit
ar Sjue Vana (Xue Wang) un lidzautoru iegiitajiem rezultatiem urina metaboloma pétijumos,
kas apstiprina C5 potencialo nozimi ka HAE biomarkieri (Wang & Zhi, 2022).
Patofiziologiskie mehanismi, kas varétu izskaidrot C5 limena samazinajumu HAE gadijuma,
ietver paatrinatu leucina metabolismu, kas saistits ar C1-inhibitora deficita izraisito plazmina
aktivaciju un proteolizes palielinasanos, ka arT mitohondriju disfunkciju, ko izraisa bradikinina
paaugstinata koncentracija, kas rada B-oksidacijas traucgjumus (Smith-Byrne et al., 2022;
Wang & Zhi, 2022; J. Wu et al., 2024). Diagnostiskaja konteksta C5 kombinacija ar citiem

metabolitiem, Tpasi hidroksiprolinu un cistinu, demonstréja augstu diagnostisko precizitati, un
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kombinacija potenciali izmantojama ka HAE diagnostiskais biomarkieris. Turpmakajos
pétijumos rekomend&jama plasaka sakaribu izpete starp C5 ltmeni un kallikreina-kintna
sist€mas aktivitati.

Analizéjot HAE pacientu asins plazmas paraugus, konstatéts statistiski nozimigs
hidroksiprolina limena paaugstinajums (p <0,05) salidzinajuma ar veselo kontroles grupu.
Hidroksiprolins (OH-Pro) ir pirrolidina atvasinajums, kas veidojas, hidroksil&jot prolina
atlikumus kolagéna molekulas. So posttranslacijas modifikaciju katalizé divi galvenie enzimi:
prokollagéna-prolina 4-hidroksilaze un prokollagéna-prolina 3-hidroksilaze. Organisma
dominé trans-4-hidroksi-L-prolina forma (apméram 90 % no kop&ja hidroksiprolina
daudzuma), kamer trans-3-hidroksi-L-prolins ir relativi retak sastopams. Hidroksiprolinam ir
biitiska loma kolagéna struktiiras un funkcijas nodroSinasana. Katra kolagéna tipa I molekula
atrodas apméram 100 hidroksiprolina atlikumi, kas veido tidenraza saites ar citam
aminoskabém, tadejadi nodroSinot kolagéna struktiiras termodinamisko stabilitati. Turklat
hidroksiprolins ir galvenais kolagéna katabolita produkts, kas padara to par nozimigu
biomarkieri saistaudu un kaulu metabolisma izp&té. Misu pétijuma konstatétas hidoksiprolina
limena izmainas vartu bt saistitas ar vairakiem patofiziologiskiem mehanismiem. Pirmkart,
bradikinina paaugstinata koncentracija HAE gadijuma var stimul€t kolagé€na noardisanos,
izraisot hidroksiprolina atbrivosanos. Otrkart, oksidativais stress, kas raksturigs HAE, var
traucét kolagéna struktiras integritati, veicinot ta degradaciju. Diagnostiskaja konteksta
hidroksiprolina Iimena izmainas kombinacija ar citiem metabolitiem (ipasi ar cistinu)
demonstréja augstu diagnostisko precizitati. Ipasi jaatzimé OH-Pro/kreatinina attieciba, kas
potenciali izmantojama ka HAE diagnostiskais biomarkieris. Sie rezultati varétu liecinat par to,
ka kolagéna metabolisma trauc€jumi ir viens no HAE patogengzes aspektiem, paverot jaunas
iespejas gan slimibas diagnostika, gan terapijas efektivitates novertésana (Hu et al., 2022;
Langrock & Hoffmann, 2019; Z. Wu et al., 2019).

Petijuma konstatets butiski paaugstinats asparaginskabes Iimenis (p <0,01) HAE
pacientiem salidzinajuma ar idiopatiskas angioedémas pacientiem. Asparaginskabei ir vairaki
galvenie metaboliskie celi organisma. Ta ir bitiska urincikla komponente, kas iesaistita
arginina un urinvielas sint€z€, veicinot slapekla savienojumu eliminaciju. Ka oksaloacetata
priekstecis ta piedalas glikonegenézes procesos, savukart centralaja nervu sistéma ta darbojas
ka ekscitatora neirotransmiters. Musu petijums atklaja, ka asparaginskabe varétu palidzét HAE
diferencét no idiopatiskas angioedémas. Sis atikiribas varétu biit saistitas ar vairakiem
patofiziologiskiem mehanismiem. Pirmkart, paaugstinatais asparaginskabes Iimenis var
atspogulot paatrinatu proteinu katabolismu, kas izraisits ar Cl-inhibitora deficitu saistitu

proteolitisko procesu aktivaciju. Otrkart, ta var noradit uz trauc&jumiem slapekla metabolisma,
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kas saistiti ar paaugstinatu slapekla oksidu razoSanu endotélija Siinas HAE gadijuma. Kliniskaja
prakse Sie atklajumi rada vairakas iesp&jas. Pirmkart, asparaginskabes ltmena izmainas var kliit
par jaunu diagnostisko raditaju HAE diferencialdiagnostika. Otrkart, tas var€tu izmantot
terapijas efektivitates monitoréSanai un personaliz€tas terapijas izvelei. Turpmakos pétijumos
varétu koncentréties uz asparaginskabes saistibu ar bradikinina cela aktivitati, ka arT uz tas lomu
endotélija funkcijas regulésana HAE gadijuma (Holecek, 2023a; Yang & Zubarev, 2010).

Lai izvertetu atsevisku metabolitu diagnostisko vértibu, tika veikta ROC liknu analize,
kas atklaja, ka kombin&tu metabolitu raditaji iegiist ievérojami augstaku diagnostisko precizitati
salidzinajuma ar atseviSku biomarkieru izmantoSanu. Starp 11 analiz€tajiem metabolitiem,
kuriem noteikta AUC vertiba virs 0,7, divas metabolitu kombinacijas demonstr&ja seviski
perspektivus rezultatus HAE diagnostika. Pirma  nozimigda  kombinacija
(hidroksiprolins x cistins) / (kreatinins X izovalerilkarnitins) uzradija izcili augstu diagnostisko
precizitati ar 100 % jutibu un 90 % specifiskumu. Sis raditajs atspogulo HAE raksturigos
patofiziologiskos procesus: paaugstinats hidroksiprolina Itmenis norada uz paatrinatu kolagéna
katabolismu, kas saistits ar bradikinina ietekmi uz saistaudiem, savukart pazeminats cistina
limenis atspogulo oksidativo stresu un iminatbildes traucgjumus. Kreatinina korekcija lauj
normaliz&t rezultatus attieciba pret muskulu masu, bet izovalerilkarnitina limena pazeminajums
norada uz trauc€tiem lipidu metabolisma procesiem (McBean & Flynn, 2001; Yu & Long, 2016).

Otraja nozimigaja kombinacija — glicina un asparagina attiecibai (Gly/Asn) — tika
konstatgta ievérojama diagnostiska vertiba, kas izpauzas ka 90 % jutiba un 85,7 % specifiskums
HAE atskir$anai no idiopatiskas angioedémas. Sis aminoskabju attiecibas izmainas liecina par
HAE raksturigiem metaboliskiem traucgjumiem, kur paaugstinata glicina koncentracija,
iesp€jams, atspogulo paatrinatu kolagéna noardiSanos, kas saistita ar pastiprinatu audu
remodeléSanos un iekaisuma procesiem, raksturigiem angioedémas epizodém. Vienlaikus
pazeminats asparagina limenis var€tu noradit uz traucgjumiem slapekla metabolisma, kas ir
viens no HAE patogenézes pamatmehanismiem saistiba ar C1 inhibitora deficitu un kallikreina-
kinina sistémas hiperaktivaciju. Biomarkieru kombinaciju izmantoSana lauj iegit
visaptverosaku slimibas patogenézes prieksstatu un rada jaunas iespéjas diferencialdiagnostika.
Ipasi nozimigi $ie raditdji ir smagu HAE formu gadijumos vai kad kliniskas izpausmes ir
nespecifiskas, ka ar1 situacijas, kur nepiecieSams atri veikt diferencialdiagnostiku starp
dazadiem angioedému tipiem. Turpmakos pétijumos varétu koncentréties uz So metabolitu
profila dinamikas izp&ti uzliesmojumu laika, ka ar1 to saistibu ar Cl-inhibitora aktivitati un
kallikreina-kinina sistémas aktivaciju. Sada pieeja varétu radit jaunas iespgjas gan slimibas
agrinai diagnostikai, gan terapijas efektivitates monitorésanai (Holecek, 2023a; Hyung et al.,

2004; Kikuchi et al., 2008; Yang & Zubarev, 2010).
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legtitie rezultati liecina, ka HAE metaboliskas izmainas ir kompleksas un ietekmé
vairakus savstarp&ji saistitus vielmainas celus. Vairaku metabolitu kopiga izpéte sniedz
ievérojamas diagnostiskas prieksSrocibas, laujot ne tikai precizak identificét slimibu, bet ari
objektivak novertét tas progreséianas dinamiku un prognozét terapijas efektivitati. ST pieeja ir
1pasi nozimiga kliniskaja prakse, kur standarta diagnostikas metodes biezi vien nav pietickami
jutigas. Turpmakajos pétijumos butu 1pasi svarigi veikt ieglito datu validaciju lielaka un
daudzveidigaka pacientu populacija, lai nodroSinatu rezultatu ticamibu. Biitiska nozime biitu
arT metabolitu ITmenu dinamikas izpetei dazados slimibas posmos, Ipasi uzliesmojumu laika,
kas var¢tu atklat jaunus patogenétiskos mehanismus. VEl viena perspektiva ir detalizéta saistibu
analize starp konkrétiem metabolitiem un Cl-inhibitora aktivitati, kas var€tu veicinat jaunu
terapeitisko pieeju izstrades. Sis pétfjums demonstré, ka metaboloma izpétes pieeja, Tpasi
vairaku metabolitu kombinéta analize, rada jaunas iesp&jas HAE diagnostika un
diferencialdiagnostika. Identificetas metaboliskas atSkiribas ne tikai uzlabo agrinas diagnostikas
iespgjas, bet arT sniedz pamatu personaliz&tai arstéSanas strat€gijai, nemot véra katra pacienta
unikalos metaboliskos raksturlielumus. Turklat iegiitie rezultati butiski papildina miisu izpratni par
HAE patogenézi, paverot jaunas pétniecibas iesp&jas, kuru galvenais mérkis ir uzlabot diagnostisko

precizitati un terapijas efektivitati, tad€jadi uzlabojot pacientu dzives kvalitati.
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Secinajumi

. HAE prevalence Latvija ir zemaka, neka noradits literatira un salidzinajuma ar citu valstu

pétijumiem.

. HAE pacientu kliniska daudzveidiba Latvija, tostarp tusku lokalizacija, prodromalie

simptomi, provocgjosie faktori u. c., biitiski neatskiras no literatiira aprakstitajiem datiem,

bet laiks kop$ pirmajiem simptomiem un diagnozes precizéSanu Latvija salidzinajuma ar
citu valstu datiem norada uz bitiski novélotu HAE diagnozes noteikSanu.

. HAE V/1I tipa pacientiem tika identific&ti izraisoSie genétiskie varianti SERPING1 géna ar

standarta genétisko izmekléSanu. Pacientu grupa ar nC1-INH HAE genétiski diagnoze tika

apstiprinata vienam pacientam, identific&jot patogéno variantu PLG géna.

. Padzilinata gengtiska analize, izmantojot genoma un eksoma sekvencésanu HAE pacientu

grupa, papildu rezultatus nesniedza. Negativa izmekl&juma gadijuma, parskatot klinisko

diagnozi HAE I/1II tipa pacientiem, tika identificeti citi klinisko simptomu c€loni.

. Metaboloma pétijuma rezultati apstiprina, ka HAE pacientiem raksturigas specifiskas

metabolitu izmainas salidzinajuma ar kontroles grupas dalibniekiem, noradot uz

metaboloma analizes potencialu §is retas slimibas diagnosticgSana:

a) izmainitais izovalerilkarnitina, hidroksiprolina un cistina Iimenis diferencé HAE
pacientus no veseliem individiem un idiopatiskas angioedémas pacientiem, noradot uz so
metabolitu potencialu ka HAE diagnostisko biomarkieri;

b) vairaku metabolitu kombinacijas, piem&ram, hidroksiprolina un cistina attieciba pret
kreatininu un izovalerilkarnitinu (OH-Pro % cistins) / (Cr x IVC) varétu bt ka papildu

diagnostikas kritérijs HAE noteikSanai.
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Priekslikumi

. Lai veicinatu HAE atpaziSanu un p&c iespgjas agrinaku diagnozes noteikSanu, atkartoti
javeic plasaka dazadu specialitaSu mediku un sabiedribas izglitoSana par HAE kliniskajam
pazimém, diagnostikas un arsté€Sanas iesp&jam.

. Lai uzlabotu HAE diagnostiku, biitu lietderigi izveidot skrininga algoritmus, kas paredzeti

pacientiem ar neskaidram angioedémam un HAE pacientu radiniekiem.

. Turpinat izp@ti un meklet iemeslus, kadel dalai pacientu neizdodas atrast patog€nus

variantus:

a) paplaSinat pacientu grupu, sadarbojoties ar citu valstu centriem;

b) parskatit diagnozi, tai sekojot ilgtermina;

c) pétit art citus faktorus, kas varétu ietekmeét HAE attistibu (epigenétiskas, mikro-RNS,
vides faktori);

d) iesp&jams, slimibas iemesls ir saistits ar génu izteiksmes regulaciju vai génu interakcijam,
kuras nav cie§i saistitas ar nekodgjosiem vai strukturaliem variantiem. Saja gadijuma
varétu but noderigi paplasinat izp€ti uz transkripcionalo regulaciju vai proteinu
mijiedarbibu pétijjumiem.

. Lai parliecinatos par metaboloma pétijuma atrades specifiskuma un jutibas precizitati,

velams veikt validaciju prospektiva grupa. Meérktiecigi biitu art salidzinat HAE pacientu

metaboloma analizi ne tikai ar idiopatisku angioedému, bet arT ar cita veida angioedémam,
tostarp cita veida bradikinina un tuklo Stnu mediétam. Tapat svarigi butu salidzinat
metabolitu [imenu potencialas izmainas uzliesmojuma laika un starp tiem.

. Rezultatu nozimiguma apstiprinaSanai ieteicams pétijuma ieklaut lielaku pacientu grupu,

apvienojot pacientus no vairakiem HAE centriem. Tas sniegtu iesp&ju izpétit art metaboloma

izmainas, saistitas ar HAE tipu, patogéno variantu un slimibas smagumu, tad&jadi uzlabojot

izpratni par slimibas patogen&zi un veicinot personalizétu pieeju slimibas vadiba.

84



Publikaciju, zinojumu un patentu saraksts par promocijas darba tému

Publikacijas:

1.

Kanepa, A., Nartisa, 1., Rots, D., Gailite, L., Farkas, H., Kurjane, N. 2023. National survey on
clinical and genetic characteristics of patients with hereditary angioedema in Latvia. Allergy Asthma
Clin Immunol. 19, 28 (2023). DOI:10.1186/s13223-023-00783-6.

Rozevska, M., Kanepa, A., Purina, S., Gailite, L., Nartisa, I., Farkas, H., Rots, D., Kurjane, N. 2024.
Hereditary or acquired? Comprehensive genetic testing assists in stratifying angioedema patients.
Allergy Asthma Clin Immunol. 2024 Mar 30;20(1):28. doi: 10.1186/s13223-024-00889-5.

Kanepa, A., Fan, J., Rots, D., Vaska, A., Ansone, L., Briviba, M., Klovins, J., Kurjane, N.*, Klavins,
K.*. 2024. Exploring disease-specific metabolite signatures in hereditary angioedema patients.
Front Immunol. 2024 Apr 25;15:1324671. doi: 10.3389/fimmu.2024.1324671.

Lapina, L., Kanepa, A., Zolovs, M., Buttgereit, T., Kurjane, N. 2025. Adaptation and Linguistic
Validation of Angioedema PROMs in Latvian for Assessing Recurrent Angioedema. J Clin Med.
2025 Feb 19;14(4):1375. doi: 10.3390/jcm14041375.

Kurjane, N., Kanepa, A., Purina, S., Lapina, L., Ress, K., Savisaar, M., Gasiuniene, E., Bajoriuniene,
1., Linauskiene, K., Chomiciene, A., Gradauskiene, B., Malinauskiene, L. Epidemiological and
clinical characteristics of hereditary angioedema in the Baltic states. Front Immunol. 2026 Feb
25;17:1696479. doi: 10.3389/fimmu.2026.1696479. PMID: 41822472.

Zinojumi un tezes:

Kanepa, A., Purina, S., Rots, D., Nartisa, I., Gailite, L., Kurjane, N. 2021. Abdominal attacks as
a first manifestation of hereditary angioedema: case report. Riga Stradin$ University International
Research Conference on Medical and Health Care Sciences “Knowledge for Use in Practice”.
24.-26.03.2021.

Kanepa, A., Malinauskiene, L., Sitkauskiene, B., Bajoriuniene, 1., Purina, S., Lozovskis, V., Milta,
S., Kurjane, N. 2021. Hereditary angioedema in Latvia and Lithuania. 79th Scientific Conference
of the University of Latvia. The International Scientific Conference on Medicine. 23.-24.04.2021.,
Medicina (Kaunas) 2021; 57(Supplement 1):82.

Kanepa, A., Gailite, L., Nartisa, I., Isakova, J., Rots, D., Kurjane, N. 2021. Clinical and genetic
diversity of hereditary angioedema in Latvia. 12th Cl-inhibitor Deficiency & Angioedema Online
Workshop. 3.-6.06.2021.

Kanepa, A., Malinauskiene, L., Sitkauskiene, B., Bajoriuniene, 1., Ress, K., Savisaar, M., Purina,
S., Milta, S., Kurjane, N. 2021. Hereditary angioedema in the Baltic states. The European Academy
of Allergy and Clinical Immunology (EAACI) hybrid congress. 10.—12.07.2021.

Kurjane, N., Kanepa, A., Nartisa, ., Gailite, L.. 2022. Hereditary angioedema: complicated diagnosis
even in the era of genomic testing. The European Academy of Allergy and Clinical Immunology
(EAAC]) hybrid congress 2022. 1.-3.07.2022.

Kanepa, A., Kurjane, N., Ansone, L., Jingzhi, F., Klovins, J., Klavins, K. 2023. Altered Blood
Metabolome in Hereditary Angioedema Patients. Riga Stradin$ University International Research
Conference on Medical and Health Care Sciences “Knowledge for Use in Practice”. 29.—31.03.2023.

Kanepa, A., Kurjane, N. Quality of life in patients with hereditary angioedema in Latvia. 2023. 13th
Cl-Inhibitor Deficiency and Angioedema Workshop. Abstracts, 4.—7.05.2023., 158.

Purina, S., Kanepa, A., Ziedone, G., Rots, D., Gailite, L., Kurjane, N. 2023. Case report from
Latvia — Hereditary angioedema with a mutation in the plasminogen gene 2023. 13th C1-Inhibitor
Deficiency and Angioedema Workshop. Abstracts, 4.—7.05.2023., 193.

Kanepa, A., Purina, S., Kurjane, N. 2025. Comorbidities in Hereditary Angioedema (HAE) Patients
in Latvia: A Clinical and Epidemiological Assessment. Riga Stradin§ University International
Research Conference on Medical and Health Care Sciences “Knowledge for Use in Practice”.
24.-28.03.2025.

85



10.

11.

12.

13.

14.

Literatuiras un avotu saraksts

Alonso, M. L. O., Valle, S. O. R, Tértora, R. P., Grumach, A. S., Fran¢a, A. T., & Ribeiro, M. G.
(2020). Hereditary angioedema: a prospective study of a Brazilian single-center cohort.
International Journal of Dermatology, 59(3), 341-344. https://doi.org/10.1111/ijd. 14676

Alseekh, S., Aharoni, A., Brotman, Y., Contrepois, K., D’Auria, J., Ewald, J., C. Ewald, J., Fraser,
P. D., Giavalisco, P., Hall, R. D., Heinemann, M., Link, H., Luo, J., Neumann, S., Nielsen, J., Perez
de Souza, L., Saito, K., Sauer, U., Schroeder, F. C., ... Fernie, A. R. (2021). Mass
spectrometry-based metabolomics: a guide for annotation, quantification and best reporting practices.
Nature Methods 2021 18:7, 18(7), 747-756. https://doi.org/10.1038/s41592-021-01197-1

Ariano, A., D’ Apolito, M., Bova, M., Bellanti, F., Loffredo, S., D’ Andrea, G., Intrieri, M., Petraroli,
A., Maffione, A. B., Spadaro, G., Santacroce, R., & Margaglione, M. (2020). A myoferlin
gain-of-function variant associates with a new type of hereditary angioedema. Allergy, 75(11),
2989-2992. https://doi.org/10.1111/ALL.14454

Aygoren-Piirsiin, E., Magerl, M., Maetzel, A., & Maurer, M. (2018). Epidemiology of
Bradykinin-mediated angioedema: A systematic investigation of epidemiological studies.
Orphanet Journal of Rare Diseases, 13(1). https://doi.org/10.1186/s13023-018-0815-5

Azmy, V., Brooks, J. P., & Hsu, F. I. (2020). Clinical presentation of hereditary angioedema.
Allergy and Asthma Proceedings, 41(6), S18—S21. https://doi.org/10.2500/AAP.2020.41.200065

Bagger, F. O., Borgwardt, L., Jespersen, A. S., Hansen, A. R., Bertelsen, B., Kodama, M., &
Nielsen, F. C. (2024). Whole genome sequencing in clinical practice. BMC Medical Genomics,
17(1). https://doi.org/10.1186/S12920-024-01795-W

Batlle-Maso, L., Perurena-Prieto, J., Vifias-Giménez, L., Aguilo-Cucurull, A., Fernandez-Alvarez,
P., Gil-Serrano, J., Guilarte, M., & Colobran, R. (2025). De Novo or inherited: gonosomal
mosaicism in hereditary angioedema due to C1 inhibitor deficiency. Frontiers in Immunology, 16,
1550380. https://doi.org/10.3389/FIMMU.2025.1550380

Bellanti, J. A., & Settipane, R. A. (2021). Hereditary angioedema again revisited. Allergy and
Asthma Proceedings, 42(2), 105-107. https://doi.org/10.2500/AAP.2021.42.210009

Bellanti, J. A., & Settipane, R. A. (2025). From burden to breakthrough: Advances in hereditary
angioedema, drug allergy, and allergic disease prevention. Allergy and Asthma Proceedings, 46(3),
161-164. https://doi.org/10.2500/AAP.2025.46.250030

Betschel, S. D., Banerji, A., Busse, P. J.,, Cohn, D. M., & Magerl, M. (2023). Hereditary
Angioedema: A Review of the Current and Evolving Treatment Landscape. Journal of Allergy and
Clinical Immunology: In Practice, 11(8), 2315-2325. https://doi.org/10.1016/j.jaip.2023.04.017

Bocquet, A., Pagnier, A., Boccon-Gibod, 1., Defendi, F., Dumestre-Perard, C., Hardy, G., &
Bouillet, L. (2025). Early diagnosis of hereditary angioedema in children: genetic testing should be
prioritized. Allergy, Asthma, and Clinical Immunology : Official Journal of the Canadian Society
of Allergy and Clinical Immunology, 21(1). https://doi.org/10.1186/S13223-025-00950-X

Bork, K., Anderson, J. T., Caballero, T., Craig, T., Johnston, D. T., Li, H. H., Longhurst, H. J.,
Radojicic, C., & Riedl, M. A. (2021). Assessment and management of disease burden and quality
of life in patients with hereditary angioedema: a consensus report. Allergy, Asthma, and Clinical
Immunology : Official Journal of the Canadian Society of Allergy and Clinical Immunology, 17(1).
https://doi.org/10.1186/S13223-021-00537-2

Bork, K., Machnig, T., Wulff, K., Witzke, G., Prusty, S., & Hardt, J. (2020). Clinical features of
genetically characterized types of hereditary angioedema with normal C1 inhibitor: a systematic
review of qualitative evidence. Orphanet Journal of Rare Diseases, 15(1). https://doi.org/10.1186/
$13023-020-01570-x

Bork, K., Wulff, K., Mohl, B. S., Steinmiiller-Magin, L., Witzke, G., Hardt, J., & Meinke, P. (2021).
Novel hereditary angioedema linked with a heparan sulfate 3-O-sulfotransferase 6 gene mutation.
The Journal of Allergy and Clinical Immunology, 148(4), 1041-1048. https://doi.org/10.1016/
JJACIL.2021.01.011

86



15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

Bork, K., Wulff, K., Rossmann, H., Steinmiiller-Magin, L., Brenne, 1., Witzke, G., & Hardt, J.
(2019). Hereditary angioedema cosegregating with a novel kininogen 1 gene mutation changing
the N-terminal cleavage site of bradykinin. Allergy, 74(12), 2479-2481. https://doi.org/
10.1111/ALL.13869

Bork, K., Wulff, K., Steinmiiller-Magin, L., Branne, 1., Staubach-Renz, P., Witzke, G., & Hardt,
J. (2018). Hereditary angioedema with a mutation in the plasminogen gene. Allergy, 73(2),
442-450. https://doi.org/10.1111/ALL.13270

Bork, K., Wulff, K., Witzke, G., Machnig, T., & Hardt, J. (2020). Treatment of patients with
hereditary angioedema with the ¢.988A>G (p.Lys330Glu) variant in the plasminogen gene.
Orphanet Journal of Rare Diseases, 15(1), 52. https://doi.org/10.1186/S13023-020-1334-8

Bouillet, L., & Gompel, A. (2013). Hereditary Angioedema in Women. Specific Challenges.
In Immunology and Allergy Clinics of North America (Vol. 33, Issue 4, pp. 505-511).
https://doi.org/10.1016/j.iac.2013.07.006

Broderick, L., Foster, A., Waldman, L. T., Bordone, L., & Yarlas, A. (2025). The adolescent
experience of hereditary angioedema: a qualitative study of disease burden and treatment
experience. Orphanet Journal of Rare Diseases, 20(1), 16. https://doi.org/10.1186/S13023-025-
03539-0

Bygum, A. (2009). Hereditary angio-oedema in Denmark: A nationwide survey. British Journal of
Dermatology, 161(5), 1153—1158. https://doi.org/10.1111/j.1365-2133.2009.09366.x

Caballero, T. (2021). Treatment of hereditary angioedema. Journal of Investigational Allergology
and Clinical Immunology, 31(1), 1-16. https://doi.org/10.18176/jiaci.0653

Caballero, T., Aberer, W., Longhurst, H. J., Maurer, M., Zanichelli, A., Perrin, A., Bouillet, L.,
Andresen, 1., Arcoleo, F., Bova, M., Cicardi, M., Cillari, E., Montinaro, V., Marone, G., Blanchard
Delauny, C., Boccon-Gibod, 1., Coppere, B., Dzviga, C., Fain, O., ... Lorenzo, L. (2017).
The Icatibant Outcome Survey: experience of hereditary angioedema management from six
European countries. Journal of the European Academy of Dermatology and Venereology, 31(7),
1214. https://doi.org/10.1111/JDV.14251

Castaldo, A. J., Jervelund, C., Corcoran, D., Boysen, H. B., Christiansen, S. C., & Zuraw, B. L.
(2021). Assessing the cost and quality-of-life impact of on-demand—only medications for adults
with hereditary angioedema. Allergy and Asthma Proceedings, 42(2), 108. https://doi.org/10.2500/
AAP.2021.42.200127

Centrala statistikas parvalde. (n.d.). Retrieved August 3, 2024, from https://www.csp.gov.lv/lv

Chen, J., Wang, R., Zhang, S., Wang, Y., Chen, Y., Zhang, X., & Lyu, C. (2025). Four patients
with hereditary angioedema with different initial symptoms and clinical features. World Journal of
Emergency Medicine, 16(3), 283-285. https://doi.org/10.5847/WJEM.J.1920-8642.2025.060

Cheng, X., Yang, L., Huang, G., Jin, Y., Hao, X., & Wang, M. (2016). Genetic analysis of
a hereditary factor XII deficiency pedigree of a consanguineous marriage due to a homozygous
F12 gene mutation: Gly341Arg. https://doi.org/10.1080/10245332.2016.1265210

Christiansen, S. C., Banerji, A., Bernstein, J. A., Busse, P. J., Craig, T., Li, H. H., Davis-Lorton,
M., Lumry, W. R., Riedl, M. A., & Zuraw, B. L. (2025). Hereditary Angioedema With Normal C1
Inhibitor: A Quarter Century of Forward Progress and Persisting Obstacles. Journal of Allergy and
Clinical Immunology: In Practice. https://doi.org/10.1016/j.jaip.2025.02.036

Christiansen, S. C., & Zuraw, B. L. (2020). Hereditary angioedema: On-demand treatment of
angioedema attacks. Allergy and Asthma Proceedings, 41(6), S26—S29. https://doi.org/10.2500/
AAP.2020.41.200066

Christiansen, S. C., & Zuraw, B. L. (2023). Hereditary Angioedema: A Test of Our Progress.
Journal of Allergy and Clinical Immunology: In Practice, 11(10), 3211-3212. https://doi.org/
10.1016/j.jaip.2023.07.036

87



30.

31.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Chularojanamontri, L., Kulthanan, K., Tuchinda, P., Rujitharanawong, C., Munprom, K.,
Pochanapan, O., Panjapakkul, W., Maurer, M., & Weller, K. (2023). The validity and reliability of
a Thai version of the Angioedema Control Test: Which recall period is preferable? Asian Pacific
Journal of Allergy and Immunology. https://doi.org/10.12932/AP-270822-1442

Cicardi, M., Aberer, W., Banerji, A., Bas, M., Bernstein, J. A., Bork, K., Caballero, T., Farkas, H.,
Grumach, A., Kaplan, A. P., Riedl, M. A., Triggiani, M., Zanichelli, A., & Zuraw, B. (2014).
Classification, diagnosis, and approach to treatment for angioedema: Consensus report from
the Hereditary Angioedema International Working Group. Allergy: European Journal of Allergy
and Clinical Immunology, 69(5), 602—616. https://doi.org/10.1111/all.12380

ClinVar. (n.d.). Retrieved June 20, 2025, from https://www.ncbi.nlm.nih.gov/clinvar/

Costanzo, G., Sambugaro, G., & Firinu, D. (2024). Hereditary angioedema due to Cl-inhibitor
deficiency: Current therapeutic approaches. Current Opinion in Allergy and Clinical Immunology.
https://doi.org/10.1097/ACI.0000000000001042

D’Apolito, M., Santacroce, R., Vazquez, D. O., Cordisco, G., Fantini, C. A., D’Andrea, G.,
Leccese, A., Colia, A. L., Martinez, P., Zanichelli, A., Josviack, D., & Margaglione, M. (2024).
DAB2IP associates with hereditary angioedema: Insights into the role of VEGF signaling in HAE
pathophysiology. The Journal of Allergy and Clinical Immunology, 154(3), 698-706.
https://doi.org/10.1016/J.JACIL.2024.05.017

Demir, S., Eyice-Karabacak, D., Kocatiirk, E., Unal, D., Toprak, I. D., Korkmaz, P., Aslan, A. F.,
Imren, I. G., Dikicier, B., Kahveci, N., Oztop, N., Kara, R. O., Issever, H., Maurer, M., Weller, K.,
& Gelincik, A. (2024). Monitoring recurrent angioedema: Findings from the Turkish angioedema
control test validation study. Clinical and Translational Allergy, 14(3). https://doi.org/
10.1002/CLT2.12342

Demir, S., Olgag, M., Yegit, O. O., Toprak, I. D., Cakmak, M. E., Hormet, M. 1., Oztop, N,
Korkmaz, P., Celik, S. K., Karabacak, D. E., Kahveci, N., Imren, I. G., Erden, B., Coskun, R.,
Karadag, P., Unal, D., & Gelincik, A. (2025). Prediction of hereditary angioedema during attacks
in patients with recurrent angioedema: Awareness at a glance with the hereditary angioedema
prediction score. Clinical and Translational Allergy, 15(4). https://doi.org/10.1002/CLT2.70040

Dias de Castro, E., Pinhal, A. L., Braganga, M., Parente Freixo, J., & Martinho, A. (2024).
Hereditary angioedema with normal Cl-inhibitor: Clinical and genetic characterization of 15
Portuguese unrelated families. Annals of Allergy, Asthma & Immunology : Olfficial Publication of
the American College of Allergy, Asthma, & Immunology. https://doi.org/10.1016/
J.LANAIL2024.01.027

Dickeson, S. K., Kumar, S., Sun, M. fu, Litvak, M., He, T. Z., Phillips, D. R., Roberts, E. T., Feener,
E. P., Law, R. H. P., & Gailani, D. (2024). A mechanism for hereditary angioedema caused by
a methionine-379-to-lysine substitution in kininogens. Blood, 143(7), 641-650. https://doi.org/
10.1182/BLOOD.2023022254

Duan, Q. L., Binkley, K., & Rouleau, G. A. (2009). Genetic analysis of Factor XII and bradykinin
catabolic enzymes in a family with estrogen-dependent inherited angioedema. Journal of Allergy
and Clinical Immunology, 123(4), 906-910. https://doi.org/10.1016/j.jaci.2008.12.010

Durmaz, M. S. B., & Sevimli, N. (2025). Attack frequency and associated factors in hereditary
angioedema patients: a single-centre experience. Postepy Dermatologii i Alergologii, 42(1), 75-82.
https://doi.org/10.5114/ADA.2024.144488

Farkas, H., Doéczy, A., Szabo, E., Varga, L., & Csuka, D. (2021). Screening for Plasminogen
Mutations in Hereditary Angioedema Patients. Genes, 12(3). https://doi.org/10.3390/
GENES12030402

Fijen, L. M., Vera, C., Buttgereit, T., Bonnekoh, H., Maurer, M., Magerl, M., & Weller, K. (2023).
Sensitivity to change and minimal clinically important difference of the angioedema control test.
https://doi.org/10.1002/clt2.12295

88



43.

44.

45.

46.

47.

48.

49.

50.

51.

52.
53.

54.

55.

56.

57.

58.

Fisch, S. A., Rundle, A. G., Neugut, A. 1., & Freedberg, D. E. (2025). Worldwide Prevalence of
Hereditary Angioedema: A Systematic Review and Meta-Analysis. International Archives of
Allergy and Immunology. https://doi.org/10.1159/000543321

Greve, J., Kinaciyan, T., Maurer, M., Dillenburger, B., Recke, A., Schoffl, C., Greve, J., Maurer,
M., Recke, A., & Schoffl, C. (2022). Expert consensus on prophylactic treatment of hereditary
angioedema the authors. Allergo J Int, 31, 233-242. https://doi.org/10.1007/s40629-022-00223-8

GrivCeva-Panovska, V., Kosnik, M., Korosec, P., Andrejevié, S., Karadza-Lapic, L., & Rijavec, M.
(2018). Hereditary angioedema due to Cl-inhibitor deficiency in Macedonia: clinical
characteristics, novel SERPING1 mutations and genetic factors modifying the clinical phenotype.
Annals of Medicine, 50(3), 269-276. https://doi.org/10.1080/07853890.2018.1449959

Grombirikova, H., Bily, V., Soucek, P., Kramarek, M., Hakl, R., Ballonova, L., Ravcukova, B.,
Ricna, D., Kozena, K., Kratochvilova, L., Sobotkova, M., Zachova, R., Kuklinek, P., Kralickova,
P., Krcmova, 1., Hanzlikova, J., Vachova, M., Krystufkova, O., Dankova, E., ... Freiberger, T.
(2023). Systematic Approach Revealed SERPING1 Splicing-Affecting Variants to be Highly
Represented in the Czech National HAE Cohort. Journal of Clinical Immunology, 43(8), 1974.
https://doi.org/10.1007/S10875-023-01565-W

Grumach, A. S., Riedl, M. A., Cheng, L., Jain, S., Nova Estepan, D., & Zanichelli, A. (2025).
Hereditary angioedema diagnosis: Reflecting on the past, envisioning the future. The World Allergy
Organization Journal, 18(6), 101060. https://doi.org/10.1016/j.waojou.2025.101060

Grumach, A. S., Veronez, C. L., Csuka, D., & Farkas, H. (n.d.). Angioedema Without Wheals:
Challenges in Laboratorial Diagnosis. Front Immunol. 2021 Dec 8;12:785736. https://doi.org/
10.3389/fimmu.2021.785736

Guan, X., Sheng, Y., Liu, S., He, M., Chen, T., & Zhi, Y. (2024). Epidemiology, economic, and
humanistic burden of hereditary angioedema: a systematic review. Orphanet Journal of Rare
Diseases, 19(1), 1-20. https://doi.org/10.1186/S13023-024-03265-Z/TABLES/4

Guasch-Ferré, M., Zheng, Y., Ruiz-Canela, M., Hruby, A., Martinez-Gonzalez, M. A., Clish, C. B.,
Corella, D., Estruch, R., Ros, E., Fitd, M., Dennis, C., Morales-Gil, I. M., Ar¢s, F., Fiol, M.,
Lapetra, J., Serra-Majem, L., Hu, F. B., & Salas-Salvado, J. (2016). Plasma acylcarnitines and risk
of cardiovascular disease: effect of Mediterranean diet interventions. The American Journal of
Clinical Nutrition, 103(6), 1408. https://doi.org/10.3945/AJCN.116.130492

HAE. (n.d.). Retrieved March 3, 2022, from http://angioedema.lv
HAE International. (n.d.). Retrieved August 3, 2024, from https://haei.org/

Hashimura, C., Kiyohara, C., Fukushi, J. I., Hirose, T., Ohsawa, 1., Tahira, T., & Horiuchi, T.
(2021). Clinical and genetic features of hereditary angioedema with and without Cl-inhibitor
(C1-INH) deficiency in Japan. In Allergy: European Journal of Allergy and Clinical Immunology
(Vol. 76, Issue 11, pp. 3529-3534). John Wiley and Sons Inc. https://doi.org/10.1111/all.15034

Hintze, S., Mohl, B. S., Beyerl, J., Wulff, K., Wieser, A., Bork, K., & Meinke, P. (2022). Mutant
plasminogen in hereditary angioedema is bypassing FXIl/kallikrein to generate bradykinin.
Frontiers in Physiology, 13, 1090732. https://doi.org/10.3389/fphys.2022.1090732

Holecek, M. (2023a). Aspartate-glutamate carrier 2 (citrin): a role in glucose and amino acid metabolism
in the liver. BMB Reports, 56(7), 385-391. https://doi.org/10.5483/BMBRep.2023-0052

Hole¢ek, M. (2023b). Aspartic Acid in Health and Disease. Nutrients, 15(18), 4023.
https://doi.org/10.3390/NU15184023

Honda, D., Li, P. H., Jindal, A. K., Katelaris, C. H., Zhi, Y. X., Thong, B. Y. H., & Longhurst, H.
J. (2024). Uncovering the true burden of hereditary angioedema due to Cl-inhibitor deficiency:
A focus on the Asia-Pacific region. Journal of Allergy and Clinical Immunology, 153(1), 42-54.
https://doi.org/10.1016/j.jaci.2023.09.039

Honda, D., Ohsawa, 1., Mano, S., Rinno, H., Tomino, Y., & Suzuki, Y. (2021). Cut-off value of
Cl-inhibitor function for the diagnosis of hereditary angioedema due to Cl-inhibitor deficiency.
Intractable and Rare Diseases Research, 10(1), 42—47. https://doi.org/10.5582/IRDR.2020.03099

89



59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Hu, S., He, W., & Wu, G. (2022). Hydroxyproline in animal metabolism, nutrition, and cell
signaling. Amino Acids, 54(4), 513-528. https://doi.org/10.1007/s00726-021-03056-x

Hyung, H. L., Do, J. K., Hyung, J. A., Jun, Y. H., & Se, W. S. (2004). Crystal structure of T-protein
of the glycine cleavage system: Cofactor binding, insights into H-protein recognition, and
molecular basis for understanding nonketotic hyperglycinemia. Journal of Biological Chemistry,
279(48), 50514-50523. https://doi.org/10.1074/jbc.M409672200

Iwamoto, H., Okihara, M., Akashi, 1., Kihara, Y., Konno, O., Kawachi, S., Sunamura, M., &
Sugimoto, M. (2022). Metabolomic Profiling of Plasma, Urine, and Saliva of Kidney
Transplantation Recipients. International Journal of Molecular Sciences, 23(22). https://doi.org/
10.3390/1JMS232213938

Jacobs, J., & Neeno, T. (2021). The importance of recognizing and managing a rare form of
angioedema: hereditary angioedema due to Cl-inhibitor deficiency. Postgraduate Medicine,
133(6), 639-650. https://doi.org/10.1080/00325481.2021.1905364

Jans, J. J., Broeks, M. H., & Verhoeven-Duif, N. M. (2022). Metabolomics in diagnostics of inborn
metabolic disorders. Current Opinion in Systems Biology. 2022;29:100409. https://doi.org/
10.1016/j.coisb.2021.100409

Jiang, L., Dai, C., Duan, S., Wang, T., Xie, C., Zhang, L., Ye, Z., Ma, X., & Shi, Y. (2025).
Correction To: Uncovering a novel SERPING1 pathogenic variant: insights into the aggregation of
C1-INH in hereditary angioedema. Orphanet Journal of Rare Diseases, 20(1), 52. https://doi.org/
10.1186/S13023-025-03572-Z

Kanepa, A., Fan, J., Rots, D., Vaska, A., Ansone, L., Briviba, M., Klovins, J., Kurjane, N., &
Klavins, K. (2024). Exploring disease-specific metabolite signatures in hereditary angioedema
patients. Frontiers in Immunology, 15. https://doi.org/10.3389/FIMMU.2024.1324671

Kaplan, A. P.,, & Maas, C. (2017). The search for biomarkers in hereditary angioedema.
In Frontiers in Medicine (Vol. 4, Issue NOV). Frontiers Media S.A. https://doi.org/
10.3389/fmed.2017.00206

Kertz, S., Bigda-Peyton, J., & Bjorgvinsson, T. (2013). Validity of the generalized anxiety
disorder-7 scale in an acute psychiatric sample. Clinical Psychology and Psychotherapy, 20(5),
456-464. https://doi.org/10.1002/cpp.1802

Kikuchi, G., Motokawa, Y., Yoshida, T., & Hiraga, K. (2008). Glycine cleavage system: reaction
mechanism, physiological significance, and hyperglycinemia. Proceedings of the Japan Academy.
Series B, Physical and Biological Sciences, §4(7), 246—263. https://doi.org/10.2183/PJAB.84.246

Kulthanan, K., Chularojanamontri, L., Rujitharanawong, C., Weerasubpong, P., Maurer, M., &
Weller, K. (2019). Angioedema quality of life questionnaire (AE-QoL) - interpretability and
sensitivity to change. Health and Quality of Life Outcomes, 17(1). https://doi.org/10.1186/S12955-
019-1229-3

Kyrle, P. A., & Eichinger, S. (2024). Hereditary angioedema: beyond swelling. Blood, 144(4),
354-355. https://doi.org/10.1182/blood.2024024958

Langrock, T., & Hoffmann, R. (2019). Analysis of Hydroxyproline in Collagen Hydrolysates.
Methods in Molecular Biology (Clifton, N.J.), 2030, 47-56. https://doi.org/10.1007/978-1-4939-
9639-1 5

Launay, D., Bouillet, L., Boccon-Gibod, 1., Trumbic, B., Gobert, D., & Fain, O. (2023). Hereditary
angioedema and its new treatments: An update. Revue de Medecine Interne, 44(7), 344-353.
https://doi.org/10.1016/j.revimed.2023.01.020

Leibovich-Nassi, 1., & Reshef, A. (2021). The Enigma of Prodromes in Hereditary Angioedema
(HAE). In Clinical Reviews in Allergy and Immunology (Vol. 61, Issue 1, pp. 15-28). Springer.
https://doi.org/10.1007/s12016-021-08839-4

Leiherer, A., Muendlein, A., Saely, C. H., Laaksonen, R., Fraunberger, P., & Drexel, H. (2024).
Ceramides improve cardiovascular risk prediction beyond low-density lipoprotein cholesterol.
European Heart Journal Open, 4(1), oeae001. https://doi.org/10.1093/EHJOPEN/OEAEQ01

90



75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

Lewerenz, J., Hewett, S. J., Huang, Y., Lambros, M., Gout, P. W., Kalivas, P. W., Massie, A.,
Smolders, 1., Methner, A., Pergande, M., Smith, S. B., Ganapathy, V., & Maher, P. (2013).
The Cystine/Glutamate Antiporter System xc— in Health and Disease: From Molecular
Mechanisms to Novel Therapeutic Opportunities. Antioxidants & Redox Signaling, 18(5), 522.
https://doi.org/10.1089/ARS.2011.4391

Li, H. H. (2020). Hereditary angioedema: Long-term prophylactic treatment. Allergy and Asthma
Proceedings, 41, S35-S37. https://doi.org/10.2500/AAP.2020.41.200092

Lindstrom, H. (2024). Metabolomics: Open Access Commentary Metabolomics as a Tool for
Identifying Novel Biomarkers in Neurodegenerative Diseases. https://doi.org/10.37421/2153-
0769.2024.14.396

Longhurst, H., & Cicardi, M. (2012). Hereditary angio-oedema. In The Lancet (Vol. 379,
Issue 9814, pp. 474-481). Elsevier B.V. https://doi.org/10.1016/S0140-6736(11)60935-5

Longhurst, H. J., Tarzi, M. D., Ashworth, F., Bethune, C., Cale, C., Dempster, J., Gompels, M.,
Jolles, S., Seneviratne, S., Symons, C., Price, A., & Edgar, D. (2015). C1 inhibitor deficiency: 2014
United Kingdom consensus document. Clinical and Experimental Immunology, 180(3), 475—483.
https://doi.org/10.1111/CEIL. 12584

Lopez Lera, A. (2021). Pathophysiology and underlying mechanisms in hereditary angioedema.
Balkan Medical Journal, 38(2), 82—88. https://doi.org/10.4274/BALKANMEDJ.GALENOS.2020.
2020.10.166

Lumry, W. R., & Settipane, R. A. (2020). Hereditary angioedema: Epidemiology and burden of
disease. Allergy and Asthma Proceedings, 41(6), S8—S13. https://doi.org/10.2500/AAP.2020.
41.200050

Lyons, J. J., Farkas, H., Germenis, A. E., Rijavec, M., Smith, T. D., & Valent, P. (2023). Genetic
Variants Leading to Urticaria and Angioedema and Associated Biomarkers. Journal of Allergy and
Clinical Immunology: In Practice, 11(8), 2286-2301. https://doi.org/10.1016/j.jaip.2023.05.031

Magerl, M., Doumoulakis, G., Kalkounou, 1., Weller, K., Church, M. K., Kreuz, W., & Maurer, M.
(2014). Characterization of prodromal symptoms in a large population of patients with hereditary
angio-oedema. Clinical and Experimental Dermatology, 39(3), 298-303. https://doi.org/
10.1111/ced.12285

Magerl, M., Martinez-Saguer, 1., Schauf, L., Pohl, S., & Brendel, K. (2023). The current situation
of hereditary angioedema patients in Germany: results of an online survey. Frontiers in Medicine,
10. https://doi.org/10.3389/FMED.2023.1274397/FULL

Magerl, M., Riedl, M. A., Arruda, L. K., Bauer, A., Berardi, A., Bernstein, J. A., Bouillet, L.,
Buckland, M., Buttgereit, T., Cohn, D. M., Craig, T., Criado, R. F., Du-Thanh, A., Fain, O.,
Gongalo, M., Greve, J., Grumach, A. S., Guilarte, M., Katelaris, C., ... Maurer, M. (2025). Global
frequency, diagnosis, and treatment of hereditary angioedema with normal C1 inhibitor.
The Journal of Allergy and Clinical Immunology. Global, 4(3). https://doi.org/10.1016/
J.JACIG.2025.100446

Mak, H. W. F., Wong, J. C. Y., So, S. W. M., Lam, D. L. Y., Weller, K., Maurer, M., & Li, P. H.
(2024). Validation and correlations of the Angioedema Activity Score (AAS), Angioedema Quality
of Life (AE-QoL) questionnaire, and Angioedema Control Test (AECT) in Chinese patients with
angioedema. The Journal of Allergy and Clinical Immunology. Global, 3(4), 100295.
https://doi.org/10.1016/j.jacig.2024.100295

Manning, M. E. (2020). Hereditary angioedema: Differential diagnosis, diagnostic tests, and family
screening. Allergy and Asthma Proceedings, 41(6), S22-S25. https://doi.org/10.2500/
AAP.2020.41.200062

Mathur, D., Liao, C., Lin, W., La Ferlita, A., Alaimo, S., Taylor, S., Zhong, Y., lacobuzio-Donahue,
C., Ferro, A., & Xavier, J. B. (2023). The Ratio of Key Metabolic Transcripts Is a Predictive
Biomarker of Breast Cancer Metastasis to the Lung. Cancer Research, 83(20), 3478-3491.
https://doi.org/10.1158/0008-5472.CAN-23-0153

91



89.

90.

91.

92.

93.

94.
95.

96.

97.

98.

99.

Maurer, M., Magerl, M., Betschel, S., Aberer, W., Ansotegui, 1. J., Aygoren-Piirsiin, E., Banerji,
A., Bara, N. A., Boccon-Gibod, 1., Bork, K., Bouillet, L., Boysen, H. B., Brodszki, N., Busse, P. J.,
Bygum, A., Caballero, T., Cancian, M., Castaldo, A., Cohn, D. M., ... Craig, T. (2022).
The international WAO/EAACI guideline for the management of hereditary angioedema —
The 2021 revision and update. Allergy: European Journal of Allergy and Clinical Immunology,
77(7), 1961-1990. https://doi.org/10.1111/all.15214

McBean, G. J., & Flynn, J. (2001). Molecular mechanisms of cystine transport. Biochemical Society
Transactions, 29(Pt 6), 717. https://doi.org/10.1042/0300-5127:0290717

Mendivil, J., Murphy, R., de la Cruz, M., Janssen, E., Boysen, H. B., Jain, G., Aygoren-Piirsiin, E.,
Hirji, 1., & Devercelli, G. (2021). Clinical characteristics and burden of illness in patients with
hereditary angioedema: findings from a multinational patient survey. Orphanet Journal of Rare
Diseases, 16(1). https://doi.org/10.1186/S13023-021-01717-4

Mordaunt, D., Cox, D., & Fuller, M. (2020). Metabolomics to Improve the Diagnostic Efficiency
of Inborn Errors of Metabolism. Int J Mol Sci. 2020 Feb 11;21(4):1195. https://doi.org/
10.3390/ijms21041195

Mormile, 1., Suffritti, C., & Bova, M. (2025). Exploring the management of recurrent angioedema
caused by different mechanisms. Current Opinion in Allergy and Clinical Immunology, 25(1).
https://doi.org/10.1097/ACI.0000000000001047

MOXIE. (n.d.). Retrieved June 3, 2022, from https://moxie-gmbh.de

Muna, N. D., Ahmed, T. A., Madaka, S. K., Nimer, T. Z., Hamdan, S. 1., Ghaith, S. N., Alshaer, T.
J., & Naqib, M. (2024). Hereditary Angioedema With a Normal Complement Level. Cureus, 16(1).
https://doi.org/10.7759/CUREUS.52291

Nordenfelt, P., Nilsson, M., Bjorkander, J., Mallbris, L., Lindfors, A., & Wabhlgren, C. F. (2016).
Hereditary angioedema in swedish adults: Report from the national cohort. Acta
Dermato-Venereologica, 96(4), 540-545. https://doi.org/10.2340/00015555-2274

Obtulowicz, K., Ksigzek, T., Bogdali, A., Dyga, W., Czarnobilska, E., & Juchacz, A. (2021).
Genetic variants of SERPING1 gene in Polish patients with hereditary angioedema due to C1

inhibitor deficiency. Central European Journal of Immunology, 45(3), 301-309. https://doi.org/
10.5114/CEJI1.2020.101252

Pagnier, A., Dermesropian, A., Kevorkian-Verguet, C., Bourgoin-Heck, M., Hoarau, C., Reumaux,
H., Nugues, F., Audouin-Pajot, C., Blanc, S., Carbasse, A., Jurquet, A. L., Voidey, M., Villedieu,
M., Bouillet, L., & Boccon-Gibod, I. (2024). Hereditary angioedema in children: Review and
practical perspective for clinical management. Pediatric Allergy and Immunology : Olfficial
Publication of the European Society of Pediatric Allergy and Immunology, 35(12).
https://doi.org/10.1111/PAIL.14268

Parsopoulou, F., Loules, G., Zamanakou, M., Csuka, D., Szilagyi, A., Kompoti, M., Porebski, G.,
Psarros, F., Magerl, M., Valerieva, A., Staevska, M., Obtulowicz, K., Maurer, M., Speletas, M.,
Farkas, H., & Germenis, A. E. (2022). Searching for Genetic Biomarkers for Hereditary
Angioedema Due to Cl-Inhibitor Deficiency (C1-INH-HAE). Frontiers in Allergy, 3.
https://doi.org/10.3389/FALGY.2022.868185

100. Patel, G., & Pongracic, J. A. (2019). Hereditary and acquired angioedema. Allergy and Asthma

Proceedings, 40(6), 441-445. https://doi.org/10.2500/aap.2019.40.4267

101. Polai, Z., Kajdacsi, E., Cervenak, L., Balla, Z., Benedek, S., Varga, L., & Farkas, H. (2023).

Cl-inhibitor/Cl-inhibitor antibody complexes in acquired angioedema due to Cl-inhibitor
deficiency. Orphanet Journal of Rare Diseases, 18(1), 1-9. https://doi.org/10.1186/S13023-023-
02625-5/FIGURES/2

102. Proper, S. P., Lavery, W. J., & Bernstein, J. A. (2020). Definition and classification of hereditary

angioedema. Allergy and Asthma Proceedings, 41(6), S3-S7. https://doi.org/10.2500/
AAP.2020.41.200040

92



103.Qiu, S., Cai, Y., Yao, H., Lin, C., Xie, Y., Tang, S., & Zhang, A. (2023). Small molecule
metabolites: discovery of biomarkers and therapeutic targets. Signal Transduction and Targeted
Therapy 2023 8:1, 8(1), 1-37. https://doi.org/10.1038/s41392-023-01399-3

104. Radojicic, C., & Anderson, J. (2024). Hereditary angioedema with normal C1 esterase inhibitor:
Current paradigms and clinical dilemmas. Allergy and Asthma Proceedings, 45(3), 147-157.
https://doi.org/10.2500/aap.2024.45.240010

105. Razak, M. A., Begum, P. S., Viswanath, B., & Rajagopal, S. (2017). Multifarious Beneficial Effect
of Nonessential Amino Acid, Glycine: A Review. Oxidative Medicine and Cellular Longevity,
2017, 1716701. https://doi.org/10.1155/2017/1716701

106.Ren, Z., Zhao, S., Li, T., Wedner, H. J., & Atkinson, J. P. (2023). Insights into the pathogenesis of
hereditary angioedema using genetic sequencing and recombinant protein expression analyses.
The Journal of Allergy and Clinical Immunology, 151(4), 1040-1049.e5. https://doi.org/
10.1016/J.JACI.2022.11.027

107. Reshef, A., Buttgereit, T., Betschel, S. D., Caballero, T., Farkas, H., Grumach, A. S., Hide, M.,
Jindal, A. K., Longhurst, H., Peter, J., Riedl, M. A., Zhi, Y., Aberer, W., Abuzakouk, M., Al Farsi,
T., Al Sukaiti, N., Al-Ahmad, M., Altrichter, S., Aygoren-Piirsiin, E., ... Maurer, M. (2024).
Definition, acronyms, nomenclature, and classification of angioedema (DANCE): AAAAIL
ACAAI, ACARE, and APAAACI DANCE consensus. Journal of Allergy and Clinical
Immunology, 154(2), 398-411.¢1. https://doi.org/10.1016/J.JACI.2024.03.024

108. Reshef, A., Prematta, M. J., & Craig, T. J. (2013). Signs and symptoms preceding acute attacks of
hereditary angioedema: Results of three recent surveys. Allergy and Asthma Proceedings, 34(3),
261-266. https://doi.org/10.2500/aap.2013.34.3663

109. Richards, S., Aziz, N., Bale, S., Bick, D., Das, S., Gastier-Foster, J., Grody, W. W., Hegde, M.,
Lyon, E., Spector, E., Voelkerding, K., & Rehm, H. L. (2015). Standards and guidelines for the
interpretation of sequence variants: A joint consensus recommendation of the American College of

Medical Genetics and Genomics and the Association for Molecular Pathology. Genetics in
Medicine, 17(5), 405—424. https://doi.org/10.1038/gim.2015.30

110. Ritter, A. M. V., Silva, S., de Paula, R., Senra, J., Carvalho, F., Ribeiro, T., & Valle, S. O. R. (2024).
A real-world study of hereditary angioedema patients due to C1 inhibitor deficiency treated with
danazol in the Brazilian Public Health System. Frontiers in Medicine, 11, 1343547.
https://doi.org/10.3389/FMED.2024.1343547/FULL

111.Roche, O., Blanch, A., Caballero, T., Sastre, N., Callejo, D., & Lopez-Trascasa, M. (2005).
Hereditary angioedema due to C1 inhibitor deficiency: Patient registry and approach to
the prevalence in Spain. Annals of Allergy, Asthma and Immunology, 94(4), 498-503.
https://doi.org/10.1016/S1081-1206(10)61121-0

112. Rozevska, M., Kanepa, A., Purina, S., Gailite, L., Nartisa, 1., Farkas, H., Rots, D., & Kurjane, N.
(2024). Hereditary or acquired? Comprehensive genetic testing assists in stratifying angioedema
patients. Allergy, Asthma and Clinical Immunology, 20(1). https://doi.org/10.1186/s13223-024-
00889-5

113. Samec, N., Krapez, G., Skubic, C., JovCevska, 1., & Videti¢ Paska, A. (2025). From Biomarker
Discovery to Clinical Applications of Metabolomics in Glioblastoma. Metabolites, 15(5), 295.
https://doi.org/10.3390/METABO15050295

114. Santacroce, R., D’Andrea, G., Maffione, A. B., Margaglione, M., & d’Apolito, M. (2021).
The Genetics of Hereditary Angioedema: A Review. Journal of Clinical Medicine, 10(9).
https://doi.org/10.3390/jcm10092023

115. Sarkar, A., Nwagwu, C., & Craig, T. (2023). Hereditary Angioedema: A Disease Often
Misdiagnosed and Mistreated. Primary Care - Clinics in Office Practice, 50(2), 295-303.
https://doi.org/10.1016/j.pop.2022.11.005

116. Schmaier, A. H., McCarty, O., Maurer, M., Bygum, A., Busse, P., & Caballero, T. (2017). Disease
Severity, Activity, impact, and Control and How to Assess Them in Patients with Hereditary
Angioedema. Article, 4, 1. https://doi.org/10.3389/fmed.2017.00212

93



117. Schoffl, C., Haas, A., Herrmann, M., & Aberer, W. (2021). The crux of C1-INH testing in everyday
lab work. Journal of Immunological Methods, 497. https://doi.org/10.1016/j.jim.2021.113109

118. Schoffl, C., Wiednig, M., Koch, L., Blagojevic, D., Duschet, P., Hawranek, T., Kinaciyan, T.,
Ollinger, A., & Aberer, W. (2019). Hereditary angioedema in Austria: prevalence and regional
peculiarities. JDDG - Journal of the German Society of Dermatology, 17(4), 416-423.
https://doi.org/10.1111/ddg.13815

119. Schoénig, S., Recke, A., Hirose, M., Ludwig, R. J., & Seeger, K. (2013). Metabolite analysis
distinguishes between mice with epidermolysis bullosa acquisita and healthy mice. Orphanet
Journal of Rare Diseases, 8(1). https://doi.org/10.1186/1750-1172-8-93

120. Sharma, J., Jindal, A. K., Banday, A. Z., Kaur, A., Rawat, A., Singh, S., & Longhurst, H. (2021).
Pathophysiology of Hereditary Angioedema (HAE) Beyond the SERPING1 Gene. Clinical
Reviews in Allergy & Immunology, 60(3), 305-315. https://doi.org/10.1007/S12016-021-08835-8

121. Sharma, R., Basu, S., Tyagi, R., Siniah, S., Barman, P., Sil, A., Machhua, S., Chawla, S.,
Pandiarajan, V., Pilania, R. K., Sharma, S., Dhaliwal, M., Suri, D., Rawat, A., Kumaran, S. M.,
Dogra, S., Singh, S., & Jindal, A. K. (2025). Quality of life in patients with hereditary angioedema
correlates with angioedema control: Our experience at Chandigarh, India. 4sia Pacific Allergy,
15(1), 1-6. https://doi.org/10.5415/APALLERGY.0000000000000172

122. Singh, U., & Bernstein, J. A. (2022). Determining biomarkers for evaluation and diagnosis of
hereditary angioedema. Clinical and Translational Allergy, 12(10). https://doi.org/10.1002/
clt2.12202

123. Sinnathamby, E. S., Issa, P. P., Roberts, L., Norwood, H., Malone, K., Vemulapalli, H.,
Ahmadzadeh, S., Cornett, E. M., Shekoohi, S., & Kaye, A. D. (2023). Hereditary Angioedema:
Diagnosis, Clinical Implications, and Pathophysiology. Advances in Therapy, 40(3), 814-827.
https://doi.org/10.1007/s12325-022-02401-0

124. Smith-Byrne, K., Cerani, A., Guida, F., Zhou, S., Agudo, A., Aleksandrova, K., Barricarte, A.,
Barranco, M. R., Bochers, C. H., Gram, I. T., Han, J., Amos, C. I., Hung, R. J., Grankvist, K., Nest,
T. H., Imaz, L., Chirlaque-Lopez, M. D., Johansson, M., Kaaks, R., Richards, J. B. (2022).
Circulating Isovalerylcarnitine and Lung Cancer Risk: Evidence from Mendelian Randomization
and Prediagnostic Blood Measurements. Cancer Epidemiology, Biomarkers & Prevention :
A Publication of the American Association for Cancer Research, Cosponsored by the American Society
of Preventive Oncology, 31(10), 1966—1974. https://doi.org/10.1158/1055-9965.EPI-21-1033

125. Speletas, M., Boukas, K., Papadopoulou-Alataki, E., Tsitsami, E., & Germenis, A. E. (2009).
Hereditary angioedema in Greek families caused by novel and recurrent mutations.
Human Immunology, 70(11), 925-929. https://doi.org/10.1016/j.humimm.2009.08.010

126. Szabo, E., Csuka, D., Andrasi, N., Varga, L., Farkas, H., & Szilagyi, A. (2022). Overview of
SERPING1 Variations Identified in Hungarian Patients With Hereditary Angioedema. Frontiers in
Allergy, 3, 836465. https://doi.org/10.3389/falgy.2022.836465

127. Trifonova, O. P., Maslov, D. L., Balashova, E. E., & Lokhov, P. G. (2023). Current State and Future
Perspectives on Personalized Metabolomics. Metabolites, 13(1), 67. https://doi.org/10.3390/
METABO13010067

128. Ulmer, C. Z., Maus, A., Hines, J., & Singh, R. (2021). Challenges in Translating Clinical
Metabolomics Data Sets from the Bench to the Bedside. Clinical Chemistry, 67(12), 1581.
https://doi.org/10.1093/CLINCHEM/HVAB210

129. Uminski, K., Betschel, S., & Goodyear, D. (2025). Hereditary angioedema. CMAJ : Canadian
Medical Association Jouwrnal = Journal de [’Association Medicale Canadienne, 197(15),
E417-E418. https://doi.org/10.1503/CMAJ.241815

130. Vanya, M., Watt, M., Shahraz, S., Kosmas, C. E., Rhoten, S., Costa-Cabral, S., Menauthoril, J.,
Devercelli, G., & Weller, K. (2023). Content validation and psychometric evaluation of
the Angioedema Quality of Life Questionnaire for hereditary angioedema. Journal of
Patient-Reported Outcomes, 7(1). https://doi.org/10.1186/S41687-023-00576-W

94



131. Vatsiou, S., Zamanakou, M., Loules, G., Psarros, F., Parsopoulou, F., Csuka, D., Valerieva, A.,
Staevska, M., Porebski, G., Obtulowicz, K., Magerl, M., Maurer, M., Speletas, M., Farkas, H., &
Germenis, A. E. (2020). A novel deep intronic SERPING1 variant as a cause of hereditary
angioedema due to Cl-inhibitor deficiency. Allergology International, 69(3), 443—449.
https://doi.org/10.1016/j.alit.2019.12.009

132. Veronez, C. L., Csuka, D., Sheikh, F. R., Zuraw, B. L., Farkas, H., & Bork, K. (2021).
The Expanding Spectrum of Mutations in Hereditary Angioedema. The Journal of Allergy and
Clinical Immunology. In Practice, 9(6), 2229-2234. https://doi.org/10.1016/J.JAIP.2021.03.008

133. Wang, & Zhi. (2022). Altered Urinary Metabolomics in Hereditary Angioedema. Metabolites,
12(11). https://doi.org/10.3390/METABO12111140

134. Weller, K., Donoso, T., Magerl, M., Aygoren-Piirsiin, E., Staubach, P., Martinez-Saguer, I., Hawro,
T., Altrichter, S., Krause, K., Siebenhaar, F., Metz, M., Zuberbier, T., Freier, D., & Maurer, M.
(2020). Validation of the Angioedema Control Test (AECT)-A Patient-Reported Outcome
Instrument for Assessing Angioedema Control. The Journal of Allergy and Clinical Immunology.
In Practice, 8(6), 2050-2057.e4. https://doi.org/10.1016/J.JAIP.2020.02.038

135. Wentzel, N., Panieri, A., Ayazi, M., Ntshalintshali, S. D., Pourpak, Z., Hawarden, D., Potter, P.,
Levin, M. E., Fazlollahi, M. R., & Peter, J. (2019). Fresh frozen plasma for on-demand hereditary
angioedema treatment in South Africa and Iran. The World Allergy Organization Journal, 12(9).
https://doi.org/10.1016/J. WAOJOU.2019.100049

136. Wilkerson, R. G., & Moellman, J. J. (2022). Hereditary Angioedema. Emergency Medicine Clinics
of North America, 40(1), 99—118. https://doi.org/10.1016/j.emc.2021.09.002

137. Wilkerson, R. G., & Moellman, J. J. (2023). Hereditary Angioedema. Immunology and Allergy
Clinics of North America, 43(3), 533-552. https://doi.org/10.1016/j.iac.2022.10.012

138. Wood, J., Smith, S. J., Castellanos-Uribe, M., Lourdusamy, A., May, S. T., Barrett, D. A., Grundy,
R. G, Kim, D. H., & Rahman, R. (2024). Metabolomic characterisation of the glioblastoma
invasive margin reveals a region-specific signature. Heliyon, 11(1). https://doi.org/10.1016/
J.HELIYON.2024.E41309

139. Wu, G., Bazer, F. W., Burghardt, R. C., Johnson, G. A., Kim, S. W., Knabe, D. A, Li, P, Li, X,
McKnight, J. R., Satterfield, M. C., & Spencer, T. E. (2011). Proline and hydroxyproline
metabolism: Implications for animal and human nutrition. Amino Acids, 40(4), 1053-1063.
https://doi.org/10.1007/s00726-010-0715-z

140. Wu, J., Tang, X., Zhou, N., Wang, X., Liu, P., Zhang, Z., Zhang, S., & Zhi, Y. (2024). Study of
Urinary Protein Biomarkers in Hereditary Angioedema. Journal of Investigational Allergology &
Clinical Immunology, 35(5), 0. https://doi.org/10.18176/jiaci.1032

141. Wu, Z., Hou, Y., Dai, Z., Hu, C. A. A., & Wu, G. (2019). Metabolism, Nutrition, and Redox
Signaling of Hydroxyproline. Antioxidants & Redox Signaling, 30(4), 674—682. https://doi.org/
10.1089/ARS.2017.7338

142. Yamamoto, B., Honda, D., Ohsawa, 1., Iwamoto, K., Horiuchi, T., Fukunaga, A., Maehara, J.,
Yamashita, K., & Hide, M. (2023). Burden of illness seen in hereditary angioedema in Japanese
patients: Results from a patient reported outcome survey. Intractable & Rare Diseases Research,
12(1), 35. https://doi.org/10.5582/IRDR.2022.01130

143. Yang, H., & Zubarev, R. A. (2010). Mass spectrometric analysis of asparagine deamidation and
aspartate isomerization in polypeptides. Electrophoresis, 31(11), 1764-1772. https://doi.org/
10.1002/ELPS.201000027

144.Yu, X., & Long, Y. C. (2016). Crosstalk between cystine and glutathione is critical for
the regulation of amino acid signaling pathways and ferroptosis. Scientific Reports, 6.
https://doi.org/10.1038/srep30033

145. Zafra, H. (2022). Hereditary Angioedema: A Review. Wisconsin Medical Journal, 121(1), 48-53.

95



146. Zanichelli, A., Arcoleo, F., Barca, M. P., Borrelli, P., Bova, M., Cancian, M., Cicardi, M., Cillari,
E., De Carolis, C., De Pasquale, T., Del Corso, 1., Di Rocco, P. C., Guarino, M. D., Massaro, 1.,
Minale, P., Montinaro, V., Neri, S., Perricone, R., Pucci, S., ... Zoli, A. (2015). A nationwide
survey of hereditary angioedema due to C1 inhibitor deficiency in Italy. In Orphanet Journal of
Rare Diseases (Vol. 10, Issue 1). BioMed Central Ltd. https://doi.org/10.1186/s13023-015-0233-x

147. Zanichelli, A., Magerl, M., Longhurst, H., Fabien, V., & Maurer, M. (2013). Hereditary
angioedema with CI1 inhibitor deficiency: delay in diagnosis in Europe. http://www.aaci
journal.com/content/9/1/29

148. Zanichelli, A., Magerl, M., Longhurst, H. J., Aberer, W., Caballero, T., Bouillet, L., Bygum, A.,
Grumach, A. S., Botha, J., Andresen, 1., & Maurer, M. (2018). Improvement in diagnostic delays
over time in patients with hereditary angioedema: Findings from the Icatibant Outcome Survey.
Clinical and Translational Allergy, 8(1). https://doi.org/10.1186/s13601-018-0229-4

149. Zhang, H., Liu, S., Lin, C., Luo, S., Yang, L., Jin, Y., Zhu, L., & Wang, M. (2019). Compound
heterozygous mutations Glu502Lys and Met527Thr of the FXII gene in a patient with factor XII
deficiency. Hematology (United Kingdom), 24(1), 420-425. https://doi.org/10.1080/16078
454.2019.1598679

150. Zuraw, B. L., Bork, K., Bouillet, L., Christiansen, S. C., Farkas, H., Germenis, A. E., Grumach, A.
S., Kaplan, A., Lopez-Lera, A., Magerl, M., Riedl, M. A., Adatia, A., Banerji, A., Betschel, S.,
Boccon-Gibod, 1., Bova, M., Boysen, H. B., Caballero, T., Cancian, M., ... Maurer, M. (2025).
Hereditary Angioedema with Normal C1 Inhibitor: an Updated International Consensus Paper on
Diagnosis, Pathophysiology, and Treatment. Clinical Reviews in Allergy & Immunology, 68(1).
https://doi.org/10.1007/S12016-025-09027-4

96



Pateicibas

Izsaku visdzilako pateicibu mana promocijas darba vaditajai Dr. med. profesorei
Nataljai Kurjanei par iedroSinajumu un motivaciju uzsakt promocijas darba izstradi, ieguldito
darbu promocijas darba tapSanas laika, atbalstu, pacietibu un nezaud&to ticibu man pat brizos,
kad pasai ta zuda.

Izsaku  dzilu pateictbu  promocijas darba  zinatniskajam  konsultantem
Dr. med. Lindai Gailitei un Dr. med. profesorei Heriettei Farkas par konstruktiviem padomiem,
iesaisti zinatnisko publikaciju tapsana un ieguldito darbu promocijas darba izstrades laika.
Ipasa pateiciba Dr. med. Lindai Gailitei un Rigas Stradina universitates Molekularas genétikas
zinatniskajai laboratorijai par genétisko izmeklgjumu veik$anu un rezultatu interpretaciju.

Izsaku pateicibu Dr. med. Dmitrijam Rotam par palidzibu promocijas darba uzsakSanas
procesa, 1pasi par idejam un padomiem, izvirzot darba hipotezes. Dzila pateiciba par iesaisti
genétisko izmekl&jumu rezultatu interpretacija un zinatnisko publikaciju tapSana.

Izsaku pateicibu Rigas Tehniskas universitates Biomaterialu un bioinzenierijas
instititam, ipasi Dr. med. profesoram Kristapam Klavinam, par iesp&ju veikt metaboloma
analizi, nenovertéjamo atbalstu ieglito datu interpretacija un par ieguldito darbu zinatniskas
publikacijas tapSana.

Pateicos dr. Lasmai Lapinai un dr. Marijai Rozevskai par iegultito darbu zinatnisko
publikaciju izstrade.

Pateicos Paula Stradina Kliniskas universitates slimnicai par iesp&u un atbalstu
promocijas darba izstradg.

Pateicos Rigas Stradina universitatei par atbalstu zinatnisko publikaciju tapSana un
iesp€ju publicet darbus zinatniskos zurnalos.

Paldies arT iesaistitajiem pacientiem, kuri nesavtigi veltija savu laiku pétijumiem un
zinatnes attistibai.

No sirds pateicos saviem kolégiem un draugiem par uzmundrinajumiem un atbalstu.

Vissirsnigaka pateiciba manai gimenei, Ipasi vecakiem, viram P&terim un b&rniem

Loretai, Oliveram un Odrijai par nenovertéjamu atbalstu, pacietibu un milestibu.

97



Pielikumi

98



1. pielikums

Pirma publikacija

Kanepa et al. Allergy, Asthma & Clinical Immunology
Allergy, Asthma & Clinical lmmunclogy (2023)19.28

https://doi.org/10.1186/513223-023-00783-6

, - . ®
National survey on clinical and genetic g
characteristics of patients with hereditary
angioedema in Latvia

Adine Kanepa'"®, Inga Nartisa'?, Dmitrijs Rots'?, Linda Gailite!, Henriette Farkas®! and Natalja Kurjane'#'

Abstract

Background Hereditary angioedera (HAE) is a rare and Mfefthreatem’mg inborn error of immunity. HAE is mostly
caused by pathogenic variations In the serine protease inhibitor gene 1 (SFRPINGT), leading to deficient or
dysfunctional Cl-inhibiter (C1-INH}), overproduction of bradykinin, and development of recurrent subcutaneous and/
or submucosal oedema. The prevalence of HAE is T in 50,000 — 100000 people worldwide. We aimed to describe the
clinical features and genetic spectrum of hereditary angioedema with C1-INH deficiency (C1-INH-HAL) in Latvia.

Methods All patients from Latvia diagnosed with HAE (types I/11) from 2006 to March 2022 were included in the
study. Laboratory tests and clinical data were analysed, and genetic tests with Sanger sequencing and whole genome
sequencing were performed.

Results The study identified 10 C1-INH-HAE patients (nine females, one rmale) fram eight families. The point
prevalence of HAE in Latvia is 0.53 per 100 000 inhabitants. Of all patients, seven (70%) had HAE type land three
(30%) had HAE type Il. The median age of patients was 54 years and the median age at onsel of symptoms was

15 years. A significant delay (median 20.5 years) until diagnosis was observed, and 609 of patients had a positive
family history of angioederma. All HAE patients have been hospitalised a median two times during their lifetime. Skin
(100%), abdominal (80%), and airway (80%) oedema were the most frequent symptoms. Triggering factors (609%)
and prodromal symptoms (90%) were referred. Altacks were severs in 50% of patients, moderate in 10%, and mild

in 40%. Pathogenic variations of SERPING T were identified in eight patients (six families), confirming the diagnosis
molecularly. In two patients (two families), no pathogenic variations in the genes were found even after whole
genome sequencing.

Conclusions Current data shows a significant delay and clear underdiagnasis of HAE in Latvia. Higher awareness
and better information and communication between doctors would improve the diagnosis and management of
HAE; as would screening of family members, patients with recurrent angioedema unresponsive to antihistamines and
glucocorticoids, and patients with recurrent episodes of severe, unexplained abdominal pain.

Keywords Hereditary angioederna, CT-inhibitor deficiency, SERPING T gene
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Background

Hereditary angioedema (HAE) is a rare, life-threatening,
autosomal dominant inborn error of immunity [1, 2].
There are 3 types of HAE: type 1 (85%), 11 (15%), and
n-C1-INH HAE, which can be distinguished by levels
and functional activity of a C1-INH (Table 1) [2-4].
The prevalence of HAE is 1 in 50,000 — 100,000 people
worldwide [1].

Clinically, HAE is characterised by recurrent
episodes of nonpruritic, nonpitting subcutaneous
and/or submucosal oedema lasting for 2—5 days,
involving mostly the extremities, face, upper airway,
and gastrointestinal tract [2, 3, 6, 7]. Laryngeal oedema
occurs in 50% of patients and is the most serious
complication, which can become life threatening [7].
Patients may have complaints of severe abdominal pain,
mimicking acute abdomen and leading to unnecessary
surgery [6, 8]. Paticnts may also report a transient
tingling feeling of pressure and pain in the extremities or
urogenital pain caused by vascular congestion [6]. Fluid
shifts into the interstitial space or peritoneal cavity can
cause hypotension and tachycardia [6].

Symptoms usually begin in childhood, worsen at
puberty, and become more severe during adolescence.
The frequency of attacks varies from weekly episodes to
one episode over several years [3]. Attacks of HAE may
be spontaneous or triggered by trauma, surgical or dental
procedures, emotional stress, menstruation, infection,
oestrogen  replacement therapies or angiotensin
converting enzyme inhibitor (ACEI) [9]. Up to 50% of
HAE attacks may be preceded by a prodrome, including
fatigue, tightness, tingling, dizziness, malaise, irritability,
anxiety, muscle aches and weakness, nausea, and typical
rash of HAE (erythema marginatum) [3, 6, 10],

Although most HAE patients have a positive family
history of angioedema, approximately 25% are due to
spontaneous mutations [2, 7, 11].

C1-INH-HAE (types I and II} are mainly caused by
pathogenic variations of SERPINGI that results in
deficient or dysfunctional C1-INH, kinin, and/or contact
system dysregulation, leading to overproduction of
bradykinin, localised vasodilatation, vascular leakage,
and the development of massive local oedema [1, 2, 11].

Table 1 Typical diagnostic laboratory profile of HAE patients (5)

C1-INH
concentration

C1-INH function C4 protein level

Type | HAE Low Lowe Low
Type Il HAC Normalhigh Low Low
n-C1HNHHAE  Nermal

Normal Normal
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The diagnosis of HAE should be considered in patients
with recurrent swelling episodes not responsive to
antihistamines or glucocorticoids, unclear abdominal
pain episodes, and positive family history of HAE [3].

Most  patients with CI1-INH-HAE have low
complement C4 levels, low C1-INH functional activity,
and low (HAE type I} or normal C1-INH level (HAE type
11 [12).

HAE management includes treatment of HAE attacks,
long-term prophylaxis, and short-term prophylaxis [3,
13, 14]. Long-term prophylaxis should be considered in
symplomatic patients whose condition is not controlled
with optimal on-demand treatment [3, 13]. Short-term
prophylaxis is used to prevent angioedema episodes
before and after predictable risk factors [3, 13].

This was the first ever nationwide survey on HAE in
Latvia. We aimed to describe the clinical features and
genetic spectrum of C1-INH-HAE in Latvia, as data on
HAE in the Baltic States have so far not been available.

Materials and methods

Patients

As of June 2020, we had sparse data on the prevalence
of HAE in Latvia. A survey was initiated among local
HAE experts (allergists and immunologists) and among
physicians from other disciplines who were known to be
aware of HAE (dermatologists, paediatricians, general
practitioners, and others). Doctors were contacted via
email or phone call and requested to participate in a
short survey concerning HAE patients identified by
them. To inform the population of Latvia about HAE
and its clinical diagnostics and treatment, the national
HAE website was created and information about the
disease was distributed in Internet media [15]. Patients
diagnosed with C1-INH-HAE in Latvia from 2006 to
March 2022 were included in the study. Diagnosis of HAE
was based on personal and family history of angioedema,
and on complement C4 levels, C1-INH levels, CI-INH
functional activity, and genetic findings according to the
global WAQ/EAACI guideline definition 2021 [5].

Latvian population

Data on demographic characteristics of the Latvian
general population were collected from the Central
Statistical Bureau of Latvia (March 2022) [16]. The point
prevalence was expressed as alive patients per 100,000
inhabitants at a particular point in time (March 2022).

Data collection

We asked for the following data for each patient: gender,
initials, date of birth, date of diagnosis. C4 level, C1-INH
level, and C1-INH functional activity we determined
from peripheral blood serum. Existing patient data
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were collected from medical records regarding the
onset of symptoms, age at diagnosis, and diagnostic
delay. Independent families were identilied, and the
first diagnosed member of a family was considered the
index patient. Only patients who were alive at the time
of data analysis were included. The term “patients with
a positive family history” was defined as more than one
affected person in the family. The term “patient without
a family history” was defined as the patient being the sole
individual in the family with HAE. Only a bradykinin B2
receptor-antagonist (icatibant) and fresh frozen plasma
are currently available in Latvia for the treatment of HAE
attacks. The term "hospitalization" was defined as HAE-
related emergency department visits or hospitalizations
with the corresponding diagnosis.

Ethics

‘The study was approved by the Latvian Central Medical
Ethics Committee (No. 01-29.1/2878, approved on
03/06/2020) and conforms to the principles of the
Declaration of Helsinki. All data were anonymised
before statistical analysis. All patients or their legal
representatives have signed informed consent.

Laboratory methods

C4 and CI-INH levels were quantified using
nephelometry by Atellica NEPH 630 System (Siemens)
with N Antiserum to Human C1-Inhibitor as the reagent.
C1-INH functional activity was measured using a
chromogenic assay by Sysmex CS 2500 (Siemens) with
Berichrom Cl-Inhibitor as the reagent. Results were
normalised as percentage of normal value (C4 normal
range 0.12—0.36 g/L; functional C1-INH normal range
70 —130%; C1-INH level normal range 0.21 —0.39 g/L).
C4 level, C1-INH level, and functional activity were
performed in Pauls Stradins Clinical University Hospital
Joint Laboratory.

Diagnosis of C1-INH-HAE

Patients were diagnosed as C1-INH-HAE type I, when
C4, C1-INH level and functional activity were below
normal range, and as type II when CI1-INH level was
normal, but C4 and CI-INH functional activity were
below normal range.

Genetic testing

Different range genetic testing was performed to
test genetic variations of SERPINGI. Firstly, Sanger
sequencing of the gene coding part (using primers from
published manuscript with Big Dye Terminator kit
3.0 following manufacturer protocal) was conducted
[17-19]. For two cases, exome sequencing (performed
using Twist Bioscience reagents at CeGaT medical
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laboratory) analysis of the single nucleotide variation
and copy number variation (CNV) in SERPING1 were
done. In negative two cases, whole genome sequencing
was performed at CeGaT medical laboratory, followed by
structural intronic variation in SERPINGI. Pathogenicity
of identified variants was checked in the ClinVar
database, or if not reported, pathogenicity was observed
following American College of Medical Genetics and
Genomics (ACMG) criteria [20].

Statistical analysis

All data were analysed using Microsoft Office Excel
and IBM SPSS Statistics for Windows Version 23. Data
related to demographic and clinical indicators were
analysed using descriptive statistics and parametric/
nonparametric analysis, as appropriate. 'The point
prevalence was expressed as live patients per 100000
inhabitants at a particular point in time (March 2022).

Results

The study identified 10 C1-INH-HAE patients (nine
females, one male) from 2006 to March 2022, living in
Latvia. According to the epidemiological data, in March
2022 the population was 1870400 inhabitants. The point
prevalence of HAE in Latvia yielded 0.53 per 100000
inhabitants. The median age of patients was 54.0 years
(LQR: 35-62, range 27 — 66, n= 10) (Table 2).

Type of HAE, family history
Of the 10 C1-INH-HAE patients, seven {70%) had HAE
type L and three (30%) had HAE type IL.

Clg level (normal) and CI1-INH autoantibodies
(negative) were determined in two HAL type 11 patients
without pathogenic variations in SERPING1.

A total of 10 patients were identified in eight unrelated
families. Six patients (60%) had positive family history
(Table 2). Timeline presentation of clinical characteristics
and laboratory test results for each patient with HAE can
be seen in Additional file 1: Figs. S1, S2, S3, 54, S5, S6, S7,
S8, 59, 510.

Age at onset and at diagnosis

The median age at onset of symptoms was 15.0 years
(IQR: 7-23, range 6—53 years, n=10); for females it
was 16.0 years (IQR: 8-25, range 6 —53 years, n=9),
and for the male it was 6.0 years (n=1). The median
age at diagnosis was 45.5 years (IQR: 26-52, range
19 — 56 years, n=10); for females it was 49.0 years {IQR:
25-52, range 19—56 years, n=9), and for the male it
was 30.0 years (n=1). The median time duration to
diagnosis was 20.5 years (IQR: 11-32, range 3 — 37 years,
n=10); for females it was 17.0 years (IQR: 10-35, range
3—37 years, n=9), and for the male it was 24.0 years
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Table 2 Dermographic and clinical features of C1-INH-HAE patients

Demographic features and clinical patterns {(n=10) Findings/years

M=an age, years 54

Gender

Fernale 9
Male 1
HAE type
Typel 7
lypel 3
Farnily histary
ey 5]
No 4
Median age at onset of symptormns, years 15.C {range &-53 years;
Wedian sge at diagnosis, years 45.5 {range 19-36 years)
edian time from symptoms to diagness, vears 20.5 {range 3-37 years)

(n=1). No patients were biochemically diagnosed before
onset of symptoms (Table 2).
Table 3 Clinical features of HAE patients

Clinical features Findings

Clinical manifestation

: . ; z +- r Ve c aanc: =10
A summary of clinical manifestation is reported (Table 3), ~ At2c<sper yearsince the diagnosis of HAL 1n=10)

During the previous year (2021), one patient had no 4
attacks and nine had attacks of angioedema. Of those ‘
who had attacks, we received data on attack frequency. o
From nine patients, a median of 10 attacks were reported 4
(IQR: 2-48, range 1 —60, n=9); females had median 29 Freguency of attacks in the last 12 months™ (n=9)
attacks (IQR: 3— 48, range 1 — 60, n=8), and the male had bl 4
one attack in the previous year. Females had a median 96 MoHeiate
total sick days (IQR: 6 —144, range 0 — 240, n=9), and the Severe &
male had 5 total sick days per year. Swelling location (n=10)

All 10 HAE patients have been hospitalised a median Skin e
2.0 times (IQR: 2-8, range 1 —20, n=10) during their Lips E
lifetime. Tongue 8

Concerning redness in areas with skin angioedema, Abdomen g
two patients had erythema marginatum. Larynx 8

Urogenital area 3

Frodrome (n=23)
Treatment Tiredness a
Patients were asked about treatment of HAE attacks. Paraesthesia/pain 8
They also graded the treatment effect as none, poor, Abdomirs| pain g
moderate, or very good {Table 4). Nausea 3

Patients were also asked about prophylactic treatment.  fythema marginatur 2
They graded the treatment effect as none, poor, moderate, ~ Trigger factors (n=6)
or very good. Fresh frozen plasma, antifibrinolytic agent Stress 4
(tranexamic acid), and attenuated androgens {danazol) Trauma 2
are currently available in Latvia for long-term or short- Surgical/dental manipulations 2
term prophylaxis. (Table 5). Infection 1

Timeline presentation of therapy for each patient with Merstruaton
HAE can be seen in Additional file 1: Figs- 51, 82, 83, 54,  Severe—if the patient had experienced 12 or more attacks curing the last
S5, S6, S7, 88, S9, S10. 12 manths, moderate—4 — 11 attacks, mild—1 — 3 attacks, and asymptomatic—

no attacks
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Table 4 Number
for HAE attacks

of patients feporting cerlain acule treatments

Treatment for HAE attacks Patients Effect
Braclykinin B2 receptor-antagonist El 3
(icatibant)

FFR 3 1
Cpioicls 2 1
NSAIDs 3 1
Glucocorticoids 8 [
Antihistamines 10 o]

The median overall treatment effect was rated on a 4-point scale (no—=0,
poor= 1, moderate= 2, and very good =3)

FFP fresh frozen plasma, NSAIDs non-steroidal anti-inflammatory drugs

Table 5 MNumber of patients reporting ceitain treatments for
prophylactic HAE treatment

Prophylactic treatment Patients Effect
FFP 3 1
Antifibrinclytic agent (tfranexamic acic) 4 2
Attenuated androgen {danazol) 4 2

The median overall treatment effect was rated on a 4-step scale (no=0,
poor=1, moderate=2 and very good=3)

FFP fresh frozen plasma

Genetic testing

Genetic testing was performed on 10 CI1-INH-HAE
patients in eight unrelated families. Pathogenic variations
of SERPINGI were identified in eight (80%) patients (six
families) with C1-INH-HAE, confirming the diagnosis
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molecularly. Identified variants shown (Table 6). In two
(20%) patients (two families) with CI1-INH-HAE, no
pathogenic variations in the genes were found even after
whole genome sequencing. Family trees for each patient
with HAE seen in Additional file 1: Figs. 51, S$2, S3, $4,
S5, 56, 57, S8, 59, 510.

Discussion

Our nationwide study revealed an overall point
prevalence of 0.53 per 100,000 inhabitants, which
is lower than estimated in the literature (1 in
50,000 — 100,000 people worldwide) or other European
studies (e.g., 1.54/100,000 in Sweden; 1.09/100,000 in
Spain; 1.41/100,000 in Denmark; 1.54/100,000 in [taly;
1.55/100,000 in Austria) [1, 7, 11, 23-25]. Current data
shows clear underdiagnosis of HAE in Latvia. Lack
of awareness of HAE among physicians in Latvia, the
intermittent nature of the symptoms, and non-specific
signs of the disorder contribute to underdiagnosis [1].
The limited availability of C1-INH level and function
assays in Latvia before 2021 may explain the low
incidence of HAL, as well.

The percentage distribution of the data is only
approximate due to the small study group.

In the study, we found that HAE was more common
in females than males (90% vs. 10%). Accordingly, we
confirmed that females have more frequent HAE attacks
and more total sick days per year, which is similar to
other reports [26, 27]. This might be explained by the fact
that women are more likely to be symptomatic than men
[27]. Perhaps women in Latvia also visit specialists more
often, more persistently, and more patiently to clarify the

Table 6 Characleristics of the identified SERPINGT variants of HAE type | and Il patients

Found in n index
individuals (n
total)

Identified variant in
SERPING T {reference gene
NM_000062.2), dbSNP

Patient Confirmed
HAE type

€.1395C > T.pfArg466Cys), 1
1528940870

2 550G > A, pdGly1 844q),
r528187517C

o

11950 T piPro3ssser) 1
€. 1312del, pval438PhefsTar 2)

12494445, p?

N T Y

co

[GRCh38] 1
chr11:g.57600725_57603011de!

Pathogenicity Reported before®  Patient characteristics

Age Gender Attacks per
12 months

Female 2

o
v

Not reperted in
Clinvar Mentioned
in 12 manuscripts

Pathagenic

Pathagenic Clinvar ID:75,144 53 Female 48
Mentioned in 26
mManuscripts
Pathogenic Mot reparted in 55 Female 50
Clinvar (21,22}
Likely pathogenic  Nove! variant 34 Female 8
62 Female 10
Likely pathogenic  Novel variant 35 Female €0
58  Female 48
Pathogenic Novel variant 32 Male 2

2 If available ClinVar ID, and references if reported in few manuscripts, according to Mastermind.genomenon.com data [Access 18.06.2021]
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diagnosis of HAE. Because only one male was affected,
exact comparisons between genders cannot be made.

HAE type 1 was more prevalent than type II (70%
vs. 30%, respectively), which is slightly different from
the literature data (85% vs. 15%, respectively), but still
comparable because type 1 dominates type 1l [3]. To
exclude the diagnosis of acquired angioedema, Clq level
and C1-INH autoantibodies were determined in twa
HAE type II patients without pathogenic variations in
SERPINGI.

In our study, a total of 10 patients were identified in
eight unrelated families. In six families, diagnoses were
confirmed molecularly in two cases with one or more
symptomatic relatives available for genetic investigation.
In four cases there were no data about other symptomatic
relatives and healthy relatives were not available for
the study to confirm de novo inheritance. HAE has an
autosomal dominant pattern of inheritance, although
it is estimated that 20% to 25% of cases are the result of
spontaneous mutations in persons with no positive family
history of the disease [28]. A family history of swelling is
an important part of the diagnostic evaluation of HAE,
but not an absolute requirement. In Latvia, no routine
screening tests are performed on family members,
including grandparents, parents, siblings, children, and
grandchildren of HAE patients, as recommended in
guidelines [5]. Therefore, it is possible that several HAE
patients are not identified, especially asymptomatic
patients or those with mild attacks of HAE during their
lifetime. This is likely also due to limited availability
of C1-INH level and function assays in Latvia before
2021. Family members of a patients with HAE should be
screened more widely and more actively, especially when
there is no longer limited availability for examinations of
HAE in Latvia.

The median diagnostic time in our study was 20.5 years.
Zanichelli et al. studied HAE patients from 11 European
countries (Austria, Brazil, Czech Republic, Denmark,
France, Germany, Greece, Israel, Italy, Spain, and the
United Kingdom) and found an overall median diagnostic
delay of 2.6 years, ranging from 0.13 to 17.3 years [29].
Diagnostic delay in Latvia is not acceptable and is longer
than the rest of Europe. Diagnostic delay can be due to
the rareness of HAE or to symptoms are being mistaken
for other diseases, such as histaminergic angioedema
and other causes of abdominal pain, such as acute
appendicitis. The determination of diagnostic delay is
important because patients who are symptomatic but
have not vet been correctly diagnosed with the condition
will be given inappropriate treatment or no treatment.
Furthermore, delayed diagnoesis leads to unnecessary
investigations and procedures with economic, social,
and psychological burden. Patients with a positive family
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history of HAE, if HAE had already been diagnosed in a
family member, are less likely to experience diagnostic
delay than patients without family history. Negative
values in delay result from pre-symptomatic testing
in some family members, as well as a shorter path to a
correct diagnosis if symptoms have developed and are
similar to those in a family member with HAE [23].

Forty percent of our patients reported more than 24
attacks in the previous year. There is no plasma-derived
CI1-INH in Latvia, which is currently the preferred long-
term prophylaxis for the prevention of HAE attacks [5].
Only attenuated androgen {danazol and antifibrinolytic
agent (tranexamic acid) are available in Latvia for long-
term prophylaxis, which can be used as alternatives [5,
30].

During the previous year, 40% of patients had severe
HAE attacks, similar to other studies [23, 31]. According
to the international WAQ/EAACI guideline, long-term
prophylaxis should also be considered for these patients
to reduce their attack frequency and severity [5].

During their lifetime, all patients have been hospitalised
up to 20 times, resulting in social and economic hardship
to the patient, patient’s family, health care system, and to
society—just as elsewhere in the world [32, 33].

Subcutaneous oedema, lips, tongue, abdominal, and
laryngeal ocedema were the most frequent swelling
locations, described in the other studies as the most
common symptoms in HAE [23, 31].

Prodromes were reported by 90% of patients, which
is slightly more than in other studies that reported
prodromes between 68% and 82.5% [23, 34-36]. Our
patients experienced prodromal symptoms such
as tiredness, paraesthesia and/or pain, abdominal
sensations, nausea, and erythema marginatum, also
described
prodromal symptoms in HAE [34, 36].

Factors that triggered attacks were mostly trauma,
mental stress, surgical or dental manipulations, as were
reported in other studies [31, 37, 38]. Before known
triggers, short-term prophylaxis should be considered to
avoid predictable HAE attacks [37].

[NO_PRINTED_FORM]Bradykinin =~ B2 receptor-
antagonist was effective treatment for HAE attacks and
used by 90% of patients. Plasma-derived (pdC1-INH) was
no longer available in Latvia at the time of the study. Fresh
frozen plasma, tranexamic acid, opioids, and NSAIDs
had poor effect during an HAE attack. Glucocorticoids
and antihistamines (used by 80% and 100% of patients,
respectively) before establishing the diagnosis had no
effect during an HAE attack. These drugs are ineffective
and are not beneficial for HAE [14]. Tranexamic acid and
danazol, currently available for long-term prophylaxis
in Latvia, had moderate effect. Fresh frozen plasma had

in the literature as the most common
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poor effect for short-term prophylaxis. Even when a
specific and effective treatment for HAE (recombinant
CI-INH and Lanadelumab) has been registered and
is available, governmental regulatory authorities and
economic aspects of the health care system in Latvia
have limited or delayed access. Unfortunately, the choice
of maintenance treatment and prophylaxis drugs are
currently limited in Latvia, reducing the opportunities for
our patients to receive first-line therapy, as recommended
in the guidelines [5]. Although effective medicines are
available in the world, in Latvia alternatives are often
used in the treatment of HAE, especially for long-term
prevention, thus worsening the effectiveness of treatment
in preventing HAE attacks. For this reason, there are still
many patients with frequent and severe HAE attacks in
Latvia. Use of drugs not specific for HAE is associated
with and detrimental adverse eftects [1].

Pathogenic variations of SERPINGI gene were
identified in 80% of all C1-INH-HAL patients. In 20%
of patients with C1-INH-HAE, no pathogenic variations
in SERPING! were found. Although pathogenic
variations in SERPINGI are the only known cause of the
development of HAE types I and II, there are reported
5—10% symptomatic HAE patients with reduced C1-INH
levels and/or functional activity in whom pathogenic
variations cannot be found, even after carrying out a
thorough genetic examination (including the entire
SERPINGI gene sequencing of the coding and non-
coding parts of the gene and analysis of copy number
variants) [39, 40]. In our study, we have even performed
genome sequencing and genetic causes were still not
identified in 20% of patients. From identified pathogenic
variants, one was reported in ClinVar, two were reported
in the literature, but three were reported for the first time
in the HAE patients, according to available literature.
Similarly, as in other reports, causative variants are
mainly localised in the exons 7 and 8. Although we
describe a small group of HAE type I and 11 patients, we
did not observe differences in clinical symptoms between
patients, similar to other authors who cannot give any
clues about genotype/phenotype correlation [41, 42].

Conclusion

This was the first ever nationwide survey of the point
prevalence of HAE in Latvia, vielding 0.53 per 100,000
inhabitants. Current data shows clear underdiagnosis
of HAE. We observed delay in diagnosis, even in those
patients with a positive family history of angioedema.
We suggest that lack of awareness of HAE among
physicians, the intermittent nature of the symptoms,
and non-specific signs of the disorder contribute
to underdiagnosis, a delay in proper diagnosis, and
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thus undertreatment. Higher awareness and better
information and communication between doctors
would improve the diagnosis and management of HAE;
as would screening of family members, patients with
recurrent angioedema unresponsive to antihistamines
and glucocorticoids, and patients with recurrent
episades of severe, unexplained abdominal pain. Timely
HAE diagnosis and specific treatment can eliminate
life-threatening attacks of this disease and significantly
increase quality of life.
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Introduction: Hereditary angioedema (HAE) is a rare, life-threatening autosomal
dominant genetic disorder caused by a deficient and/or dysfunctional C1
esterase inhibitor (C1-INH) (type 1 and type 2) leading to recurrent episodes of
edema. This study aims to explore HAE patients’ metabolomic profiles and
identify novel potential diagnostic biomarkers for HAE. The study also
examined distinguishing HAE from idiopathic angicedema (AE}.

Methods: Blood plasma samples from 10 HAE {types 1/2} patients, 15 patients
with idiopathic AE, and 20 healthy controls were collected in Latvia and analyzed
using LC-MS hased targeted metabolomics workflow. T-test and fold change
calculation were used to identify metabolites with significant differences
between diseases and control groups. ROC analysis was performed to evaluate
metabolite based classification model

Results: A total of 33 metabolites were detected and guantified. The results
showed that isovalerylcarnitine, cystine, and hydroxyproline were the most
significantly altered metabolites between the disease and control groups.
Aspartic acid was identified as a significant metabolite that could differentiate
between HAE and idiopathic AE. The mathematical combination of metabolites
{hydroxyproline * cystine)/(creatinine * isovalerylcarnitine) was identified as the
diagnesis signature for HAE. Furthermore, glycine/asparagine ratio could
differentiate between HAE and idiopathic AE.

Conclusion: Our study identified isovalerylcarnitine, cystine, and hydroxyproline
as potential biemarkers for HAE diagnosis. lIdentifying new biomarkers may offer

enhanced prospects for accurate, timely, and economical diagnosis of HAE, as
well as tailored treatment selection for optimal patient care

KEYWOQRDS

hereditary angioedema, C1 inhibitor (C1-INH), metaboleme, biomarkers, diagnosis
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1 Introduction

Hereditary angioedema (HAE) is a rare, life-threatening
autosomal dominant genetic disorder caused by a deficient or
dysfunctional C1 esterase inhibitor (C1-INH) (type 1 and type 2),
leading to the overproduction of bradykinin and the development of
recurrent subcutaneous or submucosal edema (1, 2). Angloedema
primarily affects the extremnities, the face, the upper airway, and the
gastrointestinal tract (2, 3). The disease is potentially life-threatening
due to laryngeal edema and is unresponsive to antihistamines and
glucocorticoids (3). The insufficient awareness of HAE, its sporadic
symptom presenfation, and the non-specific characteristics of the
condition lead to underdiagnosis and delays in accurate
identification. Consequently, this results in increased morbidity and
a diminished quality of life owing to the postponed initiation of
sultable treatment (4). Despite the identification of biomarkers across
numerous pathologies, only a limiled selection is presently applied in
clinical settings for the diagnosis of HAE (5). Until now, based on
recommendations, C4 level, C1-INH level, and activity are used to
diagnose HAE 1/2 (4). Test results that point to HAE 1/2 should be
repeated in a certified laboratory because time, temperature, and
sample handling significantly impact C1-INH level and activity,
leading to potentially incorrect values, inaccurate diagnoses, and
thus inappropriate treatment (4, 6-8). Moreaver, no specific
biochemical method exists for the exact diagnosis of HAE-nCl-
INH. It can be confirmed only by genetic sequencing of target genes,
which is an expensive and time-consuming examination (7).
Metabolomics has seen rapid growth in recent years, owing to its
high sensitivity and ability to cover a wide range of metabolites using
non- or minimally invasive methods, such as blood serum, plasma,
and urine. Metabolomics has already been successfully used as a
diagnostic tool in newborn screening programs to identify patients
and initiate prompt therapy (9). Consequently, researchers have
shifted their focus to identifying metabolites associated with various
diseases, such as cancer, metabolic disorders (e.g., diabetes),
hereditary conditions, neurodegenerative disorders, and
cardiovascular diseases, with the ultimate goal of earlier disease
detection, improved therapy management, and personalized
medicine (10-12). Exploring the metabolite profile of HAE, which
is currently not well-defined, could lead to an improved
comprehension of the disease’s underlying mechanisms and
facilitate the identification of novel metabolic biomarkers. These
biomarkers can enable quicker, more precise, and economical

diagnosis of HAE.

Abbreviations: AE, angioedema; ACEls, angiolensin-converling enzyme
inhibilors; Asn, asparagine; AUC, area under the curves BMI, body mass index;
Cr, crealinine; C1-TNH, Cl-inhibilor; HAE-CI-TNH, heredilary angioedema with
C1 esterase inhibitor deficiency; CNT, control group; Gly, glycine; HAE,
hereditary angicedema; HCs, healthy centrol subje

HAE-nC1-INH, HAE with a normal C1 esterase inhibitor; NSAIDs, nonsteroidal

IVC, isovalerylcarnitine;

anti-inflammatoery drugs; OH-Pro, hydroxypreline; ROC, recciver

operating characteristic.
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2 Methods
2.1 Study design

10 patients diagnosed with HAE-CI-INH, 15 patients with
idiopathic angioedema, and 20 healthy controls were included in
the study (Table 1). The p-value for key variables between of the
patient cohort and control subjects, was greater than 0.05,
indicating no statistically significant differences between groups.
Diagnosis of HAE was based on personal and family history of
angiocedema and complement C4 levels, C1-INH levels, C1-INH
functional activity, and genetic findings according to the global
WAO/EAACI guideline definition 2021 (4). We asked for the
following data for each patient: gender, date of birth, height,
weight, the annual frequency of edema attacks, localization of
angioedema, and the presence of other chronic diseases, including
diabeles, autoimmune diseases, and cancer. Idiopathic angioedema
was diagnosed by [ailure to determine the ctiology with = 3 atlacks
in a 6-12 month period. The study was approved by the Latvian
Central Medical Ethics Committee (No. 01-29.1/2878, approved on
03/06/2020) and conformed to the principles of the Declaration of
Helsinki. All data were anonymized before statistical analysis. All
patients or their legal representatives have signed informed consent.

2.2 Sample processing

Blood samples from all patients were obtained at least 8 days
after an angioedema attack. Blood samples were obtained by
puncture superficial vein of the forearm from patients with HAE
(types 1/2) during symptom-free periods, collected into an
ethylenediamine tetraacetic acid (EDTA) containing BD
Vacutainer Bleod Collection tube.

Plasma separation was performed by centrifuging peripheral
blood sample tubes at 4000 rpm, +4 C, for 15 minutes. The obtained
plasma was Lransferred to —80°C within 30 minutes and stored until
metabolite analysis. For metabolite extraction 200 pL of serum
sample was mixed with 800 uL of methanol,vortexed for 10 seconds,
shaken for 20 min at 450 rpm, and afterwards centrifuged for

TABLE 1 Characterization of the patient cohort and control subjects.

HAE Idiopathic AE \ Hcs

n 10 15 20
Female 9 V 14 20
Male 1 1 0

‘ Median age (v) 55 (35-62) 49 (34-56) 47 (33-67)
Median BMI 26 (26-32) 26 (24-29) 26 (18-36)
Skin ederna 10 15 NA
Gactrointestinal edema & 0 NA
Laryngeal edema 8 0 NA
Anunal attack frequency 7{2-39)

9(2-13) NA

Data are presented at the median (IR or n,
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10 min at 10000 g. 100 pL of sample extract was transferred to an
empty sample tube and dried down with a centrifugal vacuum
cvaporator. The resulting dry residues were reconstituted in 200 pL
of methanol, to which 20 pL of the isotopically labeled internal
standard mix was added. The prepared samples were transferred
into HPLC vials for subsequent LC-MS analysis.

2.3 LC-MS analysis

In this study, a sel ol 55 melabolite including amino acids,
amino acid-related metabolites, and acylcarnitines were measured.
These metabolites were selected as they are routinely screened via
mass spectrometry (MS/MS) in clinical laboratories during
newborn screening (13). By measuring these established markers,
changes detected in their concentrations in HAE patients’ blood
could potentially offer a readily implementable diagnostic tool for
thig inherited disorder,

The LC-MS$ analysis was performed on a Dionex 3000 HPLC
system (Thermo Scientific) coupled with an Orbitrap Q Exactive
{Thermo Scientific) mass spectrometer. For chrematographic
separation an ACQUITY UPLC BEH Amide, 1.7 pm, 2.1x100 mm
analytical column (Waters) equipped with a VanGuard: BEH C18,
2.1x5 mm pre-column {Waters) was used. The columm temperature
was sel (o 40°C, the sample injection volume was 2 pL. As mobile
phase A - 0.15% formic acid (v/v) in water was used and as mobile
phase B - 0.15% formic acid (v/v) in 85% acetonitrile (v/v) with 10
mM ammonium formate was used. The gradient elution with a flow
rate of 0.4 mL/min was performed resulting in the total analysis time
of 17 min. The Orbitrap Q Exactive (Thermo Scientific) mass
spectrometer was operated in a positive electrospray ionization
mode. The following parameters were used for the ion source:
spray voltage 3.5 kV, aux gas heater temperature 400°C, capillary
temperature 350°C, aux gas flow rate 12, sheat gas flow rate 50. The
MS detection was performed in a full MS scan mode, the scan range
was set to m/z 50 to 400, mass resolution 35000, AGC target le6,
maximum IT 50 ms. The Trace Finder 4.1 software (Thermo
Scientific) was used for data processing. A seven-point linear
calibration curve with internal standardization and 1/x weighing

was constructed for the quantification of the metabolites.

2.4 Data analysis

The metabolomics data analysis was performed with MetaboAnalyst
5.0. Tor data preprocessing, oblained concentrations were log-
transtormed, scaled by mean-centering, and each variable was divided
through its standard deviation, ROC analysis was performed to using
“Biomarker Analysis” module. During ROC analysis ratios
MetaboAnalyst was used to compute ratios of all possible metabolite
pairs and then choose top ranked ratios (based on p values) to be
included in the data for further biomarker analysis, GraphPad Prism 9
was used for statistical analysis. Analysis of variance (ANOVA) was
applied for multi-group data, and fold-change and p-value were
calculated for two-group comparisons to find significantly
changed metabolites.
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3 Results and discussion

We conducted a quantitative targeted metabolomics study
using liquid chromatography-mass spectrometry (LC-MS} using
blood plasma samples from 10 HAE (types 1/2) patients, 15 patients
with idiopathic AE, and 20 healthy controls {Table 1) collected in
Latvia (14). Idiopathic AE was used as one of the control groups to
exclude factors {e.g. NSAIDs, ACEIls, co-morbidities) that could
alter the metabolome results. Out of 52 target metabolites, 33 were
detected and quantified in all samples, including amino acids,
acylcarnitines, and biogenic amines. Metabolomics data analysis
was performed using MetaboAnalyst 5.0 and GraphPad Prism 9.0
software. Principal compenent analysis (PCA) score plots did not
reveal distinct clustering patterns among different groups,
indicating that the overall metabolite profiles of each group were
similar. Furthermore, no significant correlations were found
between the detected metabolite levels and the phenotypic
data (Figure 1).

We employed T-test and fold change caleulations to identify
differentially expressed melabolites between the two types of
angioedema and the control group. The volcano plots in Figure 2
highlight the significantly altered metabolites between the groups.
Among these, isovalerylcarnitine, cystine, and hydroxyproline were
identified as key metabolites that differed between both types of
angioedema and the control group. Notably, cystine was particularly
distinct in the HAE group, exhibiting a markedly lower level than the
control group. Cystine, a sulfur-containing amino acid formed by the
oxidation of two cysteine molecules, possesses antioxidant properties
annd plays a critical role in immune function (15). Decreased cystine
levels have been found in cystinuria patients, a genetic disorder that
impairs the reabsorption of specific amino acids in the kidneys (16).
Patients from both angicedema groups exhibited lower levels of
isovalerylcarnitine, which is involved in the transport of fatty acids
into cells for energy production and reflects the metabolism of valine,
isoleucine, and leucine (17). It is important to note that our study’s
results for isovalerylcarnitine (Carnitine-C5) are consistent with a
recent investigation on HAE urine samples (12). Wang et al, reported
that carnitine-C5 was markedly altered in HAE palients compared to
healthy controls (HCs), with average metabolite levels decreasing by
0.8-fold change among HAE patients. The concurrence of our
findings with the previous study supports the potential
of carnitine-C5 as a promising biomarker for HAE. It further
emphasizes the importance of metabolomics in disease research
and underscores the need for multicenter efforts for comprehensive
metabolite profiling to identify potential biomarkers. Hydroxyproline
and its two isomeric forms, trans-4-hydroxy-L-proline and trans-3-
hydroxy-L-proline, are vital in collagen synthesis and
thermodynamic stability. Elevated hydroxyproline levels have been
reported in conditions such as graft versus host disease, keloids, and
vitiligo (18). Altered hydroxyproline levels are also linked to
hereditary diseases such as epidermolysis bullosa, which causes
fragile skin (19). Additionally, hydroxyproline is a biomarker of
bone resorption; increased urinary hydroxyproline levels indicate
collagen degradation in bones and are associated with osteoporosis
(20). Interestingly, aspartic acid levels were higher in HTAL patients
than in idiopathic AE patients, indicating that aspartic acid is a
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significant metabolite that can differentiate between HAE and
idiopathic AE. Aspartic acid is involved in the urea cycle, a
metabolic pathway that removes excess nitrogen from the body. To
evaluale the predictive value of individual metabolites, we conducted
a receiver operating characteristic (ROC) analysis (Figure 3). Of the
11 metaboliles that exhibited an area under the curve (AUC) greater
than 0.7, combining multiple metabolites significantly improved the
AUC values, thereby increasing the sensitivity and selectivity of
potential biomarker signatures. Specifically, the ratio of (OH-Pro x
Cystine)/(Cr x TVC), with a cutoff of »27.13, can serve as a diagnostic
criterion for HAE, with a sensitivity of 100% and a selectivity of 90%.
Similarly, a Gly/Asn ratio with a cutoff of >3.763 can be used as a
diagnostic criterion for distinguishing idiopathic AE and HAE, with a
sensitivity of 90% and a selectivity of 85.7%. It is worth noting that
metabolites with significantly altered levels between the groups are
not affected by age (21).

The current study has certain limitations that should be taken
into consideration. Although all patients from Latvia diagnosed
with HAE (types 1/2) were included in the study, the number of
patients is relatively small due to the rarity of IIAL and low
awareness among physicians. TTowever, the identification of new
biomarker signatures and the results of our study have the potential
to enhance the diagnosis of HAE, enabling earlier and more
ellective recognition of the disease. To validale the significance ol
our findings, it is recommended that a larger study group is
included, preferably by combining cohorts from different
countries. It is desirable to compare the results with other causes
of AE. Such an approach would provide an opportunity to examine
the metabolic changes related to the type of HAE, the pathogenic
variation, and the severity of the disease. Furthermore, this would
enable the prediction of the onset, severity, and treatment response
of HAE attacks, ultimately leading to better clinical management of
the disease. We strongly encourage other researchers to consider
including metabolomics in HAFE research. The metabolite panel
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utilized in this study is a standard tool for new-born screening and
is expected to be widely applicable in other laboratories, including
clinical settings.

In summary, despite the limitations of our study, our results
provide a valuable contribution to the HAE diagnosis and treatment
field. The potential benefits of identifying new biomarkers and
conducting further research with larger study groups are significant
and could significantly improve the lives of patients affected by this
rare disease.
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3. pielikums

Dzives kvalitates anketa pacientiem ar angioedému

AE-QoL

Dzives Kvalitates Anketa Pacientiem ar Atkartotam Tasku Epizodém

Pacienta vards:

Dzim&anas datums:

Anketas aizpildisanas datums (dd mmm gggg):

Instrukcijas: 8T anketa ietver vairakus jautajumus. Ladzu, uzmanigi izlasiet katru jautajumu un no piecam atbildem
izvélieties sev piemérotako. Ludzu, nedomajiet par jautajumiem parak ilgi; noteikti atbildiet uz visiem jautajumiem un
shiedziet tikai vienu atbildi uz katru jautajumu, proti, katram jautajumam atziméjiet tikai vienu ritinu.

Noradiet, cik bieZi pedéjo 4 nedeju laika
tiskas epizoZu {angioedémas) dé| Jums

nacies ierobezot turpmak noraditas ikdienas i L e Loti
aktivitates (neatkarigi no ta, vai $aja laika Nekad Reti Reizém Biezi bieZi
posma Jums patiesam ir bijusas tisku
epizodes)

1. Darbs O a O O O
2. Fiziskas aktivitates O O O 0O 0
3. Brivais laiks O a O O O
4. Attiecibas ar citiem cilvékiem | a O O O
5. Esana un dzersana | a O O O

Turpmakajos jautdjumos vélamies iegit .
sikaku informaciju par gratibam un i L L. L—Pt_'_
problémam, kas var bit saistitas ar atkartotam| Nekad Reti Reizém Biezi biezi
tasku (angioedému) epizodém (pedejo 4
nedélu laika)

6. Vai Jums ir gritibas iemigt? O O O O O

7. Vai Jus pamostaties nakts laika? O 0O 0 0 O

8. Vali jutaties noguris dienas
laika, jo naktis negulat labi? o o 0 O O

9. Vai Jums ir gritibas koncentréties? O O O O 0

ty of Life Questionnaire — Ame

1glish Version 2012
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Loti
Nekad Reti Reizém Biezi biezi
10. Vai Jas jutaties nomakts? | 0O O O O
11. Val_J_ums_lrj:_alerobezo édienu vai O O O O O
dzérienu izvéle?
12. Vai tiskas epizodes Jos apgratina? O | O 0 O
13. Vai Jus baidaties, ka peksni var
rasties tiskas epizode? - - . 2 J
14. Vai Jus baidaties, ka tiiskas epizozu
biezums varétu palielinaties? O H O 2 O
15. Vai Jums ir kauns iziet sabiedriba
taskas epizozu d&l? H = H = =
16. Vai tiskas epizodes Jums rada kaunu
vai samazina pasparliecinatibu? = = H = H
17. Vai jus baidaties, ka tuskas epizozu
arstésana var Jus negativi ietekmeét u O o o u
ilgtermina?

This document must not he copied or used without the permission of MOXIE GmbH. For scientific or commercial use or in case a
translation / cross cultural adaptation is intended, please check the terms and conditions on www.moxie-gmbh.de.

Angioedema Quality of Life Questionnaire — American English Version 2012
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Angioedemas aktivitates raditaja anketa

AAS

(Angioede&mas Aktivitates Raditajs)

Angioedémas aktivitates dokumentacija

Pacienta vards:

Dzim3anas datums:

Anketas aizpildisanas sakuma datums (dd mmm gggg):

1. nedéla:

Instrukcijas: Liodzu, dokumentégjiet savus simptomus retrospektivi vienu reizi diena. Katrd gadijuma
aplikojiet pédéjas 24 stundas. Ladzu, atbildiet uz visiem jautajumiem péc iespéjas pilnigak

Diena

1123|4567

Vai Jums pédéjo 24 stundu laika bijusi né

tiuskas epizode? ia

Liadzu, atbildiet uz turpmék sniegtajiem jautdjumiem par tiiskas epizodi pédéjo 24 stundu laiki. Ja
Jums nav hijusi tliskas epizode, atstajiet laucipus neaizpilditus.

Kura (-0s) diennakts laika (-0s) Jums bija | _Pusnakls — 08:00

tuskas epizode (-s)? 08:00 —16:00
(lodzu, noradiet v_isus attiecigos laika 16:00 — pusnakts
periodus)

Cik smags ir/bija &Ts ($0) pietdkuma HER RS kamiEr e

epizodes {-2u) izraisitais fiziskais neliels diskomforts
diskomforts (piem., sapes, dedzinasana, mérens diskomforts
nieze?)

stiprs diskomforts

bez iercbeZojumiem

nelieli ierobezojumi

Vai spéjat/spéejat veikt savas ikdienas

darbibas &is (o) tiiskas (-u) laika stipri ierobeZojumi

ikdienas aktivitates nav
iespeéjamas
né

Vai uzskatat, ka 51 (-s) tiiskas epizode nedaudz

(-s) negativi ietekmé (-ja) Jiisu izskatu? mereni
stipri
nenozimiga

Ka Jiis kopuma vértétu sis tiiskas viegla
epizodes smaguma pakapi? mérena

smaga
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AAS

(Angioedémas Aktivitates Raditajs)

Angioedémas aktivitates dokumentacija

2. nedéja:

Instrukcijas: Liodzu, dokumentéjiet savus simptomus retrospektivi vienu reizi diena. Katra gadijuma
apldkojiet pEdéjas 24 stundas. LOdzu, atbildiet uz visiem jautdjumiem péc iespéjas pilnTgak

Diena

3

4

Vai Jums pédg&jo 24 stundu laika bijusi
tuskas epizode?

Lidzu, atbildiet uz turpmék sniegtajiem jautajumiem par tiskas epizodi pédé&jo 24 stundu laika. Ja
Jums nav bijusi tuskas epizode, atstajiet laucinus neaizpilditus.

Kura (-os) diennakts laika (-os) Jums bija
tuskas epizode (-s)?
(lidzu, noradiet visus attiecigos laika
periodus)

pushakts — 08:00

08:00 — 16:00

16:00 — pusnakts

Cik smags ir/bija 8Ts (30) pietdkuma
epizodes (-Zu) izraisitais fiziskais
diskomforts {piem., sapes, dedzinasana,
nieze?)

nebija diskomforta

neliels diskomforts

mérens diskomforts

stiprs diskomforts

Vai spéjat/spéjat veikt savas ikdienas
darbibas 31s (50) tiskas (-u) laika

bez ierobeZojumiem

nelieli ierobeZojumi

stipri ierobezojumi

ikdienas aktivitates nav
iespéjamas

Vai uzskatat, ka 31 (-s) tuskas epizode
(-s) negativi ietekmé (-ja) Jasu izskatu?

né

nedaudz

méreni

stipri

Ka Jis kopuma vértatu $is tiiskas
epizodes smaguma pakapi?

nenozimiga

viegla

merena

smaga
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AAS

(Angioedémas Aktivitates Raditajs)

Angioedémas aktivitates dokumentacija

3. nedéla:

Instrukcijas: Liodzu, dokumentéjiet savus simptomus retrospektivi vienu reizi diena. Katra gadijuma
apldkojiet pEdéjas 24 stundas. LOdzu, atbildiet uz visiem jautdjumiem péc iespéjas pilnTgak

Diena
1/2|3|4|5([6]|7

Vai Jums pédg&jo 24 stundu laika bijusi ne
tluskas epizode? ja

Lidzu, atbildiet uz turpmék sniegtajiem jautajumiem par tiskas epizodi pédé&jo 24 stundu laika. Ja
Jums nav bijusi tuskas epizode, atstajiet laucinus neaizpilditus.

Kuri (-os) diennakts laika (-os) Jums bija | __Pusnakts — 08:00

tuskas epizode (-s)? 08:00 - 16:00
(lidzu, noradiet v_isus attiecigos laika 16:00 — pusnakts
periodus)

Cik smags ir/bija &fs (%0) pietikuma nebijadiskonmorta

epizodes (-zu) izraisitais fiziskais neliels diskomforts
diskomforts (piem., sapes, dedzinasana, mérens diskomforts
nieze?)

stiprs diskomforts

bez ierobeZojumiem

nelieli ierobeZojumi
Vai spéjat/spéjat veikt savas ikdienas !

darbibas $s (30) tuskas (-u) laika stipri ierobeZojumi
ikdienas aktivitates nav
iespéjamas
né
Vai uzskatat, ka 31 (-s) tiskas epizode nedaudz
(-s) negativi ietekmé (-ja) Jasu izskatu? méreni
stipri
nenozimiga
Ka Jis kopuma vértétu &is tiskas viegla
epizodes smaguma pakapi? mérena
smaga
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AAS

(Angioedémas Aktivitdtes Raditajs)

Angioedémas aktivitates dokumentacija

4, nedéla:

Instrukcijas: LOdzu, dokumentéjiet savus simptomus retrospektivi vienu reizi diena. Katra gadijuma
apldkojiet pedéjas 24 stundas. Ludzu, atbildiet uz visiem jautajumiem péc iespéjas pilnigak

Diena
1/2|3|4|5(|6]|7

Vai Jums pédéjo 24 stundu laika bijusi ng
tuskas epizode? i

Il

Liidzu, athildiet uz turpméak sniegtajiem jautajumiem par tuskas epizodi pedéjo 24 stundu laika. Ja
Jums nav bijusi tliskas epizode, atstajiet laucinus neaizpilditus.

Kura (-0s) diennakts laika {-0s) Jums bija | Pusnaks — 08:00

tuskas epizode (-5)? 08:00 - 16:00
(Itdzu, noradiet visus attiecigos laika 16:00 — pusnakts
periodus)

nebija diskomforta

Cik smags ir/bija s (S0) pietiikuma

epizodes (-Zu) izraisitais fiziskais neliels diskomforts
diskomforts (piem., sapes, dedzinasana, marens diskomforts
nieze?)

stiprs diskomforts
bez ierobezojumiem
nelieli ierobeZojumi

Vai spéjat/spéjat veikt savas ikdienas

darbibas $is ($o) tiiskas (-u) laika stipri ierobezojumi
ikdienas aktivitdtes nav
iespéjamas
né
Vai uzskatat, ka 51 (-s) tiskas epizode nedaudz
(-s) negativi ietekmé (-ja) Jasu izskatu? méreni
stipri
nenozimiga
Ka Jiis kopuma vértstu §is tiskas viegla
epizodes smaguma pakapi? mérena
smaga

This document must not be copied or used without the permission of MOXIE GmbH. For scientific or commercial use or in case a
translation / cross cultural adaptation is intended, please check the terms and conditions on www.moxie-gmbh.de.
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Angioedemas kontroles tests

Angioedémas Kontroles Tests

(AECT)

Pacienta vards: Datums: (dd mmmgggg):

Dzim3anas datums (dd mmm gggg)

Instrukcijas: Jums ir atkartotas tiskas, ko dévé par angicedemu. Angioedéma ir Tslaicigs adas vai glotadas
pietukums, kas var rasties jebkura kermena dala, bet visbiezak skar lupas, acis, méli, rokas un pedas, ilgstot
no dazam stundam Iidz pat dienam. DaZiem pacientiem attistas vedera angioedéma, kas bieZi nav redzama,
bet ir sApiga. Dazas tliskas formas var bt saistitas ar izsitumiem, kas zindmi art k& natrene.

Turpmak sniegti astoni jautajumi, kas novérté Jasu pasreizgjo veselibas stavokli. Katram jautdjumam no
piecam iesp&jam, lodzu, izvélieties atbildi, kas vislabak atbilst Jdsu situacijai. Ladzu, atbildiet uz visiem
Jautajumiem un uz Katru jautdjumu sniedziet tikai vienu atbildi.

1. Cik biezi pédégjo 4 nedélu laika Jums bijusi angioedéma?

O |oti biezi O biezi O dazreiz O reti O nemaz

2. Cik biezi pédgjo 3 ménesu laikd Jums bijusi angioedema?

O |ofi bieZi O biezi O dazreiz O reti O nemaz

3. Cik liela méra peédejo 4 nedélu laika, angioedéma ietekméjusi Jasu dzives kvalitati?

O |oti daudz O daudz O méreni O nedaudz O nemaz

4. Cik liela méra pedejo 3 ménesu laika, angioedéma ietekméjusi Jusu dzives kvalitati?

O |oti daudz O daudz O méreni O nedaudz O nemaz

5. Cik lielda méra p&déjo 4 nedélu laikad Jums trauc&jusi angioedémas neparedzamiba?

O loti daudz 0O daudz 0O méreni O nedaudz O nemaz

6. Cik liela méra pédéjo 3 ménesu laika Jums traucéjusi angioedémas neparedzamiba?

O |oti daudz O daudz O méreni O nedaudz O nemaz

7. Cik labi pédgjo 4 nedélu laika Jasu angioedéma bijusi kontroléta ar Jasu terapiju?

O nemaz O nedaudz O mereni O labi O |oti labi

8. Cik labi pé&déjo 3 ménesu laika Jisu angioedéma bijusi kontroléta ar Jsu terapiju?

O nemaz 0O nedaudz O mereni Q labi Q loti labi

This document must not be copied or used withaut the permission of MOXIE GmbH. For scientific or commercial use or in case a
translation / cross cultural adaptation is intended, please check the terms and conditions on www.moxie-gmbh.de
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6. pielikums

Pétijuma dalibnieku anketa

Pétijuma “Hereditara angioedéma — kliniska un genétiska izpéte” dalibnieku anketa

INICIACLIAS VIZITE

Kods (ievada petnieks):

Pacienta personas dati

Iniciali:

Dzimsanas datums (DD/MM/GGGG):

Dzivesvieta:

Talruna numurs:

Profesija val nodarbo$anas

Dzimums:
Vecums:
Swvars, kg:

Augums, cm:

Medictniskie dati

1. Gimenes anamnéze (vai ir kadam citam gimenes loceklim):
Angioedeéma:

Alergijas:
Citas slimibas:
2. Alergijas anamnézg (t.sk. medikamentu):

3. Citas slimibas:

121



6. pielikuma turpinajums

4. SmekeSana / alkohola vai narkotiku lietoSana (ja ja, cik cigare$u diena / cik bieza
alkohola lietoSana, aptuvenais daudzums un alkohola veids, piem. 1 vina glaze diena /
kada veida narkotkas):

5. Sobrid lietotie medikamenti (izpemot angioedamas terapiju):

6. Ginekologiska anamnézg (sievietém):
Pirmas menstruacijas:

Pedgjas menstruacijas:

Grtniecibas/Dzemdibas (skaits/skaits):

Slimibas vésture (hereditara angioedéma)

1. Vecums vai laiks, kad pirmo reizi paradijas HAE simptomi:

2. Simplomu aprakts: (tGsku lokalizacija, ilgums, smagums, pavadodie simplomi,
piem. Erythema marginatum — adas apsartums).

3. Abdominalie simptomi (zarnu tiska, specigas vedera sapes utt.):

4. Provocgjosie uzliesmojuma faktori:

5. Terapija (mediakaments HAE arsté$anai, deva, biezums):

6. Reakcija uz antihistaminiem, glikokortikoidiem, epinefttnu (palidz/nepalidz):

7. Pedgja tuskas epizode:

8. Laboratoriskie izmekIgjumi, mediciniskas piezimes no citam slimnicam, kuras
pacients ticis izmekl&ts (pievienot kopijas):
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9. Veiktie laboratoriskie testi:, pilna asins aina, asins biokimija, imunologiskie
izmekl€jumi, urina analize u.c. (pievienot kopijas)

121 181 0oL LR e U

Natalja Kurjane Adine Kanepa

Pickritu dalibai petijuma “Hereditara angioedéma — kliniska un genétiska izpéte™.
Esmu informét -a/-s, ka sniegta informacija tiks izmantota vienigi p&tijuma veikSanai,
personas dati un noradita kontaktinformacija pétfjuma netiks ieklauta un ta netiks
tieSa veida saistita ar atbildém un mediciniskajiem datiem.

(Pacienta paraksts}
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Centralas medicinas etikas komitejas atlauja
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