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KAlo4OBi cAoBQ: PE3IOME

nokanbHi Habpsku Lwkipw, aHrioegema, AKTyanbHicTb. JlokanbHi HabpsKkM LWKipK € NOLUMPEHVM MPOSIBOM Y NpakTuLi anepro-
MacTouuTuh, rictamiH, OpafukiHiH, kani- nora, Aepmarorora Ta ciMenHoro nikapsi. EtionatoreHeTnyHo — Le reTeporeHHa rpyna

KpeiH-KiHIHOBa cuctema. CTaHiB, A€ 0QHAKOBUI (DEHOTUMN MOXE MaTU NPUHLMNOBO Pi3HY NPUPOAY i KMiHILMCT Mae
PO3YMITV MexaHi3Mn HabpsKy y KOHKPETHOrO nauieHTa.
AASl KOpEeCNOHAEHLI: MeTa po60oTu — y3aranbHuTK cyyacHi gaHi (2020-2025 pp.) wopo eTionorii Ta nartore-
He3y NokanbHUX HabpPsIKiB LUKipK, O AOCTYMHI ANs NOLYKY YKpaiHCbKO Ta aHMiNnCbKOo
Apuesa [ap’a OnekcaHdpigHa MoBamMu.

3anopisbknii  aepxasHuil  Meauko-cpap-  Matepianu Ta metoau. Ornag nitepaTypy BUKOHaHW B dhopmaTi HapaTWBHOTO ornsaay
MaLEeBTUYHWIA yHiBepcuTeT MiHicTepctea 3 BUKOpUCTaHHAM 6a3 aaHnx PubMed/MEDLINE, Scopus, Web of Science, Google
OXOpOHW 370poB’st  Ykpainn, kadegpa Scholar Ta ykpaiHcbkux haxosux xypHanis (nepiog 01.2020-09.2025; mosu: ykpaiH-

bakynbTeTChKOI negiatpii; Cbka, aHrmnincbka). Kputepii BKIMIOYEHHS: OrNsiAmW, opuriHanbHi JOCNIOKEHHS, HACTaHOBU
Byn. CopounHcbka, 6ya. 28a, m. 3ano- European Academy of Allergy and Clinical Immunology/World Allergy Organization
pixokst, Ykpaina, 69076; (EAACI/WAOQ), koHceHcycn Ta KNiHIYHi BUNAAKW, LLO CTOCYHTbCA NMPUYUH/MEXaHi3miB
e-mail: doc_yartseva@i.ua aHrioHabpsiKy (NnokanbHOro HabpsKy LWKipK).

Pesynbratu. MexaHiam po3BuTKy NMokarnbHUX HabpsikiB LLKipW 3BOAUTHLCS OO0 OBOX MaTo-
© Hedernbcbka C.M., Spuesa /[1.0., reHeTUYHUX MoZenen: ricTaMiHepriYHol (MacToumMTapHoi, onocepeaKoBaHoi Meaiatopamu
Kpsixee O.B., CamoxiH I.B., Masyp B.1., onacucTux knitTvH) Ta GpagukiHiHepriyHol. [na nepLuoi xapakTepHi akTuauis MacTo-
Knauwbka J1.1., lamuesa O.B., uuTiB (imyHonoriyHa (IgE-3anexHa Ta IgE-He3anexHa) i HeiMyHonoriyHa), AerpaHynauis
®edoceesa O.C., 2025 3 BMBINbHEHHSIM NpedOopMOBaHUX Ta BTOPUHHUX MegiatopiB). [ns Apyroi Kno4oBuMM

€ gucbanaHc KanikpeiH-KiHIHOBOI CUCTeMM Ta CUCTEMMU KOMMIIEMEHTa (BHACNigoK reHe-
TUYHUX aedekTiB (SERPING1, F12, PLG i iHWKX) Ta HAaByTux CTaHiB (ayToiMyHHi, OKonim-
donponichepaTvBHi 3aXBOpIOBaHHS!, BNNUB MeanKkameHTiB)). B 06ox mogensix npoBsigHUm
€ 3POCTaHHSA MIKPOCYAUHHOI MPOHUKHOCTI 3a 3akoHOM PpaHka—CTapniHra i BU3HayanbHa
porb eHAoTenianbHOro rmikokanikey Ta niMgaTnyHoro ApeHaxy y pe3ontouii Habpsiky.

BucHoBKkWU. Po3mexyBaHHA MacTouuTapHoro Ta OpafuKiHIHEpriYHOro MexaHi3mis
Ha piBHi Tpurepis Ta MOMEKynsApHMX MOAIN € KroYeM A0 iHTepnpetauii deHoTunis,
WO A03BOMUTb KNIHIUUCTY AnddepeHuinoBaHO MiAXOAUTU A0 NpU3HaYeHHs Tepanii
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ABSTRACT

Background. Localized skin edema is a common presentation in the practices
of allergists, dermatologists, and family physicians. From an etiopathogenetic perspective,
it represents a heterogeneous group of conditions in which an identical phenotype may
arise from fundamentally different mechanisms. Identifying the operative mechanism
in each patient is crucial for appropriate evaluation and targeted management.
Purpose — to synthesize contemporary evidence (2020-2025) on the etiologies and
pathogenesis of localized skin edema available in Ukrainian- and English-language
sources.

Materials and Methods. Narrative literature review using PubMed/MEDLINE, Scopus,
Web of Science, Google Scholar, and Ukrainian specialty journals (01.2020-09.2025;
languages: Ukrainian and English). Inclusion criteria: reviews, original studies,
EAACI/WAO guidelines, consensus statements, and case reports addressing
causes/mechanisms of angioedema (localized skin edema).

Results. The development of localized skin edema converges on two mechanistic
models: histaminergic (mast cell-mediated) and bradykinin-mediated. The former
features mast-cell activation (immunologic—IgE-dependent and IgE-independent-and
non-immunologic), degranulation with release of preformed and secondary mediators.
The latter is driven by dysregulation of the kallikrein—kinin system and the complement
system due to genetic defects (SERPING1, F12, PLG, and others) and acquired
conditions (autoimmune and lymphoproliferative disorders, medication effects). In both
models, the principal event is increased microvascular permeability within the (revised)
Starling framework, with a decisive role of the endothelial glycocalyx and lymphatic
drainage in edema resolution.

Conclusions. Distinguishing mast cell-driven and bradykinin-mediated mechanisms
at the levels of triggers and molecular events is key for phenotypic interpretation, enabling
clinicians to tailor therapy and follow-up, and laying the groundwork for subsequent
work on diagnostics and targeted treatment. Uniquely, the review considers not only
the causes of localized skin edema but also the mechanisms underlying its resolution.

Nedelska SM, Yartseva DO, Kriazhev OV, Samokhin IV, Mazur VI, Kliatska LI, Liamtseva OV, Fedosieieva OS.
Localized skin edema: etiologies and mechanisms of development. The Journal of V. N. Karazin Kharkiv National
University. Series Medicine. 2025;33(6(57)):1084-1100. DOI: https://doi.org/10.26565/2313-6693-2025-57-10

BCTYN

JlokanbHi HabpskK LWKIpM € MNOLMPEHUM MPOSIBOM
y npaktuui anepronora, Aepmartonora, negiatpa
Ta cimenHoro nikaps. [Nonpu BMAMMY MNPOCTOTY CUMM-
TOMa, eTIONaTOreHeTNYHO — Lie reTeporeHHa rpyna CcTaHis,
ne opgHakoBui eHoTun (obmexeHe HabyxaHHSA LKipu/
CMM30BKX) MOXe MaTu NPUHLMNOBO pi3Hy npupoay [1, 2].
B mixHapogHiv knacudikauii 3axsoptoBaHb 10-ro nepe-
rmsagy (MKX-10) BukopuctoBytoTbest koan T78.3 Ta
D84.1 gna nosHayeHHst HabyTux Ta cnagkoBux opm
BiQMNOBIAHO, ane Ha npakTuui kogyBaHHs IgE-3anexHoro
HabpsKy 3anuLLIAETbLCA 30HOK BIANOBIAANBHOCTI nikaps,
ockinbkn MKX-10 Bxe He Bignosigae cyyacHum knacudi-
Kauism xBopob. PekomeHgalii MikHapogHWX aneprono-
rivHmx ToBapuctB (EAACI/WAQO) nponoHyoTb 3acTtoco-
BYBaTV YHichikoBaHWI TepMiH angioedema (aHrioHabpsik)
AK HanBinbL TOYHWI, MPOTe OcTaToyHa HOMeHKnaTypa
3anuwaeTbcsa guckycinHow [1, 3]. BaxnuBo Bigpi3HATM

INTRODUCTION

Localized skin edema is a common presentation
in the practice of allergists, dermatologists, pediatricians
and family physicians. Despite the apparent simplicity
of the symptom, from an etiopathogenetic standpoint
it represents a heterogeneous group of conditions
in which the same phenotype (limited swelling of the
skin and/or mucosa) can have fundamentally different
causes [1, 2]. In the International Classification
of Diseases, 10th Revision (ICD-10), codes T78.3 and
D84.1 are used to denote acquired and hereditary forms,
respectively. But in practice, the coding of IgE-dependent
edema remains the responsibility of the physician,
since ICD-10 no longer corresponds to modern disease
classifications. Current recommendations of international
allergy societies (EAACI/WAOQ) advocate the unified term
angioedema as the most precise descriptor, although
final nomenclature remains a matter of debate [1, 3].
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nokanbHi Habpsiku Bif reHepani3oBaHux, afxe B NepLumx
OOMIHYIOTb FlOKanbHi 3MiHW MIKPOCYOUHHOI MPOHUKHOCTI
" nimdaTtU4HOro KnipeHcy i, BiANOBIAHO, BOHW pO3BMBa-
HOTbCA 3a IHLWMMW eTionaTtoreHeTUYHMMU NpuHLMnamu [4, 5].
CknagHiCTb BCTAHOBMEHHS AiarHo3y, NpU3Ha4YeHHs niky-
BaHHS | PO3yMiHHS NPOrHO3y naiieHTa 3ymoBrieHa pi3Ho-
PIHICTIO NPUYMH Ta MEXaHi3MiB PO3BUTKY, OCKINbKN OAWH
i TOW camuii CTUMyn (Hanpuknag, BAfvMB HECTEepPOIgHMX
npoTu3ananbHyX nepnapariB) MOXe MaTtu pi3Hi natore-
HeTUYHI wnaxu. OebtoT cnagkoBux hopM HabpsikiB Moxe
BiaOyBaTUCb Yy AOpPOCHOMYy Bili, a MaHicdecTauis mean-
KaMEeHTO3HO-0MoCepeaKOBaHOIrO HabpsKy NPoOsSBNATUCH
Yyepes fekinbka micauis abo pokis nicrs novatky npumomy
nauieHToM BignoBigHMX NikiB. MolMpeHHs1 KCeHOBIOTMKIB
B OTOYYHOYOMY MOAVHY CEPENOBULLI NPU3BOAUTL 40 3MiH
iIMyHHOI BIiOMNOBIAI CUMCTEMHO Ta NoOKanbHO, BHACNILOK
YOro KrnacuyHe NOHATTS «arneprisi», KON Helo BBaXamnvcb
XBOpoOwu 3 IgE-3anexxHnM MexaHi3amoMm, Bxe He MpaLtoe.
Bci ui ocobnmBocTi cnoHyKatloTb LyKaTu iHpopmauito, sika
NOCTINHO OHOBMIOETLCS | BIANOBIAAE CyYaCHM BUKITMKAM.

Meta pob6otu — cuHTedyBatn paHi 2020-2025 pp.
LWOAO MPUYMH | MeXaHi3MmiB foKarnbHUX HabpsKiB LUKipK
3 GanaHCOM YKpalHCbKMX Ta MIKHAPOAHWX [xepen,
LLIO AaCTb 3MOry HayKOBLSIM i KNiHILMCTaM KpaLle 3po3yMiTu
NPUPOAY LbOro CTaHy i MOMiNWmTH JONOMOry nauieHTam.

MATEPIAAU TA METOAU AOCAIAXEHHSA

Ornsap nigrotoBaHo y dpopmarti HapaTMBHOrO nite-
paTypHOro ormsay 3 efneMeHTamy Npo3oporo BigTBO-
peHHst nowyky (PRISMA-lite). MNpoTokon He peecTpy-
BaBCH, OCKiNbKM MeTol Oyno CUMHTe3yBaTU Cy4dacHi
OaHi 3a octaHHi 5 pokiB (nepiog 3 1 ciyHs 2020 poky
no 30 BepecHs 2025 poky) nNpo eTionorito Ta natoreHe3
nokanbHWX Habpskie Wkipn. [Ona aHanisy BuKOpU-
ctaHi Taki gxepena: PubMed/MEDLINE, Scopus, Web
of Science, Google Scholar; ykpaiHcbki haxoBi )xypHanu;
HacTaHoBn EAACI/WAO T1a pokymeHTM MiHicTepcTBa
OXOPOHW 300poB’st YKpaiHu [3, 6].

[ins icTopuyHOro ornagy BUKOPUCTOBYBANNCS OKpeMi
Oxepena 6inbLl paHHIX POKIiB, SKLWO BOHW Manu dyHaa-
MeHTanbHe 3HayeHHsi (Hanpwvknag, opwriHanmbHUiA onuc
3akoHy ®PpaHka-CTapniHra 4M KnacuyHi ctatTi 3 onucy
CNaaKoBOro aHrioHEBPOTUYHOrO HabpsKy) [4, 7]. Bukopu-
CTaHi MOBM [pKepen — aHrmincbKa i ykpaiHcbka.

Mpuknaaun KNYOBUX NOLYKOBMUX 3anuTiB (Oynesa
norika) aHrnincouKoro i yKpaiHCbKi BignoOBIAHWKN:

— («localized skin edema» OR angioedema)
AND (histamine OR histaminergic OR mast cell*
OR MRGPRX2) AND (mechanism* OR pathogenesis)

— (angioedema OR «bradykinin-mediated») AND
(kallikrein OR «contact system» OR «C1 inhibitor»
OR SERPING1 OR F12 OR PLG OR ANGPT1) AND
(mechanism* OR pathogenesis)

— (endothelial AND (glycocalyx OR «VE-cadherin»
OR «claudin-5» OR caveolin OR transcytosis)) AND
(permeability OR «Starling»)

— (dietary histamine OR «histamine intolerance»
OR DAOQO) AND (skin OR edema)

It is important to distinguish localized edema from
generalized one, as the former is driven predominantly
by local increases in microvascular permeability
and alterations in lymphatic clearance and therefore
develops according to different etiopathogenetic
principles [4, 5]. The complexity of making a diagnosis,
prescribing treatment and understanding the patient’s
prognosis is due to the heterogenity of the causes and
mechanisms of development, since the same stimulus
(for example, the effect of nonsteroidal anti-inflammatory
drugs) can have different pathogenetic pathways.
The debut of hereditary forms of edema can occur
in adulthood, and the manifestation of drug-mediated
edema can appear several months or years after the
patient starts taking the appropriate medications. The
spread of xenobiotics in the human environment leads
to changes in the systemic and local immune response,
as a result of which the classic concept of «allergy»,
when diseases with an IgE-dependent mechanism were
considered, no longer works. All these features encourage
us to look for information that is constantly updated and
meets modern challenges.

Objective — is to synthesize 2020-2025 data on the
causes and mechanisms of localized skin edema,
balancing Ukrainian and international sources to help
researchers and clinicians better understand the condition
and improve patient care.

MATERIALS AND METHODS OF RESEARCH

This review was conducted as a narrative
literature review with elements that enable transparent
reproducibility of the search (PRISMA-lite). Protocol
was not register, as the objective was to synthesize
contemporary evidence from the last five years — January
1, 2020 to September 30, 2025 — on the etiologies and
pathogenesis of localized skin edema. Sources consulted
included PubMed/MEDLINE, Scopus, Web of Science,
Google  Scholar, Ukrainian  specialty journals,
EAACI/WAO guidelines, and documents of the Ministry
of Health of Ukraine [3, 6].

For historical context, selected earlier publications
were included when foundational (e.g., the original/revised
Starling framework; classical descriptions of hereditary
angioedema) [4, 7]. Languages: English and Ukrainian.

Examples of key search strings (Boolean logic):

— («localized skin edema» OR angioedema)
AND (histamine OR histaminergic OR mast cell*
OR MRGPRX2) AND (mechanism* OR pathogenesis)

— (angioedema OR «bradykinin-mediated») AND
(kallikrein  OR «contact system» OR «C1 inhibitor»
OR SERPING1 OR F12 OR PLG OR ANGPT1) AND
(mechanism* OR pathogenesis)

— (endothelial AND (glycocalyx OR «VE-cadherin»
OR «claudin-5» OR caveolin OR transcytosis)) AND
(permeability OR «Starling»)

— (dietary histamine OR «histamine intolerance»
OR DAO) AND (skin OR edema)
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— (ACE inhibitor OR ARNI OR neprilysin
OR DPP-4 inhibitor* OR tPA) AND angioedema AND
(mechanism* OR bradykinin)

KpuTepii BKntoYeHHSA:

Tunu ny6nikauyiu: HaCTaHOBW/KOHCEHCYCU
(EAACI/WAO; MOS YkpaiHu), ornsau, opuriHanbHi 4ocni-
DKEHHs1, KIiHiYHI cepii/kercn 3 dOKyCOM Ha eTionorito
Ta natoreHes.

Temamuka: eTionoria Ta/abo naToreHe3 nokarnbHUX
HabpskiB  LWKipn/aHrioHabpsky (rictamiHepriyHi  Ta/abo
OpaavKiHiH-onocepeaKoBaHi LUMAXK).

Moeu: ykpaiHcbKa, aHrmincbKa.

lMepiod: 2020-2025 pp. (3 BUHATKAMKU AnA
«KMACUYHMX» POBIT, 3a3HaYEHMX Y TEKCTI).

KpuTepii BUKno4YeHHs:

— My6nikauii, o 30CepemKeHi nuwe Ha

giarHocTuui/Tepanii 6€3 po3KpUTTS MexaHi3MmiB.

— [yb6nikaTn; HekopekTHi abo BiACYTHI MOBHI TEKCTY;
ponosiai 6e3 pelueHsyBaHHs; NMcTK 6e3 faHuX; BiABEpPTO
HM3bKa MEeTOAOMOoriYHa SKICTb 3@ NonepeaHbLO OLLHKOH.

O6pobka dybriikamig: eKCnopT pe3ynbraTiB Yy MeHe-
nxep 6ibniorpadii (RIS/CSV), aBTOMaTnyHe 3icTaBneHHs
DOI/PMID/Ha3B, pani Bigbupanu Bpy4YHy 3a aBTOpOM/
POKOM/XKYPHAIOM.

PyyHa cenekuis (pybpuku OUIHKU): [NA  KOXHOI
no3wvuii AaHi BHocunu B Tabnuuio 3 ypaxyBaHHsIM Norny-
nsaujii/mogeni, Tuny deHoTuny rictamiHepriyHniA/6paamki-
HIHOBWIA/3MiLLI@HWI), MEXaHICTUYHY NoAito (MacToLmMT/KiHi-
HOBa cwucTemaleHgoTeniansHuin 6ap’ep/nimgonpeHax),
Ou3anH, Kn4voBi  Giomapkepw/TecTn, peneBaHTHICTb
KNiHIYHIN npakTuLi.

Miacymok Bin6opy (PRISMA-lite):

— lageHTudikoBaHo 3anucis: 126

— Micnsa BuoaneHHst gybnikatie: 108

— CkpuHiHr Hass/pedepati: 108 — BUMKNOYEHO
55 (He BignoBigaloTb KpUTEPISM)

— OuiHeHo noBHWX TekcTiB: 53 — BukModeHo 20 (6e3
MeXaHICTUYHOro OKYCy/HENOBHI AaHi/HN3bKa SKiCTb)

— BkntoyeHo go cuHTedy: 33 nybnikauii, 3 HuUX —
17 opwriHanbHUX gocnimpkeHb, 13  ornsgoBux/Hapa-
TMBHUX, 3 HacTaHOBW/NOMITUYHI AoKkymeHTu [1-33].

ETtionorisa nokanbHux HabpskiB wkipu. CyyacHi AaHi
3BOASATb PI3HOMAHITTS NMoKanbHUX HAabPSIKIB LKipK 40 ABOX
6a30BMX MexaHi3miB — ricTamiHepriyHoro (macrtouuTap-
HOro, onocepeakoBaHOro MefdiatTopaMm onacucTyx KiTuH)
Ta 6pagukiHiHepriyHoro [1, 3]. Tomy Aani M1 nNpuBegemo
iHbopMmaLito oA eTionaToreHesy UUx BapiaHTiB Ta cnpo-
OyeEMO NOSICHUTK, SIKi OCOGNMBOCTI MaloTh Ui ABi NPUHLK-
MOBO PI3HI rPyNu i siK Lie MoXe OyTW KOPUCHUM Yy NMpaKTuLi
nikaps. [ns kpaloi Bidyanisauii OCHOBHI NpUYMHK, 3rigHO
3 KOHCeHCycHuMun pokymeHTamu EAACI/WAO (2021-
2023) 6yro 3ibpaHo B Tabn. 1, 2 Ta 3.

— (ACE inhibitor OR ARNI OR neprilysin
OR DPP-4 inhibitor* OR tPA) AND angioedema AND
(mechanism* OR bradykinin)

Inclusion criteria:

Publication types: guidelines/consensus statements
(EAACI/WAO; Ministry of Health of Ukraine), reviews,
original studies, and clinical series/case reports with
a focus on etiology and pathogenesis.

Scope: etiology and/or pathogenesis of localized skin
edemal/angioedema (histaminergic and/or bradykinin-
mediated pathways).

Languages: Ukrainian, English.

Period: 2020-2025 (with clearly noted exceptions for
«classical» works cited for context).

Exclusion criteria:

— Publications focused only on diagnostics/therapy
without mechanistic content.

— Duplicates; missing or inaccessible full texts;
non-peer-reviewed reports; letters without data; evidently
low methodological quality on preliminary appraisal.

Duplicate handling: search results were exported
to a reference manager (RIS/CSV). Automatic matching
by DOI/PMIDtitle was followed by manual reconciliation
(author/year/journal).

Manual selection (screening rubric): for each
record, we tabulated: population/model, phenotype type
(histaminergic/bradykinin-mediated/mixed), mechanistic
focus (mast cell/kallikrein-kinin  system/endothelial
barrier/lymphatic  drainage), study design, key
biomarkers/tests, and clinical relevance.

Selection flow (PRISMA-lite):

— Records identified: 126

— After duplicate removal: 108

— Title/abstract screening: 108 — excluded 55 (out
of scope)

— Full-text assessed: 53 — excluded 20 (no
mechanistic focus/incomplete data/low quality)

— Included in synthesis: 33 publications (17 original
studies, 13 reviews/narratives, 3 guidelines/policy
documents) [1-33].

Etiologies of Localized Skin Edema. Contemporary
evidence reduces the variety of localized skin edema to two
core mechanisms — histaminergic (mast cell-mediated)
and bradykinin-mediated [1, 3]. Below, we outline
the etiopathogenesis of these variants and highlight
how their distinct features can guide clinical decision-
making. For clarity, the main causes summarized from
EAACI/WAQO consensus documents (2021-2023) are
compiled in Tables 1-3.

Tabnuua 1. Y3aranbHioBanbHa Tabnmusa Tpurepis NokanbHUX HABPSIKIB LUKipK
Table 1. Summary of triggers of localized skin edema

Tun MexaHiam
Type Mechanism

Tpurepu
Triggers

KniHiyHi npuknagm
Clinical examples

licTaminepriyHmmn
Histaminergic HYNAUIS, BUBINIbHEHHS riCTaMiHy
i iHWMX MediaTopis, NiABULLEHHS
NPOHWKHOCTI CyAWH

Mast-cell activation —

AkTuBaUig macTouuTiB, ix gerpa- | AnepriuHi (IgE/IgG), niku-akTueatopu,
iHdpekuii, disnyHi hakTopu, HenepeHocu-
MiCTb FiCTamiHy, TOKCUHW.

Allergic (IgE/IgG), drug-induced mast-cell
activators, infections, physical factors,

[ocTpuin aneprivyHui
aHrioHabpsik, KPONMB'AHKa,
iHdbekuinHo-acouinoBaHi
dopmu [1, 2, 8, 9].

Acute allergic angioedema,

Ornspg nitepatypu
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lpodoexeHHs1 mabnuui 1/ Continuation of Table 1

degranulation — release
of histamine and other mediators
— 1 microvascular permeability

histamine intolerance, toxins

urticaria, infection-associated
forms [1, 2, 8, 9].

BpagukiHiHepriyHun
Bradykinin-mediated

[OuncbanaHc kanikpeiH-kKiHiHOBOI
cucTeMU, NiABULLEHHS KOHLIEH-
Tpauii 6pagukiHiHy, NiaBULLEHHS
NPOHWUKHOCTi CYAUH.

Imbalance of the kallikrein—kinin
system — 1 bradykinin — 1
microvascular permeability

leHeTnuHi (SERPING1, F12, PLG,
ANGPTT), HabyTi (ayToiMyHHi), niku
(iIAN®, ARNI/NEP-i, DPP-4-i, tPA),
€CTPOreHUn Y CXUMbHUX, TOKCUHW.

Genetic (SERPING1, F12, PLG,
ANGPTT), acquired (autoimmune), drugs
(ACE inhibitors, ARNI/NEP inhibitors,
DPP-4 inhibitors, tPA), estrogens

in susceptible individuals, toxins

CnagkoBuit/HabyTui
aHrioHEeBPOTUYHUIA HABPSIK;
MeaVKaMeHTO3Hi

dopmu [3, 6, 10—14].
Hereditary/acquired
angioedema; drug-induced
forms [3, 6, 10—14]

Mpumitkn / Notes:

ACE - angiotensin-converting enzyme; AlN® — aHrioteH3nH-nepetBoptotoumin pepmeHT; ARNI — angiotensin-receptor—neprilysin
inhibitor; /BPA — iHribiTop HenpunianHy/6nokaTop peuenTopis Ao aHrioteH3nH; NEP — neprilysin; HEN — HenpuniauH; DPP-4 — dipeptidyl
peptidase-4; AMNM-4 — gunentugunn-nentugasa-4; tPA — tissue plasminogen activator; TAlN — akTBaTop TKAHLOBOIO NA3MiHOMEHy.

[icTramiHepriyHi
B TAbn. 2.

(macTtoumTapHi) Tpurepu onucati

Table 2.

Histaminergic

(mast cell-mediated) triggers see

Tabnuusa 2. lictamiHepriyHi mokanbHi HAOPSKX LLKIPU: NPUYUHN Ta MEXaHi3MU
Table 2. Histaminergic localized skin edema: causes and mechanisms

Migrpyna
Subgroup

Tpurepu/npviknaam
Triggers/examples

MexaHizmun
Mechanisms

ImyHonoriyHi (IgE)
Immunologic (IgE)

XapuoBi anepreHu, naTtekc, oTpyTu nepe-
TUHYaCTOKPUIUX, NEHILNMIHW.
Food allergens, latex,
venoms, penicillins

Hymenoptera

Oerpanynsuia mactountiB yepe3 FceRl, BuBinb-
HEHHS ricTaMmiHy.

Mast-cell degranulation via FceRI with histamine
release

HeimyHonoriyHi
(MRGPRX2/nceBgoaneprisi)
Non-immunologic
(MRGPRX2 / pseudo-allergy)

Onioign, TOPXiHONOHK, MicLEBI aHecTe-
TUKW, KOHTPACTHI PE4YOBUH

Opioids, fluoroquinolones, local anesthetics,
contrast agents

MRGPRX2/GPCR-onocepegkoBaHa  gerpaHy-
nsuis (6es IgE).
MRGPRX2/GPCR-mediated mast-cell

degranulation (IgE-independent)

IHdeKLinHO-acoLUiioBaHi
Infection-associated

BipycHi/6akTepianbHi iHdekuii
Viral/bacterial infections

Toll-like peuenTtopu + C3a/Cha (aHadinoTOKCUHW)
Toll-like receptors (TLRs)+ C3a/C5a (anaphylatoxins)

IHaykoBaHi isn4HUMK akTopamm
Induced by physical factors

Xonog, Tenno, TUCK, BibpaLis.
Cold, heat, pressure, vibration

MexaHouyTnuBi kaHanu, HemponenTuam
Mechanosensitive channels, neuropeptides

HenepeHocumicTb ricTamiHy
Histamine intolerance

BioreHHi amiHu (cupu, puba, pepmeHTOBaHI
NPOAYKTW), ankorosb; rictaMiHonibepatopu
Biogenic amines (aged cheeses, fish,
fermented foods), alcohol; histamine-
liberating foods

3HmwkeHHsA piBHs OAO + nigBULLEHHS Hagxo-
[O)KeHHS ricTaminy + rictamiHonibepauis.

| DAO (diamine oxidase) + 1 dietary histamine
load + histamine liberation

ToKCUHM
Toxins

OTpyTn KOMax, naByKiB/CkOpnioHiB, Meays/
MOITHOCKIB, 3MiiHi OTPYyTU.

Venoms of insects, spiders/scorpions;
jellyfish/mollusks; snake venoms

Mpsima gerpanynsuis/ricramiHonogibHi areHTw.
Direct mast-cell degranulation / histamine-like
agents

Mpumitkn / Notes:

OAO (DAO) — piamiHookcmaasa (diamine oxidase); GPCR — G-protein—coupled receptor; G-MNMNP — G-npoTeiHnoB’s3aHuii peuenTop;
TLR — Toll-like receptor; TIP — Toll-nogiGHuii peuenTtop.

IMyHonoriyHi

(IgE/IgG-onocepenkoBaHi) Tpurepm

Immunologic (IgE/IgG-mediated) triggers operate

peanisyloTbCsl 3a PaxyHOK MEpPEXPecHOro 3B’si3yBaHHS
IgE Ha BucokoadhiHHOMYy peuenTopi FceRI onacuctoi
KnituHm, wo aktueye Syk-PLCy-IP,/Ca* - «kackag,
SNARE-anapart i wsunaKy AerpaHynsuito 3 BUKUWOOM ricta-
MiHy, TPUNTa3K, ximasu; ynpoaoBX XBUMMUH CUHTE3YOTHCS
npoctarnanauHn PGD, i uucTeiHin-nenkotpieHn CysLT
(LTC,/D,/E,) [2]. TicTamiH Yepes cBil peuenTtop H, iHayKye
CKOPOYEHHS eHAOTEeNito, BIOKPUTTA MDKKNITUHHMX LLiNWH
Ta Basoaunarauito; PGD, i NenKoTpieHn MponoHryoTh
uen edekT.

HeimyHonoriuni (MRGPRX2-3anexHi Ta  iHLi)
YMHHUKK. LS rpyna Takox € pisHOopigHOK 3a cTUMynamu,
SKi CIPUYNHSIIOTL AEerpaHynsLilo onacucTmx KniTuH Yyepes

via cross-linking of IgE on the high-affinity FceRI receptor
of the mast cell, which activates the Syk-PLCy-IP./Ca**
cascade, the SNARE machinery, and rapid degranulation
with the release of histamine, tryptase, and chymase;
within minutes, PGD, and cysteinyl leukotrienes (CysLT:
LTC,/D,/E,) are synthesized [2]. Histamine acting through
the H1 receptor induces endothelial cell contraction,
opening of intercellular gaps, and vasodilation; PGD, and
leukotrienes prolong this effect.

Non-immunologic = (MRGPRX2-dependent and
other) factors. This is a heterogeneous group of stimuli,
which trigger mast-cell degranulation via diverse

Ornspg nitepatypu
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pi3Hi peuentopu. YacTuHa nikis (onioian, dTOPXiHOMOHM,
Jesiki MicueBi aHeCTEeTUKW, KOHTPacCTHi PEeYOBUHM) aKTu-
Byt0Tb MacToumut yepes MRGPRX2 abo iHwi peuentopu
6e3 yuacTi IgE; C3a/C5a gitoTb sk aHainoToKCUHW, Ans
HMX TEX € CBOI peLienTopu Ha ONacucTmx KNitmHax; gisnyHi
cTuMynu (xonog/Tenno/Tuck/sibpauis/wTpuxoBe nogpas-
HEHHS LLKIpW) — Yepe3 MeXaHOYyTnuBI KaHann N Hempo-
nenTuau, Wo nonerwyoTtb AerpaHynadito. MRGPRX2-3a-
NEeXHUA MexaHisM Ha JaHOoMy eTani He OOCTYMHWA Ans
00’ekTUBI3aLi B pyTUHHII KNiHIYHI NpaKT1Li, OCKiNbku Bari-
[OBaHi gjiarHoCTUYHI TecTun BiacyTHi. Kpim Toro, TepretHa
Tepania gna MRGPRX2-3aneXHoro LWnsaxy 3HaxoauTbCs
Ha cbOrofHi Ha etani po3pobku [9, 15, 16, 17].

IHbeKUiNHI TpUrepmu cnpuuMHAKTL po3nag MacTo-
unty 4epes Toll-like peuentopwu, ogHovacHO Kommne-
meHT yTBoptoe C3a/Cbha (aHadinoTokcuHu), ski gopar-
KOBO aKTMBYHOTb OMACUCTI KMiTUHW i eHpoTenin (TobTo,
SK NpaBwWno, BOHW Ail0Tb 3@ HEIMYHOMOriYHUM Mexa-
Hiamom) [9]. KniHi4HO Habpsk YacTiwe cynpoBOOXKYETHCA
KPOMMB'SIHKOKO Ta LUBWAKO BiAMNOBIAAE HA aHTUrCTaMiHHI
npenaparu i rnokokopTukocTepoian [1].

HenepeHocumicTb rictamiHy 5K OauH i3 pisHoBUAIB
nceBaoanepriyHMX peakuii TakoX MoXe OyTn MpPUYMHO
nokanbHMx HabpsikiB LWKipy. HenepeHocuMOCTb ricTamiHy
dopmyeTbCs, Konm € ancbanaHc MK HaAXOMKEHHSAM ricTa-
MiHy (BHacnigoK BXuBaHHSA ki, 6aratol Ha rictami) i 1oro
Oerpagadieto (BHacnigok gediumnty pepmMeHTis, Lo po3Lue-
NMoKTL), @ TaKoX BUKMAOM MNpedOpMOBAHOrO ricTaMiHy
i3 rpaHyn ONacucTMX KNiTMH BHACMIAOK BNAMBY ricTaMiHOMi-
6epatopis. OnuncaHi pi3Hi giarHOCTUYHI NiAXOAM A0 Henepe-
HOCMMOCTI FiCTaMiHy (BKIMOYHO 3 tlabopaTopHMMK TecTamu
kinbkocTi [JAO Ta il aKTMBHOCTI, NPOBOKaLilHi Npobu 3 ricta-
MIHOM Ta iHLWI), ane aHani3 KniHiYHMX BUMaAKiB MOKasye,
O Ha CbOrodHI ONTUMAsIbHOK TaKTMKOK € NMpobHa YiTko
chnrnaHoBaHa HU3bKoricTamMiHOBa Ai€Ta Ta BeAEHHS LLUOAEH-
HVKIB CamMOCnocTepexeHHs/xapyyBaHHs [2, 8, 18, 19].

TokcuHmn (oTpyTn Komax (Bgxonu/ocu/mypalukn),
naByKiB/CKOPNIOHIB, Meay3/MOIOCKIB | AesKi 3MiiHI OTPYTH)
MOXYTb MPOBOKYBaTW AerpaHynsuito onacucTmx KniTuH
npsiMo abo MiCTSTb ricTaMiHONOAIGHI Monekynu, ski AiloTb
3a HEeiMYHOMOriYHMM MexaHiamom [9].

licTamiHepriyHMn MexaHi3m € HanbinbL NOLWNPEHNM
i NexuTb B OCHOBI MepeBaxHOi BinbLIOCTi BMNAaAkKiB
nokanbHMX HabpsikiB. [is BCix Tpurepie MactounTapHOro
Habpsiky 3BOAUTbLCHA [0 ChinbHOI noAii — AerpaHynsauii
MacTOUMUTIB i BUBINIbHEHHS MefiaTopiB, L0 CTBOPIOKOTb
YMOBM 4119 NTOKanbHOro Habpsiky.

BpagukiHiHepriyHi Tpurepn onucati B Tabn. 3.

receptors. Several drugs (opioids, fluoroquinolones,
some local anesthetics, contrast media) activate mast
cells through MRGPRX2 or other GPCRs without
IgE involvement; C3a/C5a act as anaphylatoxins
through their own mast-cell receptors; physical stimuli

(cold/heat/pressure/vibration/skin  stroking [dermogra-
phism]) act via mechanosensitive channels and
neuropeptides that facilitate degranulation. The

MRGPRX2-dependent mechanism is currently not
amenable to objective verification in routine clinical
practice, as validated diagnostic tests are not yet available.
In addition, targeted therapy for the MRGPRX2-mediated
pathway is still in the developmental stage. [9, 15, 16, 17].

Infectious triggers activate mast cells via Toll-like
receptors, while complement simultaneously generates
C3a/C5a (anaphylatoxins) that further activate mast
cells and endothelium (i.e., this typically proceeds
through a non-immunologic mechanism) [9]. Clinically,
edema accompanied by urticaria and responds rapidly
to antihistamines and glucocorticoids [1].

Histamine intolerance — as a form of pseudo-allergic
reaction—can also cause localized skin edema. It arises
from a mismatch between histamine intake (consumption
of histamine-rich foods) and histamine degradation
(deficiency of degrading enzymes), together with the
release of preformed histamine from mast-cell granules
under the influence of histamine-liberating substances.
Various diagnostic approaches to histamine intolerance
have been described (including laboratory tests for DAO
concentration and activity, histamine provocation tests,
and others). However, analysis of clinical cases shows
that, at present, the most appropriate strategy is a trial
of a carefully structured low-histamine diet combined with
self-monitoring and food diaries [2, 8, 18, 19].

Toxins (venoms of insects—bees/wasps/ants—
spiders/scorpions, jellyfish/mollusks, and certain snake
venoms) may provoke mast-cell degranulation directly
or contain histamine-like molecules that act through
non-immunologic mechanisms [9].

Overall, the histaminergic mechanism is the most
prevalent and underlies the majority of localized
edema cases. The action of all mast-cell triggers
converges on a common event-mast-cell degranulation
with mediator release that creates the conditions
for localized edema.

Bradykinin-mediated triggers described in Table 3.

Tabnuus 3. BpagukiHiHepriyHi nokarnbHi HabPsIKK LWKipW: eTioNOris | MexaHiamu
Table 3. Bradykinin-mediated localized skin edema: etiologies and mechanisms

Migrpyna
Subgroup

Tpurepu/npuknagu
Triggers/examples

MexaHi3mn
Mechanism

Cnagkosi (3 gediuutom
C1-inribiTopa, HAE-C1-INH)
Hereditary (C1-inhibitor
deficiency; HAE-C1-INH)

SERPING1 (tvn I/11)
SERPINGT1 (types I/Il)

BHuxeHHs1 kinbkocTi/dyHkuii C1-INH, HekoHTponbo-
BaHa aKTMBaLlisi KOHTAKTHOT CUCTEMMU, MiABULLEHHS
KOHLeHTpaUii 6pagunkiHiHy

| Amount/function of C1-INH — uncontrolled
activation of the contact system — 1 bradykinin

CnapKoBi (3 HopManbHUM BMICTOM
C1-inribiTopa, HAE-nC1-INH)
Hereditary (normal

C1-inhibitor; HAE-nC1-INH)

F12, PLG, ANGPT1 (+ KNGT)
F12, PLG, ANGPT1 (+ KNGT)

MyTauii reHis, Lo kogyoTb cuctemy ibprHonisy
Ta Koarynauii, NiaBULLEHe YTBOPEHHS KiHIHIB
Gene mutations affecting coagulation/fibrinolysis
pathways — increased kinin generation

Ornspg nitepatypu
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lpodoexeHHs1 mabnuui 3 / Continuation of Table 3

HabyTi
Acquired
disorders

AyTtoaHTuTina, nimdonponicdepadis
Autoantibodies, lymphoproliferative

dyHkuioHanbHuiA gediumt C1-INH
Functional C1-INH deficiency

6paaukiHiHy/cybeTaHuii P
Drugs that slow bradykinin/
substance P degradation

DPP-4 inhibitors

ik, ski ynosinbHoTL gerpagadito | iAMN®; NEP-i/ARNI; DPP-4-i
ACE inhibitors; NEP inhibitors/ARNI;

Bnok kataboniamy 6paaukiHiHy/cybcTaHuii P, nigsu-
LLIeHHS KOHUEeHTpaLii 6pagukiHiHy

Block catabolism of bradykinin/substance P — 1
bradykinin

NikK, Wo nocunowTb
YTBOPEHHS BpaauKiHiHy
Drugs that increase
bradykinin formation

®ibpuHoniTukm (tPA)
Fibrinolytics (tPA)

Mna3awmin, aktmeauia FXIl/kanikpeiHy, nigBuLLEHHsS
KOHLeHTpaLjii 6paaukiHiHy
Plasmin — activation of FXll/kallikrein — 1 bradykinin

Toxins/patterns nicaxapuau

Snake venoms; bacterial

[opmOHHK EcTporeHn y nauieHTis MocuneHHs ekcnpecii FXII Ta 4yTnMBOCTI KiHIHOBOrO
Hormones 3 HAE-nC1-INH Kackagy
Estrogens in HAE-nC1-INH 1 FXIl expression and heightened sensitivity of the
kinin cascade
TokcuHu/naTepHn 3MiiHi oTpyTyW; BakTepianbHi ninono- | Kanikpein-nogibHi dpepmerTtn/aktneauis FXII

lipopolysaccharides (LPS)

Kallikrein-like enzymes / FXII activation

Mpumitkn / Notes:

HAE - hereditary angioedema; CAH — cnagkoBuii aHrioHabpsik; C1-INH — C1 inhibitor; C1-iHr — C1-iHribitop; ACE — angiotensin-
converting enzyme; AlN® — aHrioteH3nHnepersoptotoumin depmeHT; NEP — neprilysin; HEM — HenpunisnH; ARNI — angiotensin-
receptor—neprilysin inhibitor; BPA — iHribiTop HenpunisnHy/6nokartop peuenTopis Ao aHrioTeH3anHy; DPP-4 — dipeptidyl peptidase-4;
OrNn-4 — gunentuamn-nentuaasa-4; tPA — tissue plasminogen activator; TAlN — TkaHbOBWIA akTuBaTop nnasmiHoreHy; FXII — factor XII;

XIl- pakTop XII.

BpagaukiHiHepriyHi Habpsikn MOXXHa NoAINUTK Ha cnag-
KoBi Ta HabyTi. CnagkoBi NoB’sA3aHi 3 gedekTamm reHis,
wo kopytoTb C1-iHribiTop Ta Oinkv cucteM koarynsii
i ibpuHonizy. HabyTi nos’a3aHi 3 Aielo NeBHUX nikiB
Ta oHko/nimdonponidepaTtuBHUMM/ayTOIMYHHUMW 3aXBO-
PIOBaHHSIMU/TOKCUYHOO Ji€t0 OTPYT.

FeHeTnuHi cpakTopu. [Hecdektn SERPINGT (reH,
Wwo koaye KinbkicTb/dpyHKuito C1-iHribGiTopa; cnagkosun
aHrioHabpsk Tunis I/Il) yn myTauii F12 (paktop XaremaHa),
PLG, ANGPT1 (cnagkoBuiA aHrioHabpsik 3 HopMmarbHO
KoHueHTpauieto C1-iHribiTopa) 3cyBalTb KOHTAKTHY
cucteMy B Oik HEKOHTPONbOBAHOIO YTBOPEHHS Opaau-
KiHiHY [3, 6, 10]. Y xiHok nepebir CAH 3 HopmanbHo
KoHUeHTpauieto C1-iHribiTopa 4acto € ecTporeH-3a-
NEeXHUM (Npy NPUMNOMi KOMBIHOBaHWNX OparnbHUX KOHTpa-
uenTuBiB abo 3aMiCHi ropMoHanbHin Tepanii).

Ha6yTi O6papukiHiHOBi Habpsku. Po3BuBalTbLCA
K pesynbraT Aii ayToaHTUTIN A0 KOMMOHEHTa Komnne-
mMeHTy (C1q) abo nimdonponidepaTMBHUX NpoLECiB
(dyHKUioHanbHUIA AediumT iHribiuii kanikpeiny) [3].

MeavkameHTO3HO-0MOCEepeaKoBaHi 6paaunKiHiHOBI
HabpsikM (BMHUKAOTb BHACNIOOK 3HWXKEHHS aerpagadii
6paaukiHiHy/cybcTaHuii P abo nigBuLLyoTb YyTBOPEHHS
OpaavkiHiHy, K NpaBuo, € HabyTumu):

— AN®-iHriGiTopu (eHananpwr, NisHONPUI, NEPUHAO-
npwvn ToLo): BriokytoTe Kataboniam 6paaukiHiHy/cyocTaHuii P
i € KNacU4HOK NPUYNHOI MEANKaMEHTO3HO-0NOCePeaKoBa-
HOro Habpsiky, 0cobrnMBO HabpsiKy si3uka [14].

— iHriGiTtopn HenpunisuHy (cakyGiTpun/BancapTaH;
iCTOPMYHO OMoMaTpunar; pauekodoTPuUI):  3HUXKYHTb
mMeTaboniam G6paaukiHiHy abo cybcTaHuii P; 3abopoHeHo
cymiwatin 3 iHribitopamu AM®; npu nepexogi norpibHa
«BigMuBka» 236 rog. [11, 14].

— iHriGitopn gunentuaun-nenTugasy  (MINTUHWK,
LYKPO3HWXKyBarnbHi npenapaTv): MeHLW MOTYXHi, ane

Bradykinin-mediated edema can be divided into
hereditary and acquired forms. Hereditary forms are
linked to defects in genes encoding C1-inhibitor and
proteins of the coagulation/fibrinolysis systems. Acquired
forms are associated with certain medications and
onco/lymphoproliferative/autoimmune disorders or the
toxic action of venoms.

Genetic factors. Defects in SERPING1 (gene
encoding the quantity/function of C1-inhibitor; hereditary
angioedema types I/ll) or mutations in F12 (Hageman
factor), PLG, ANGPT1 (hereditary angioedema with
normal C1-inhibitor) shift the contact system toward
uncontrolled bradykinin generation [3, 6, 10]. In women,
the course of HAE with normal C1-INH is often estrogen-
dependent (e.g., during combined oral contraception
or hormone-replacement therapy).

Acquired bradykinin-mediated edema. Develops
due to autoantibodies to complement components (C1q)
or lymphoproliferative processes leading to functional
deficiency of kallikrein inhibition [3].

Drug-mediated bradykinin edema (arises from
reduced degradation of bradykinin/substance P or
increased formation of bradykinin; typically acquired):

— ACE inhibitors (enalapril, lisinopril, perindopril,
etc.): block catabolism of bradykinin/substance P and
are a classic cause of drug-induced edema, especially
tongue swelling [14].

— Neprilysin inhibitors/ARNI (sacubitril/valsartan;
historically omapatrilat; racecadotril): reduce metabolism
of bradykinin or substance P; contraindicated with
ACE inhibitors; a 236-hour washout is required when
switching [11, 14].

— DPP-4 inhibitors (gliptins, antidiabetic agents):
weaker effect alone, but risk increases when combined
with ACE inhibitors [10].
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y KombiHauii 3 iHribiTopamu AN pusnk po3BUTKy HabpsIKy
3poctae [10].

— ®i6puHonitukn (tPA) cnpuunHATE  TUNOBUIA
OponiHrBanbHUIA  aHrioHabpsk  micna  Tpomobonisucy,
yacTiwe y nauieHTiB, Aki npuimaroTb iAMNP BHacnigok
36inbLeHHs npoaykuii 6paaukiHiHy [13].

— EcTtporenn (kombiHOBaHi oparnbHi KOHTpauenTueu,
3aMicHa ropmMoHarnbHa Tepanisl) y CXUIbHUX MauieHTiB
(3 pedbektamu reHa cakTopa Xaremana) [3, 6].

TokcuHu/ninononicaxapuau KIiTUHHUX  CTiHOK
6akTepin. 3miiHi oTpyTn (Bothrops jararaca) micTaTb Kani-
KpeiH-noaioHi hepmeHTU/6pagukiHiH-NnoTeHLiloBanbHi
nenTuAKn; NaBYKOBI/CKOPMIOHOBI Ta MOPCbLKI MenTuaHi
TOKCVMHW aKTUBYHOTb MPOTEONITUYHI Kackagw; Gaktepi-
anbHuK ninononicaxapug aktueye daktop Xll i KOHTakTHY
cuctemy [3, 6, 20].

BpapaukiHiHepriyHi Habpsakv hopmytoTbest Ha Thi NiaBwW-
LLEeHOT KoHUeHTpauii GpagukiHiHy (BHacnigok abo nocu-
MNEeHOro 1Moro cuHTesy, abo yMoBiNbHEHHS Aerpagadii),
Ui HabpsiKM XapaKTepuayoTbCs BiACYTHICTIO YiTKOT BignoBiai
Ha aHTUricTaMiHHI NpenapaTy Ta rOKOKOPTUKOCTEPOIAMN.

LLlo 3HaHHs eTionorii HabpsKiB Aae Ham A1 KNiHIYHOI
npakTukM? 3aBAsKM LbOMY MW PO3YMIEMO MEBHi 3aKO-
HOMIPHOCTi B pO3BUTKY HabpsKiB, 3a SKAMU MOXEMO
3anigo3pyTK TOM YW iHWWIA BapiaHT i HagaTtu HeobXiaHy
pornomory nauieHty. [ns rictamiHeprivHux HabpsikiB
TUNOBMN LUBUAKWUIA MOYaTOK, 3a3BMYai BiH MOEAHYETHCS
3 KpOMMB'sIHKOK Ta [o0pe BignoBigae Ha aHTuricTa-
MiHHI npenapatvi. [Ons GpapukiHiHepriyHMX Habpskis
XapakTepHW MOBINbHWUIA PO3BUTOK (Moxe OyTu Bnpo-
OOBX [OeKinbkox AHIB), AOBLUIA TpuBanicTb, BiACYTHICTb
BignoBigi Ha aHTurictamiHHi Ta/abo rMKOKOPTUKOIOMN,
BULLUIA PU3MK ypaxkeHHa auxanbHux wnsxis [1, 3, 14].
AKWO MKW Nigo3ptoeMo HabpsiK, CNPUYUHEHUIA fiKaMmu,
TO BapTO Hacamnepen nepernsHyTv npyunom iAMN®, iHri-
GiTopiB HiNpuni3uHy, iHriGiTopiB AvnenTuaMnnNenTuaasu,
hibpMHONITUKIB Ta €CTPOreHiB, a TakoX 4acoBMIN 3B’30K
i3 cumntomamm [11,12, 13, 14, 21, 22, 23].

MexaHi3mMu po3BUTKY NOKanbHUX HabpsKiB WKipW.

JlokanbHUI HaOpPSIK LWKIpU BUHWUKAE, KONMMW LUBUAKICTb
dinbTpadii nnasmu 3 ApiGHWX CyAWH LWKIpW Yy MiKKITi-
TUHHWIA NPOCTIP NEpPEBULLYE CMPOMOXHICTb MiMdaTUYHOI
cuctemu o i BigBegeHHs. epeaycim ue CTOCyeTbCst
MiKpPOBEHYISIPHOTO CerMeHTa CyAUHHOTO pycna.

MexaHiamu po3BUTKY NMOKanbHUX HabpPSKIB LUKIpK I'pyH-
TYHOTbCH Ha AncbanaHci Mixk cunamu, LLO YyTPUMYOTb PiANHY
BCEPEOVHi CyOuH, Ta YMHHWUKAMWU, SIKi CIPUSIOTL ii BUXOAY
B iHTepcTUUin. KnacnyHum nigrpyHTaM Ons Lsoro € 3akoH
®paHka—-CTtapniHra, 3rigHO 3 kMM inbTpauis piguHu
yepes KaninspHy CTiHKY BU3HAYaETbCS Pi3HMLEID MK rigpo-
CTaTU4HUM Ta OHKOTUYHUM TUCKOM Y CyAMHAX i TKaHWHaX:

Jv=Kf[(Pc—Pi)-a(mrc—mi)]

ae:

JV — WBMAKiCTb TpaHceyaauii pianHu,

Kf — koeiuieHT dinbTpauii (3anexutb BiA NPOHUK-
HOCTI KaninsipHoi CTiHKK),

Pc — kaninapHui rigpoctaTtmyHmm TUCK,

Pi — iHTepCcTULiNHMI rigpOCTaTUYHUIA TUCK,

TIC — OHKOTMYHMWI TUCK NIa3mu,

TTi — OHKOTUYHUIA TUCK IHTEPCTULO,

0 — koedpiuieHT BiabutTa anga Ginkis.

Y HopMmi GanaHc uux cun 3abesnevye MiHiManbHWUA
BUXi PiAVMHKU B iIHTEPCTULIN i3 noganbLioto ii pesopbuieto

— Fibrinolytics (tPA): typical orolingual angioedema
after thrombolysis, more frequent in ACE-inhibitor users,
via increased bradykinin production [13].

— Estrogens  (combined oral contraceptives,
hormone-replacement therapy) in susceptible patients
(e.g., with F12 variants) [3, 6].

Toxins/bacterial lipopolysaccharides.  Snake
venoms (Bothrops jararaca) contain kallikrein-like
enzymes/bradykinin-potentiating peptides; spider/scorpion
and marine peptide toxins can activate proteolytic
cascades; bacterial LPS activates factor Xll and the
contact system [3, 6, 20].

Bradykinin-mediated edema develops against
a background of elevated bradykinin concentrations
(due to increased synthesis or slowed degradation) and
is characterized by poor response to antihistamines and
glucocorticoids.

Clinical implications. Etiologic insight helps infer patterns
at the bedside. Histaminergic edema typically has a rapid
onset, often coexists with urticaria, and responds well
to antihistamines. Bradykinin-mediated edema develops
slowly (over hours to days), lasts longer, shows little/no
response to antihistamines and/or glucocorticoids, and
carries a higher risk of airway involvement [1, 3, 14]. If drug-
induced edema is suspected, first review exposure to ACE
inhibitors, neprilysin inhibitors/ARNI, DPP-4 inhibitors,
fibrinolytics, and estrogens, and check temporal relationships
with symptoms [11,12, 13, 14, 21, 22, 23].

Mechanisms of localized skin edema development.

Localized skin edema arises when the rate of plasma
filtration from cutaneous microvessels into the interstitial
space exceeds the capacity of the lymphatic system
to remove it. This applies primarily to the microvenular
segment of the vascular bed.

The mechanisms are grounded in an imbalance
between forces that retain fluid intravascularly and
factors that promote its efflux into the interstitium. The
classical framework is the Frank—Starling principle,
according to which fluid filtration across the capillary wall
is determined by the difference between hydrostatic and
oncotic pressures in vessels and tissues:

Jv=Kf[(Pc—Pi)-a(trc—mi)]

where

Jv — transudation (filtration) rate;

Kf — filtration coefficient (depends on capillary wall
permeability);

Pc — capillary hydrostatic pressure;

Pi — interstitial hydrostatic pressure;

1rc — plasma colloid oncotic pressure;

mi— interstitial colloid oncotic pressure;

o — reflection coefficient for proteins.

Under physiological conditions, the balance of these
forces results in minimal interstitial fluid formation, followed
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nimcpatnyHoo cuctemoro. lNpu Habpsikax uen banaHc
MOPYLLYETLCS 3@ PaxyHOK Pi3KOr0 3pOCTaHHsS MPOHUK-
HOCTI Kaninapis, WO € ChiNlbHO faHKOoK natoreHesy
SIK ricTaMiHepriYHMX, Tak i OpagukiHiHepriYyHNX HabpsKiB.
CyuyacHa peBisisi LbOro NpuHLUMNY BPaxoByE BUpiLLANbHY
pornb eHpgoTenianbHoro rnikokanikcy (EMK). BiH € wapom
rMiKONPOTETHIB | NPOTEOornikaHiB, L0 BKPUBAE eHAOTENINn
i perynioe MPOHUKHICTb. [MOLWKOAXKEHHS rRiKOKanikey
(3ananeHHs, oKCUaATMBHUIA CTpec, iHGEKLT) Npn3BoanNTb
[0 HEKOHTPONbOBaHOI BTPATW MNNa3mu B iHTEPCTULLN.
3cyB EMNK i 3meHLIeHHs nigrnikokanikcHOro OHKOTUYHOIO
TUCKY 3HMXYHOTb eeKTUBHICTb «peabcopbuii» y BeHy-
NApHOMY BiAAiNi; pesopbuis piAMHM nepeBaxHoO BindyBa-
€TbCs Yepes NnimdaTtnyHi kaninapu, Wo BM3Ha4Yae Tpuea-
nicTb i BUpaxeHicTb Habpsiky [4, 7, 24].

MexaHiaMm po3BUTKY Habpsiky 3a nogismm MoxHa
YMOBHO pO34iNMTN Ha JeKinbka eTaniB Anis NonerweHHst
CNPUIAHATTS.

Etan 1. Bnnue Tpurepie (etionoriyHnx dakropis),
WO nNpu3BOAATb 00 BUMBIMIbHEHHA cneundivyHux megi-
atopiB. [lpu rictamiHepriyHOMy LWNsxy BigOyBaeTbCA
JerpaHynsuis onacuctux KriTuH  (iMyHonoriyHo- abo
HeiMyHOIOriYHO-ONnocepeaKkoBaHa), BUBINbHEHHA Mefia-
TOpiB (ricTamiHy, TpunTasn, NnpocTarnaHauHiB, NenKoTpi-
€HiB Ta iHWwKX) [9, 15, 16, 17]. MNpn po3BUTKY NOKanbLHOro
Habpsiky 3a GpaguKiHIHOBMM MexaHi3aMoM BigbyBaeTbCs
aKkTMBaUis KOHTaKTHOI cucTeMu BHacnigok aediunty
C1-iHribiTopa, sikMiA BNMBaAE Ha NpPoLECH NepeTBOPEHHSI
npekanikpeiHy B KamnikpeiH, nnasMiHOreHy B MNiasMiH.
BpaaukiHiH, 38’A3yrouKCh i3 peuenTopom B, Ha eHgoTenii,
aktmye eNOS Ta npocTaumkniHoOBWMM LINSX, WO Chpwu-
UMHSIEe BasogunaTauito M NigBULIEHHST MPOHMKHOCTI;
npu 3ananeHHi iHOYKyeTbca B, -peuentop, 4YyTnunBeuii
no des-Arg9-BK [25]. Kpim TOro, aktmBoBaHun aktop
XaremaHa € akTMBaTOpPOM NepeTBOPEHHSA npekanikpeiHy
B KanikpeiH Ta HeakTMBHOro cpaktopa 11 B akTMBHUWN.
3a BigcyTHocTi C1-iHribiTopa uen npouec npu3BOAUTb
0O  HEKOHTPONbOBAHOINO  HAKOMUYEHHS1  BpaauKiHiHy.
Okpim nigcuneHoro yTBopeHHs1 6pagukiHiHy Ha po3BUTOK
HabpSKiB LbOro TUMY MOXEe BMNIMBATU YMOBINIbHEHHS MOTO
Jerpagauii BHacnigok Aii nikie, onncaHux B po3Aini eTio-
norii [3, 6, 10, 11, 12, 20, 21, 22, 25]. Habpsik, acoui-
MOBaHUA 3 NPUAOMOM (PIBPUMHOMITMKIB NpU  IHCYMbTI
MOSICHIOITbL  MIABULLEHHSAIM  JIOKANbHOrO  YTBOPEHHS
nnasminy Ta 6pagukiHiny [13]. Y yactuHu nauieHTiB megi-
aTopy MOXYTb B3aEMHO MiACWUMIOBaTU NPOHWKHICTb CyaWH
(VEGF/rictamin) Ha Tni 3HWKeHOT Aerpaaadii pagukiHiny,
WO KMiHIYHO Ada€e «3MillaHy» KapTuHy (rictamiHo-bpaaun-
KIHIHOBMI HabpsiK), B TakOMy BUMagKy BaxnvBo 3ibpatu
MELMKaMEHTO3HUN/Xap4YOBUI aHaMHE3 i OLHUTM YacoBi
3B’513KKN 3 Tpurepamu [25, 26, 27].

Micna  BuBINbHEHHA  cheundiyHMX  MegiaTopis
HacTynae etan 2 — nogii, Aki BigOyBaTbCS B eHAoTenii.
[lo H¥X BiAHOCHATbL NapakniTUHHY NPOHUKHICTbL (aAre3vBHi
KOHTaKTK), KOnu rictamid, oakTop pocTy eHAoTEeNito CyanH
(VEGF) Ta nposananbHi LMTOKIHW 3anyckawTb Kackaj
HepeLenTopHMX TUPO3WHKIHA3 Src/Yes, WO npusBo-
anTtb 0o ocdopuntoeaHHa VE-kagrepuHny i popmy-
BaHHA MixeHOoTenianbHUx wWinuH [26, 27, 28, 29].
[opatkoBo 3anydeHi curHarnbHi MONEKynM akTo-Mio3u-
HoBoro komnnekcy (Rac1/RhoA), siki cnpusoTb ckopo-
YEHHIO M’SI30BMX BOJSIOKOH i PO3LLMPIOIOTL «nopuy. Kpim
TOro, y MIKpOBEHynax Krwo4oBuM 6Gap’epHum Ginkom

by lymphatic uptake. In edema, this balance is disturbed
primarily by an acute increase in capillary permeability —
a common pathogenic link in both histaminergic and
bradykinin-mediated edema.

A modern revision of the principle recognizes the
decisive role of the endothelial glycocalyx (EG) -
aglycoprotein/proteoglycanlayercoveringthe endothelium
that regulates permeability. Shedding or damage of the
glycocalyx (inflammation, oxidative stress, infection)
leads to uncontrolled plasma loss into the interstitium.
Disruption of the EG and a reduction of subglycocalyx
oncotic pressure diminish the effectiveness of venular
«reabsorption»; thus, fluid return occurs predominantly
via lymphatic capillaries, which determines the duration
and magnitude of edema [4, 7, 24].

Event-based stages of edema development.

Step 1. Triggers leads to mediator release. In the
histaminergic pathway, mast cells degranulate (via
immunologic or non-immunologic activation), releasing
mediators—histamine, tryptase, prostaglandins,
leukotrienes, and others [9, 15, 16, 17]. In bradykinin-
mediated edema, the contact system is activated,
typically ~when  C1-inhibitor  deficiency  permits
accelerated conversion of prekallikrein into kallikrein
and plasminogen into plasmin. Bradykinin (BK) binding
to B, receptors on endothelium activates eNOS and the
prostacyclin pathway, causing vasodilation and increased
permeability; with inflammation, B, receptors (responsive
to des-Arg9-BK) are induced [25]. Activated factor Xl
(Hageman factor) also drives conversion of prekallikrein
to kallikrein and factor Xl to Xla; in the absence of C1-INH,
this leads to uncontrolled BK accumulation. Beyond
enhanced BK formation, slowed BK degradation due
to medications (see Etiologies) also promotes this edema
type [3, 6, 10, 11, 12, 20, 21, 22, 25]. tPA-associated
edema after stroke is explained by increased local
plasmin and BK generation [13]. In some patients,
mediators may potentiate permeability synergistically
(e.g., VEGF/histamine) against a background of reduced
BK breakdown, yielding a mixed (histamine—bradykinin)
phenotype; here, a careful medication and dietary history
and temporal linkage to triggers are essential [25, 26, 27].

Step 2. Endothelial events. Key mechanisms
include paracellular permeability (adhesive junctions):
histamine, VEGF, and pro-inflammatory cytokines
engage the Src/Yes kinase cascade, leading
to VE-cadherin phosphorylation and inter-endothelial gap
formation [26, 27, 28, 29]. Rac1/RhoA signaling within the
actomyosin apparatus promotes contractility and widens
these «pores.» In dermal microvenules, claudin-5 is
a pivotal barrier protein; its reduction or mislocalization
increases macromolecular leakage [30]. A transcellular
route also operates: under histamine/VEGF, caveolar
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€ KnayguH-5. Moro 3HWxeHHst abo aucrokaLisi nocunoe
BUTiKk Makpomorniekyn [30]. | we ognH mMexaHim — TpaH-
CKMITUHHUA WNAX, 3aBASKM SKOMY nig  Aieto  ricta-
mMiHy Ta VEGF akTuByeTbCsl KaBeomnsipHa TpaHcumMTo3a
(Cav-1, pguHamiH-2), wWwo 3abe3nevye nepeHeceHHs
anbbymiHy/6inkiB Kpi3b eHgoTenin [26].

Etan 3 — 3MiHM B remoamHamMiLi MiKpOCYAUH Ta rniko-
kanikci. Y rocTpii ¢asi Habpsiky nigBuLLYeETbCS TigpaB-
niYyHa NpoBigHICTb eHJoTenNito, 36iNbLIyeTbCA edheKTUBHA
nnowa obmiHy (BKNOYaKTLCA 0OAATKOBI MIKPOCYAMHN),
a koedpilieHT BiobUTTS 0 3MeHLWyeTbCA (NerLe NpoxoasTb
6inkn). Le 3cysae 6anaHnc CrtapniHra B Gik dinstpadii;
«3BOpOTHa» abcopbuia B nocTkaninapHux BeHynax MiHi-
MarbHa, a ronoBHa pPorb Y BUBEAEHHI pPiAVHN NEPEXOaNTb
0o nimdatnyHoi cuctemn [4, 5, 7, 24].

Etan 4 — nimdatmyHun ppeHax i po3pilleHHs
HabpsKy. JlimgaTtnyHi kaninspu («button» — 38’A3kKn) nerko
NPUNMaloTb HTepCcTUUianbHy piavHy; Aani Konektopu
3 KnanaHamMmmn nepekavytoTb i 3aBAsikv MiOreHHUM CKOpO-
YEHHSIM, LLO TOHKO PErynioTLCA OKCUAOM a3oTy i MeTa-
bonitamu; MexaHovyTnMBi kaHanu (3okpema TRPV4)
Ta 3CyBHa Hanpyra BM3Ha4aloTb 4acTOTy Ta CUMy CKOpO-
yeHb [24, 31, 32, 33]. Akwo HaBaHTaXeHHs Ha nimda-
TWUYHI CyOUHW MepeBULLyE MOMMOBY 3AaTHICTb abo € iX
ANCAYHKLIA, TO HAabpsaK TpuBae AOBLUE.

Etan 5 — 3aBeplieHHst Habpsiky. Po3cmokTyBaHHS
Habpsiky NoTpebye Takmx 3MiH: BiOHOBMNEHHSI eHAOoTeni-
anbHOro rAiKoKanikcy Ta MKKNITUHHUX KOHTaKTIB, HOpMa-
nizauii MiKpOCyAMHHOT reMoaMHaMikK, agekBaTHOI niMdga-
TUYHOI eBakyauii. SAKWo Aaia Tpurepis MNOBTOPHOETHCS
un BigOyBa€eTbCS NOPYLLUEHHSA NMiMOBIATOKY, POPMYETHCS
heHoTUN «NerkoiHaykoBaHOro» abo 3aTsKHOro HabpsiKy.

Y3aranbHeHy cxeMy hopMyBaHHS! NloKarnbHOro Habpsiky
LKipn abo crm3oBux 0GOMOHOK NPeACTaBneHo Ha puc. 1.

transcytosis (Cav-1, dynamin-2) ferries albumin/proteins
across the endothelium [26].

Step 3. Microvascular hemodynamics and the
glycocalyx. In the acute phase, endothelial hydraulic
conductivity (1Lp) rises, the effective exchange area (1S)
expands (recruitment of additional microvessels), and
the reflection coefficient (| o) falls (proteins traverse more
readily). The Starling balance thus shifts toward filtration;
«reabsorption» in post-capillary venules is minimal,
and lymphatics assume the dominant role in fluid
removal [4, 5, 7, 24].

Step 4. Lymphatic drainage and resolution. Lymphatic
capillaries with «button» junctions readily admit
interstitial fluid; collecting lymphatics propel it via intrinsic
myogenic contractions, finely regulated by nitric oxide
and metabolites. Mechanosensitive channels (notably
TRPV4) and shear stress set contraction frequency
and strength [24, 31, 32, 33]. If lymphatic load exceeds
pump capacity or intrinsic dysfunction is present —
edema persists.

Step 5. Termination of edema. Resolution requires:
restoration of the endothelial glycocalyx and junctional
integrity, normalization of microvascular hemodynamics,
and adequate lymphatic evacuation. Recurrent triggers
or impaired lymph flow favor a phenotype of «easily
induced» or protracted edema.

The generalized scheme of the formation of local
edema of the skin or mucous membranes is presented
in Figure 1.

IicTaMiHeprigHmil IUIAX HaOpPAKY
(BHBLIbHEHHS MeJiaTOPiB OMACHCTIIX KIITHH)
Hystaminergic pathway
(releasing of mast cells mediators)

Bpaxnkinigoenii muiax HabpAKy (mozil, o npH3BoIATE

(increasing of production and slowing down degradation)

10 MiJIBHINEHHA KOHIIEHTpauii OpaaiKiHiHy)
Bradykinin-mediated pathway

N

i

3MiHH B eHIOTeil:
MapaKTiTIHHA IPOHHKHICTE, POPMYyBaHHA MIKeIiTeniaNlbHIIX IUIIH, BHTIK MAaKPOMOIEKY
Endothelial changes:
Paracellular permeability, intraepithelial gap formation, macromolecules leakage

L4

TlinpunIeHHs OPOHNKHOCTI cymuH, 3MiHn ETK
Increasing of vessels permeability, changes in EG

i

JlokaneHHIT HAOPAK MIKIPIH/CIN30BHX 000T0HOK
Localized skin/mucous edema

A

PospimenHs HaOpAKyY
Resolution of edema

Puc. 1. Y3aranbHeHa cxema po3BUTKY JTOKanibHOrO Habpsky
Fig. 1. General scheme of local edema development
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OBrOBOPEHHS

Mopin Ha rictamiHeprivHi (MacTouMTapHi, onocepenko-
BaHi MefiaTopaMu onacucTux KnitnH) Ta GpagukiHiH-ono-
cepenKkoBaHi Habpsikn KOPUCHWIA ANs KNiHIYHOT HaBsirawii
Tpurepis i BUOOPY LiNMbOBUX BTpyYaHb. 3 ypaxyBaHHsIM
CyYaCHUX AaHUX Y PYTUHHIN NpaKTULi, OKpiM CTaH4apTHO
BiJOMUX nigxoaiB Ao 360py aHaMHesy, AOUiNbHO goaat-
KOBO: 1) peTenbHO LykaTu 3B’A30K PO3BUTKY HabpsiKy
3 NPUINOMOM MiKiB, LLO YNOBIMNbHIOKTL Aerpaaadito bpagu-
KiHIHY; 2) y BUNnagkax nigo3pun Ha HenepeHoCuMIcTb ricTa-
MiHy — OUjiHIOBaTV He Nnuiie CUMMTOMMU, ane n AieTu4He
HaBaHTaXeHHS BiOreHHMMU amiHaMy Ta BXWBaHHS ricTa-
MiHOniGepaTopiB, a TakoX NikapCcbknx 3acobi., L0 cnpu-
YMHAKTL AediunT giamiHookeuaasm [2, 18, 19]; 3) Bpaxo-
BYBaTW BHECOK NiMAaTUYHOI MOMAM W MIKPOCYAUHHOT
remoauHaMiku B nepcucteHuii Habpsiky [24, 31, 32, 33].

CtaH eHpoTenianbHoro 6Gap’epy  BM3HaYaeTbCs
TOHKMM GanaHcom ocdopunioBaHHs VE-kagrepuHy,
opraHocneLm@ivyHo eKCrnpecielo  KnayauHy-5, akTue-
HICTIO KaBEONSAPHOI TPAHCUUTO3WN Ta LiMICHICTIO eHpoTe-
nianbHoro rnikokanikey [16, 17, 18, 26, 30, 32]. Y roctpin
dasi ui naHku 3cyBatoTb piBHSAHHA CTapniHra y 6ik dinb-
Tpauii; WBMAKICTb pesontoLii Hagani 3anexuTs Big nimdga-
TUYHOro BIATOKY. Lle nosicHioe, YoMy ofgHa 1 Ta cama
KOHLeHTpaLis rictamiHy abo OpaaukiHiHy MoOXe gaBaTtu
Pi3HY KMiHIYHY BUPaXeHICTb Ta iIHTEHCUBHICTb NOKarnbHOro
HabpsKy 3anexHo Bif NOKaNbHOT MEXaHik1 TKaHWH, CTaHy
eHpoTenianbHOro rnikokanikey i nimgoapeHaxy.

lMpakmuyHi pekomeHOauii Ons KniHiyucma:

1. MNpunyweHHa npo eTionatoreHe3 Habpsky. AKLLO
HabpsKk pO3BMBAETLCS LUBUOKO | CYNpPOBOOXKYETHCS
PO3BMTKOM KPOMWB'SHKW, TO BIipOrifgHO, Lie ricTamiHep-
rYHnin  Habpsak. FAKWOo noyatok HabpsKy MOBINbHUN
(mekinbka gHiB), 6€3 KPONWB’AHKK, @ PO3PILLEHHSA NpoLecy
3aTAryeTbCs, TO BiporigHO Habpsik Mae GpaaukiHIHOBWIA
MeXaHi3M.

2. AHamHe3 nauieHTa — OLuiHKa BMMBY TpuUrepis.
HeobxigHO OUiHWTM BNNUB anepereHiB, MeauKaMeHTIB
(IAM®, iHribiTopy HenpuniavHy, AMNenTUAnNNenTMaasu,
hibpuHoniTukK, ectporenun), iHdekuii, disnyHi Tpurepw,
LiETUYHI hakTopu (BUCOKOBIOreHHi NpoayKTU, ankorosnb),
npuiom rictamiHoni6epartopis, oTpyTW/yKyC.

3. OuiHnTn yvacoBi 3B'A3KN. AKWO HabpsK BUHMK
NPOTArOM XBUITMH—TOAMH MiCNs1 eKcnoawuii Aii NPUYMHHOIO
dakTopa, TO BipOrigHO BiH Mae MaCTOLIMTAPHE NMOXOMKEHHS.
AKWwo po3BUTOK HabpsKy BiATEPMIHOBaHWWA i TpuBanuw,
TO BiporigHO BiH € GpaaukiHiH-onocepeaKoBaHMM.

4. Mogudikauia pnsuky ansa nauieHta 3 MegukameH-
TO3HO-0MocepeaKkoBaHNMy GpagnkiHiHOBUMYK Habpsikamu.
Mpw nigo3pi Ha KiHIHOBWIA MexaHiam ckacyBaTu iAMP; npu
nepexopi Ha cakybiTpun/BancaptaH ButpumaTtn 236 rog
«BiAMUBKMY.  YHUKaTh  kombGiHauin  IAM®+iHribiTopu
HenpunisuHy Ta iIAM®+iHribiTopu gunenTuaunnenTuaasu.

5. MNpn HenepeHOCMMOCTi ricTamMiHy — AieTUYHa
Kopekuia. TumyacoBa HM3bKOAMIHOBA [fi€Ta 3 BUKIIO-
YeHHsIM ricTamiHonibepaTopiB Ta NPOAYKTIB 3 BUCOKUM
BMICTOM TiCTamiHy; nepernsg npenaparis, WO MPUrHi-
Yyl0Tb iaMiHOOKCKAA3y; OLiHKa CUMMTOMIB Y AMHAMIL.

6. [JokymeHTyBaHHA Ta oOcBiTa nauieHta. [yxe
BaXNMBUM € ikCcyBaTW TpUrepu, Yyac 40 novaTky Cumn-
TOMIB, TPUBANICTb HAOPsIKyY, BiANOBiAb Ha Nikapcbki 3acobu;

DISCUSSION

Dividing localized edema into histaminergic (mast cell-
mediated) and bradykinin-mediated forms is useful for
navigating triggers and selecting targeted interventions.
In routine practice, beyond standard history-taking, it is
reasonable to additionally: (1) carefully seek any link
between edema episodes and use of drugs that slow
bradykinin degradation; (2) in suspected histamine
intolerance, assess not only symptoms but also dietary
biogenic-amine load, intake of histamine-liberating foods,
and medications that reduce diamine oxidase (DAO)
activity [2, 18, 19]; (3) consider the contribution of the
lymphatic pump and microvascular hemodynamics
to edema persistence [24, 31, 32, 33].

The state of the endothelial barrier is governed
by a fine balance among VE-cadherin phosphorylation,
organ-specific expression of claudin-5, the activity
of caveolar transcytosis, and the integrity of the
endothelial glycocalyx [16, 17, 18, 26, 30, 32]. In the
acute phase, these factors shift the Starling equation
toward filtration; subsequently, the rate of resolution
depends on lymphatic outflow. This explains why the
same concentration of histamine or bradykinin can yield
different clinical severity and intensity of localized edema
depending on local tissue mechanics, the glycocalyx
state, and lymphatic drainage.

Practical recommendations for the clinicians:

1. Working etiopathogenetic hypothesis. Rapid-
onset edema accompanied by urticaria is most likely
histaminergic. A slowly developing edema (hours—days)
without urticaria and with protracted resolution is more
suggestive of a bradykinin-mediated mechanism.

2. History — assessment of trigger exposure.
Evaluate allergens; medications (ACE inhibitors,
neprilysin inhibitors/ARNI, DPP-4 inhibitors, fibrinolytics,
estrogens); infections; physical triggers; dietary factors
(biogenic-amine—-rich foods, alcohol); intake of histamine-
liberating foods; venoms/stings.

3. Temporal relationships. Onset within minutes—
hours after exposure points to a mast cell-mediated
origin; delayed and prolonged onset suggests bradykinin-
mediated edema.

4. Risk modification in suspected drug-mediated
bradykinin edema. Discontinue ACE inhibitors; when
switching to sacubitril/valsartan, observe a =36-hour
washout. Avoid combinations ACE inhibitor + neprilysin
inhibitor and ACE inhibitor + DPP-4 inhibitor.

5. Histamine intolerance — dietary management.
A temporary low-amine diet with exclusion of histamine-
liberating foods and products high in histamine; review
drugs that inhibit DAO; monitor symptom dynamics.

6. Documentation and patient education. Record
triggers, latency to onset, edema duration, and response
to medications; explain the likely cause of edema and
the importance of adherence; provide written advice
on avoiding identified triggers.

7. Indications for in-depth work-up/referral. Recurrent
edema without urticaria, laryngeal/gastrointestinal
involvement, or lack of response to antihistamines/
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pPEKOMEHA0BAHO PO3'ACHUTU MauieHTy NPUYMHY HabpsKy
i BAXXNMBICTb BUKOHAHHSI peKoMeHaaLin, HagaTn NMCbMOBI
nopaau Lwoao YHUKHEHHS BCTAHOBMEHMX TPUTEpIB.

7. BusHauMtn  nokasaHHA o normmbneHoro
obcTexeHHs/HanpaBneHHsa. PeuvauBHi  Habpskn  6es
KPOMMWB'AHKM, YpPaXKeHHsI rOpTaHi/KMLWKKW, BIACYTHICTb

BiONOBIAI Ha aHTUriCTaMiHHI Ta [NIOKOKOPTMKOIAN —
nigctaBa ans  audepeHuiauii  6paavkiHiHOBUX  dopm
(3okpema nigo3pa Ha cnagkoBu\HAOYTWI  aHrioHa-
OpsiK) 3a okpemyMu npoTokonamu. PeunamBHi Habpsiku
3 KPOMMB'STHKOK NOTPeOYOTh BUKITHOYEHHST BNIMBY anep-
reHiB, nikapcbkuMx 3acobiB, MOLUYKY ayTOiMyHHUX abo
iH(beKUiHNX 3axBOpIOBaHb.

BUCHOBKHU

JlokanbHi Habpsakn wWkipy — pes3ynsTaTt NiABULLEHHS
MIKPOCYOMHHOI MPOHUKHOCTI y Mexax [OBox 6a3oBux
naToreHeTUYHNX Moaenen (macrtountapHuin Ta Gpaguki-
HiH-iHOyKOBaHWUI Habpsik). Po3ymiHHA Tpurepis, kackagis
MefiaTopiB Ta iX BMMAMBY Ha NapamMeTpu CyAUHHOI MPOHUK-
HOCTi BW3Ha4yae noriky [iarHOCTUKM Ta ManbyTHLOT
TapreTHoi Tepanii. CyyacHe pO3yMiHHS MPUYUH i Mexa-
Hi3MiB PO3BUTKY NOKanbHUX HAOPSKIB LUKIpU Ta CM30BKX
0BO0NOHOK I'PYHTYETBCSA HAa NOEAHAHHI KNaCUYHUX YABIEHb
i HOBMX 3HaHb MpO pofb eHgoTenianbHoro 6Gap’epy
Ta MefiaTopHux Wwnsxis. NoganbLui 4OCNIAXKEHHS MaloTb
OyTu cnpsiMoBaHi Ha Banigauito Giomapkepis, WO A03BO-
naTb gudepeHuitoBatn TMN HaAbpsKy Ha paHHiX eTanax,
a TaKOX Ha MoLLYK HOBUX TapreTHux Tepanin [1-33].
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glucocorticoids warrants evaluation for bradykinin-
mediated forms (including hereditary/acquired
angioedema) per dedicated protocols. Recurrent

edema with urticaria requires assessment for allergens,
culprit drugs, and underlying autoimmune or infectious
diseases.

CONCLUSIONS

Localized skin edema results from increased
microvascular permeability within two fundamental
pathogenic models: mast cell-mediated and bradykinin-
mediated edema. Understanding triggers, mediator
cascades, and their effects on vascular-barrier parameters
shapes the logic of diagnosis and future targeted therapy.
Contemporary insight into the causes and mechanisms
of localized edema of the skin and mucosa blends
classical concepts with emerging knowledge about
the endothelial barrier and mediator pathways. Further
research should prioritize validation of biomarkers
enabling early differentiation of edema types and the
development of new targeted treatments [1-33].

REFERENCES

1. Zuberbier T, Abdul Latiff AH, Abuzakouk M, Aquilina S, Asero R,
Baker D, et al. The international EAACI/GA2LEN/EuroGuiDerm/
APAAACI guideline for urticaria. Allergy. 2022;77(3):734-766. DOI:
https://doi.org/10.1111/all.15090

2. Comas-Bast¢é O, Sanchez-Pérez S, Veciana-Nogués MT,
Latorre-Moratalla ML, Vidal-Carou MDC. Histamine intolerance:
The current state of the art. Nutrients. 2020;12(7):2183. DOI:
https://doi.org/10.3390/biom10081181

3. Maurer M, Magerl M, Betschel S, Aberer W, Ansotegui IJ,
Aygoren-Pirsin - E, et al. The international WAO/EAACI
guideline for the management of hereditary angioedema -
2021 revision and update. Allergy. 2022;77(7):1961-1990. DOI:
https://doi.org/10.1111/all.15214

4. Richter RP, Payne GA, Ambalavanan N, Gaggar A, Richter JR.
The endothelial glycocalyx in critical illness. Matrix biology Plus.
2022;14:1-21. DOI: 10.1016/j.mbplus.2022.100106

5. Dull RO, Hahn RG. The glycocalyx as a permeability barrier: basic
science and clinical evidence. Critical Care. 2022;26:273. DOI:
https://doi.org/10.1186/s13054-022-04154-2

6. Ministry of Health of Ukraine. Standards of
care «Hereditary angioedema» (Order No. 159, 26 Jan
2023) [Internet].  Kyiv:  MoH; 2023. Available from:
https://www.dec.gov.ua/mtd/spadkovyj-angionevrotychnyj-nabryak/
(cited 2025 Nov 10). (in Ukrainian)

7. Woodcock TE, Woodcock TM. Revised Starling equation
and the glycocalyx model of transvascular fluid exchange.
British  Journal of Anaesthesia. 2012;108(3):384-394. DOI:
https://doi.org/10.1093/bja/aer515

8. Hrubisko M, Danila O, Banovéinova L, Wawruch M. Histamine
Intolerance — The More We Know the Less We Know. Nutrients.
2021;13(7):2228. DOI: https://doi.org/10.3390/nu13072228

9. Chompunud Na Ayudhya C, Ali H. Mas-Related G Protein—Coupled
Receptor-X2 and Its Role in Non-immunoglobulin E-Mediated Drug
Hypersensitivity. Immunology and Allergy Clinics of North America.
2022;42(2):269 0150284. DOI: https://doi.org/10.1016/j.iac.2021.12.003

10. Cassano N, Nettis E, Di Leo E, Ambrogio F, Vena G.A, Foti C.
Angioedema associated with dipeptidyl peptidase-IV
inhibitors.  Clinical and Molecular Allergy. 2021;19:9. DOI:
https://doi.org/10.1186/s12948-021-00164-7

medical

Ornspg nitepatypu

1095

Literature review


https://doi.org/10.1111/all.15090
https://doi.org/10.3390/biom10081181
https://doi.org/10.1111/all.15214
https://doi.org/10.1016/j.mbplus.2022.100106
https://doi.org/10.1186/s13054-022-04154-2
https://www.dec.gov.ua/mtd/spadkovyj-angionevrotychnyj-nabryak/?utm_source=chatgpt.com
https://doi.org/10.1093/bja/aer515
https://doi.org/10.3390/nu13072228
https://doi.org/10.1016/j.iac.2021.12.003
https://doi.org/10.1186/s12948-021-00164-7
https://doi.org/10.1111/all.15090
https://doi.org/10.3390/biom10081181
https://doi.org/10.1111/all.15214
https://doi.org/10.1016/j.mbplus.2022.100106
https://doi.org/10.1186/s13054-022-04154-2
https://www.dec.gov.ua/mtd/spadkovyj-angionevrotychnyj-nabryak/?utm_source=chatgpt.com
https://doi.org/10.1093/bja/aer515
https://doi.org/10.3390/nu13072228
https://doi.org/10.1016/j.iac.2021.12.003
https://doi.org/10.1186/s12948-021-00164-7

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.
Cepis Meguumna. 2025. T. 33 Ne 6(57). C. 1084-1100
The Journal of V.N. Karazin Kharkiv National University.

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

Series Medicine. 2025;33(6(57)):1084-1100

11. U.S. Food and Drug Administration. ENTRESTO® (sacubitril/ 11. U.S. Food and Drug Administration. ENTRESTO® (sacubitril/
valsartan). Prescribing Information. Silver Spring. 2024. URL: valsartan). Prescribing Information. Silver Spring. 2024. URL:
https://surl.lu/mwieez https://surl.lu/mwieez

12. Singh B., Cusick A.S., Goyal A., Patel P. ACE Inhibitors. StatPearls 12. Singh B, Cusick AS, Goyal A, Patel P. ACE Inhibitors. StatPearls
Publishing. 2025. URL: https://surl.litwveyz Publishing. 2025. URL: https://surl.litwveyz

13. Tolu-Akinnawo O., Ogwu O.l., Nnamani |., Talabi T. Ipsilateral 13. Tolu-Akinnawo O, Ogwu Ol, Nnamani |, Talabi T. Ipsilateral Orolingual
orolingual angioedema following alteplase administration for the Angioedema Following Alteplase Administration for the Treatment
treatment of suspected acute ischemic stroke. Cureus. 2023. Vol. 15, of Suspected Acute Ischemic Stroke. Cureus. 2023;15(5):e38714.
Ne 5. P. €38714. DOI: https://doi.org/10.7759/cureus.38714 DOI: https://doi.org/10.7759/cureus.38714

14. Landry L., Witten T., Anwar A.l, Jackson C.N., Talbot N.C., 14. Landry L, Witten T, Anwar Al, Jackson CN, Talbot NC,
Ahmadzadeh S., et al. Angiotensin-Converting Enzyme Inhibitors Ahmadzadeh S, et al. Angiotensin-Converting Enzyme Inhibitors
and Other Medications Associated With Angioedema. Cureus. 2023. and Other Medications Associated With Angioedema. Cureus.
Vol. 15, Ne 11. P. e49306. DOI: https://doi.org/10.7759/cureus.49306 2023;15(11):e49306. DOI: https://doi.org/10.7759/cureus.49306

15. West P.W., Chéret J., Bahri R., Kiss O., Wu Z., Macphee C.H., 15. West PW, Chéret J, Bahri R, Kiss O, Wu Z, Macphee CH.,
et al. The MRGPRX2-Substance P pathway regulates mast et al. The MRGPRX2-Substance P pathway regulates
cell migration. iScience. 2024. Vol. 27, Ne 10. P. 110984. DOI: mast cell migration. iScience. 2024;27(10):110984. DOI:
https://doi.org/10.1016/j.isci.2024.110984 https://doi.org/10.1016/j.isci.2024.110984

16. Castells M., Madden M., Oskeritzian C.A. Mast cells and 16. Castells M, Madden M, Oskeritzian CA. Mast cells and
MRGPRX2: pathophysiology and clinical relevance. Current MRGPRX2: pathophysiology and clinical relevance.
Allergy and Asthma Reports. 2025. Vol. 25. P. 5. DOL Current  Allergy and Asthma Reports. 2025;25:5. DOIL:
https://doi.org/10.1007/s11882-024-01183-5 https://doi.org/10.1007/s11882-024-01183-5

17. Macphee C.H., Dong X., Peng Q., Paone D.V., Skov P.S, 17. Macphee CH, Dong X, Peng Q, Paone DV, Skov PS,
Baumann K., et al. Pharmacological blockade of the mast cell Baumann K, et al. Pharmacological blockade of the mast cell
MRGPRX2 receptor supports investigation of its relevance in skin MRGPRX2 receptor supports investigation of its relevance in skin
disorders. Frontiers in Immunology. 2024. Vol. 15. P. 1433982. DOI: disorders. Frontiers in Immunology. 2024;15:1433982. DOI:
https://doi.org/10.3389/fimmu.2024.1433982 https://doi.org/10.3389/fimmu.2024.1433982

18. Saha Turna N., Chung R., McIntyre L. A review of biogenic amines 18. Saha Turna N, Chung R, Mclintyre L. A review of biogenic amines
in fermented foods: occurrence and health effects. Heliyon. 2024. Vol. 10, in fermented foods: occurrence and health effects. Heliyon.
Ne 2. P. €24501. DOI: https://doi.org/10.1016/j.heliyon.2024.e24501 2024;10(2):€24501. DOI: https://doi.org/10.1016/j.heliyon.2024.e24501

19. Jackson K., Busse W., Galvez-Martin P., Terradillos A., Martinez- 19. Jackson K, Busse W, Galvez-Martin P, Terradillos A, Martinez-
Puig D. Evidence for dietary management of histamine intolerance. Puig D. Evidence for dietary management of histamine intolerance.
International Journal of Molecular Sciences. 2025. Vol. 26. Ne 18. International Journal of Molecular Sciences. 2025;26(18):9198. DOI:
P. 9198. DOI: https://doi.org/10.3390/jms26189198 https://doi.org/10.3390/ijms26189198

20. LiraA.L,LiuT.,AslanJ.E.,PuyC., McCarty O.J.T. Lipopolysaccharide 20. Lira AL, Liu T, Aslan JE, Puy C, McCarty OJT. Lipopolysaccharide
supramolecular organization regulates activation of coagulation supramolecular organization regulates activation of coagulation factor
factor XII. Biochimica et Biophysica Acta (BBA). 2025. Vol. 1867, XIl. Biochimica et Biophysica Acta (BBA). 2025;1867(3):184415.
Ne 3. P. 184415. DOI: https://doi.org/10.1016/j.bbamem.2025.184415 DOI: https://doi.org/10.1016/j.bbamem.2025.184415

21. Eworuke E., Welch E. C., Haug N., Horgan C., Lee H. S, 21. Eworuke E, Welch EC, Haug N, Horgan C, Lee HS, Zhao Y,
Zhao Y., Ting-Ying. Comparative risk of angioedema among Ting-Ying. Comparative risk of  angioedema among
sacubitril/valsartan vs ACE inhibitors. Journal of the American sacubitril/valsartan vs  ACE inhibitors. Journal of the
College of Cardiology. 2023. Vol. 81. Ne. 4. P. 379-391. DOI: American College of Cardiology. 2023;81(4):379-391. DOI:
https://doi.org/10.1016/j.jacc.2022.10.033 https://doi.org/10.1016/j.jacc.2022.10.033

22. Rubin S., Scirica B.M. Prediction and prevention of ACEIl-induced 22. Rubin S, Scirica BM. Prediction and prevention of ACE inhibitor-
angioedema. Hypertension Research. 2024. Vol. 47. P. 1042-1052. induced angioedema. Hypertension Research. 2024;47:1042—1052.
DOI: https://doi.org/10.1038/s41440-023-01491-9 DOI: https://doi.org/10.1038/s41440-023-01491-9

23. Pathak G.N., Truong T.M., Chakraborty A., Rao B., Monteleone C. 23. Pathak GN, Truong TM, Chakraborty A, Rao B, Monteleone C.
Tranexamic acid for angiotensin-converting enzyme inhibitor-induced Tranexamic acid for angiotensin-converting enzyme inhibitor-induced
angioedema. Clinical and Experimental Emergency Medicine. 2024. angioedema. Clinical and Experimental Emergency Medicine.
Vol. 11, Ne 1. P. 94-99. DOI: https://doi.org/10.15441/ceem.23.051 2024;11(1):94-99. DOI: https://doi.org/10.15441/ceem.23.051

24. Breslin J.W. Edema and lymphatic clearance: molecular mechanisms 24. Breslin JW. Edema and lymphatic clearance: molecular mechanisms
and ongoing challenges. Clinical Science. 2023. Vol. 137, Ne 18. and ongoing challenges. Clinical Science. 2023;137(18):1451-1476.
P. 1451-1476. DOI: https://doi.org/10.1042/CS20220314 DOI: https://doi.org/10.1042/CS20220314

25. Bekassy Z., Lopatko Fagerstrom I., Bader M., Karpman D. Crosstalk 25. Bekassy Z, Lopatko Fagerstrom |, Bader M, Karpman D. Crosstalk
between the renin-angiotensin, complement and kallikrein—kinin between the renin-angiotensin, complement and kallikrein—kinin
systems. Nature Reviews Immunology. 2022. Vol. 22, Ne 4. systems. Nature Reviews Immunology. 2022;22(4):235-249. DOI:
P. 235-249. DOI: https://doi.org/10.1038/s41577-021-00634-8 https://doi.org/10.1038/s41577-021-00634-8

26. Wakasugi R., Suzuki K., Kaneko-Kawano T. Molecular mechanisms 26. Wakasugi R, Suzuki K, Kaneko-Kawano T. Molecular mechanisms
regulating vascular endothelial permeability. International Journal regulating  vascular  endothelial  permeability.  International
of Molecular Sciences. 2024. Vol 25, Ne 12. P. 6415. DOI: Journal  of Molecular  Sciences. 2024;25(12):6415. DOI:
https://doi.org/10.3390/ijms25126415 https://doi.org/10.3390/ijms25126415

27. Sjoberg E., Melssen M., Richards M., Ding Y., Chanoca C., Chen 27. Sjoberg E, Melssen M, Richards M, Ding Y, Chanoca C,
D., et al. Endothelial VEGFR2-PLCy signaling regulates vascular Chen D, et al. Endothelial VEGFR2-PLCy signaling regulates
permeability and antitumor immunity through eNOS/Src. Journal vascular permeability and antitumor immunity through eNOS/
of Clinical Investigation. 2023. Vol. 133, Ne 20. P. e161366. DOI: Src. Journal of Clinical Investigation 2023;133(20):e161366. DOI:
https://doi.org/10.1172/JCI161366 https://doi.org/10.1172/JCI161366

28. Jin Y., Ding Y., Richards M., Kaakinen M., Giese W., Baumann E., 28. JinY, Ding Y, Richards M, Kaakinen M, Giese W, Baumann E, et al.
et al. Tyrosine-protein kinase Yes controls endothelial junctional Tyrosine-protein kinase Yes controls endothelial junctional plasticity
plasticity by regulating VE-cadherin phosphorylation and endocytosis. by regulating VE-cadherin phosphorylation and endocytosis.
Nature Cardiovascular Research. 2022. Vol. 1. P. 1030-1045. DOI: Nature Cardiovascular Research. 2022;1:1030-1045. DOI:
https://doi.org/10.1038/s44161-022-00172-z https://doi.org/10.1038/s44161-022-00172-z

29. NanW.,DengH.,DuZ., Zhang Y. Molecular mechanism of VE-cadherin 29. NanW, Deng H, Du Z, Zhang Y. Molecular mechanism of VE-cadherin
in regulating endothelial barrier function. Frontiers in Physiology. 2023. in regulating endothelial barrier function. Frontiers in Physiology..
Vol. 14. P. 1234104. DOI: https://doi.org/10.3389/fphys.2023.1234104 2023;14:1234104. DOI: https://doi.org/10.3389/fphys.2023.1234104

30. Richards M., Nwadozi E., Pal S., Martinsson P., Kaakinen M., 30. Richards M, Nwadozi E. Pal S, Martinsson P, Kaakinen M, Gloger
Gloger M., et al. Claudin-5 protects the peripheral endothelial barrier M, et al. Claudin-5 protects the peripheral endothelial barrier in an
in an organ- and vessel-type-specific manner. eLife. 2022. Vol. 11. organ- and vessel-type-specific manner. eLife. 2022;11:€78517. DOI:
P. e78517. DOI: https://doi.org/10.7554/eLife.78517 https://doi.org/10.7554/eLife.78517

31. Ohhashi T., Kawai Y., Maejima D., Hayashi M., Watanabe-Asaka T. 31. Ohhashi T, Kawai Y, Maejima D, Hayashi M, Watanabe-Asaka T.
Physiological Roles of Lymph Flow-Mediated Nitric Oxide Physiological Roles of Lymph Flow-Mediated Nitric Oxide in Lymphatic
in Lymphatic System. Lymphatic Research and Biology. 2023. System. Lymphatic Research and Biology. 2023;21(3):253-261. DOI:
Vol. 21, Ne 3. P. 253-261. DOI: https://doi.org/10.1089/Irb.2022.0072 https://doi.org/10.1089/Irb.2022.0072

Ornsp nitepatypu 1096 Literature review


https://surl.lu/mwieez
https://surl.li/twveyz
https://doi.org/10.7759/cureus.38714
https://doi.org/10.7759/cureus.49306
https://doi.org/10.1016/j.isci.2024.110984
https://doi.org/10.1007/s11882-024-01183-5
https://doi.org/10.3389/fimmu.2024.1433982
https://doi.org/10.1016/j.heliyon.2024.e24501
https://doi.org/10.3390/ijms26189198
https://doi.org/10.1016/j.bbamem.2025.184415
https://doi.org/10.1016/j.jacc.2022.10.033
https://doi.org/10.1038/s41440-023-01491-9
https://doi.org/10.15441/ceem.23.051
https://doi.org/10.1042/CS20220314
https://doi.org/10.1038/s41577-021-00634-8
https://doi.org/10.3390/ijms25126415
https://doi.org/10.1172/JCI161366
https://doi.org/10.1038/s44161-022-00172-z
https://doi.org/10.3389/fphys.2023.1234104
https://doi.org/10.7554/eLife.78517
https://doi.org/10.1089/lrb.2022.0072
https://surl.lu/mwieez
https://surl.li/twveyz
https://doi.org/10.7759/cureus.38714
https://doi.org/10.7759/cureus.49306
https://doi.org/10.1016/j.isci.2024.110984
https://doi.org/10.1007/s11882-024-01183-5
https://doi.org/10.3389/fimmu.2024.1433982
https://doi.org/10.1016/j.heliyon.2024.e24501
https://doi.org/10.3390/ijms26189198
https://doi.org/10.1016/j.bbamem.2025.184415
https://doi.org/10.1016/j.jacc.2022.10.033
https://doi.org/10.1038/s41440-023-01491-9
https://doi.org/10.15441/ceem.23.051
https://doi.org/10.1042/CS20220314
https://doi.org/10.1038/s41577-021-00634-8
https://doi.org/10.3390/ijms25126415
https://doi.org/10.1172/JCI161366
https://doi.org/10.1038/s44161-022-00172-z
https://doi.org/10.3389/fphys.2023.1234104
https://doi.org/10.7554/eLife.78517
https://doi.org/10.1089/lrb.2022.0072

BicHuKk XapkiBCbKOro HaLjioHanbLHOro yHiBepcuteTy iMeHi B.H. KapasiHa.

Cepis Meguumna. 2025. T. 33 Ne 6(57). C. 1084-1100
The Journal of V.N. Karazin Kharkiv National University.
Series Medicine. 2025;33(6(57)):1084-1100

ISSN 2313-2396 (Online)
ISSN 2313-6693 (Print)

32. Lampejo A.O., Jo M., Murfee W.L., Breslin J.W. The microvascular-
lymphaticinterface and tissue homeostasis. Journal of Vascular Research.
2022. Vol. 59. P. 1-16. DOI: https://doi.org/10.1159/000525787

33. SchulzM.E.,AkerstromV.L.,SongK.,BroyhillS.E.,LiM.,LambertM.D.,
et al. Regulation of collecting Iymphatic vessel contractile
function by TRPV4 channels. Arteriosclerosis, Thrombosis,
and Vascular Biology. 2025. Vol. 45. P. e412-e436. DOI:
https://doi.org/10.1161/ATVBAHA.124.322100

OBMEXEHHA AOCAIAXKEHHSA

ABTOpY pyKOMMCy CBIAOMO 3aCBiAYYHOTh, LLO OOMEXEHHS LibOoro
ornsily 3yMOBIEHi sik nornepeaHb0 OKPECNEHMIN paMKaMu TeMa-
TUKK, YacoBux nepiogiB (2020-2025 pp.) i TMniB goCnigXeHb,
TaK i goctynHicTio mxepen. [lowykoBa cTparteria oxonnoBana
PubMed/MEDLINE, Scopus, Web of Science, Google Scholar
Ta yKpaiHCbKi (haxoBi XypHanu i3 BU3Ha4eHMU fatamu iHaekcaldlii.
Bkntoveni pobotu Bigpi3HANUCa 3a AU3aliHOM i METOQOIONYHO
SKICTIO; AN opuriHanbHUX AOCAIAKeHb MU diKCyBanu MiHiManbHi
iHOVKaTopu: AM3aiH, po3Mip BMBipKM, Habip/cninyBaHHA/KOHTPOIb
KOH(payHAepiB, NOBHOTA 3BIiTHOCTI. Y YaCTUHU LOCHIIKEHb PUSUK
ynepeneHocTi 6yB nigBULLEHNM, a MixXOoCNiAHNULbKa Bapiabernb-
HICTb MOKa3HWKIB 3anuLuanacs iCTOTHOMO, LU0 3HUXKYE BHYTPILLHIO
BanigHICTb CyKYMHMX OUIHOK i OBMeXye y3aranbHIOBaHICTb
BMCHOBKIB Ha iHWI nonynauii Ta KniHivHi KoHTekcTwu. Lle Hapa-
TUBHWUM OMSA 3a OCTaHHI 5 pokKiB i, MOMPU CUCTEMHUN MOLLYK,
iMOBIpPHI nybnikauiiHa ynepemXeHiCTb i HeAOCTYMHICTb YacTUHU
NOBHMX TEKCTIB; AesKi Knacu4Hi fxepena € ctaplummm 3a 5 pokis
i Bynu uMTOBaHI AN KOHTEKCTY (MoandikoBaHWin CTapniHr).
[eTeporeHHicTb i aHamia 4JytnueocTi. HawyacTiwi 6ap’epu
ONs y3aranbHEHHs CTOCYBanuCs TakUX MOMEHTIB: KINiHIYHOT
reTeporeHHoCTi (heHOTUNIB (HasiBHICTL/BIACYTHICTE  ypTMKapil;
roctpi abo peuumavBHi €Mi3oAm); PiBHUX BU3HAYEHb «TiCTaMi-
HepriyHnn»/«MacToLmTapHUn»/«6paamnKiHiH-onocepeaKkoBaHUA»
y [DKepenax; BiAMIHHUX CyporaTtHMX MapKepiB MNPOHWUKHOCTI
(VE-cadherin/claudin-5, nokasHukn rnikokanikcy, TpaHCKIIi-
TUHHUI TPaHCMOPT); Bapiauil y AKOCTI AM3aniHy OpuriHanbHUX
pob6iT. dopmanbHUI MeTaaHania He NPOBOAMBCS, OAHaK
MW BUKOHanu YyTrnMBICHY NepeBipKy HapaTMBHOTO BUCHOBKY,
NMOBTOPHO 3BaXKMBLUM CUHTE3 i3 BUKMOYEHHAM poGIiT 3 niasu-
LLEEHUM PU3MKOM YNepemKeHOCTi (Manuii po3mip BUBIpKU/HeYiTK
KpuTepii). Hanpsamu Ta iHTepnpeTauis pesynsraTiB He 3MiHUnnCs,
O MiACUIIOE CTiINKICTb OCHOBHUX BUCHOBKIB.

MepcnekTMBU NOAQABLLUMX AOCAIAXEHD

AHaniza emionamozeHe3dy JIOKasibHUX Habpsikie wkipu
doseosisie 3pobumu resHi 8UCHOBKU W,000 repcrieKmus
nodinbwux Haykoaux AociOKeHb y maKux HanpsiMKax:

1. EHpoTenianbHuii rnikokanikc i 6ap’epHi koHTakTu. MoTpibHi
KNiHIYHI JocnigpkeHHs 3 BanigoBaHMMK Giomapkepamu YLUKO-
[PKeHHsA rnikokanikcy (Hanpuknag, syndecan-1, rianypoHaH)
Ta in vivo Bidyanisauieto, a TakoX TapreTHi cTparerii cTabinisauii
VE-cadherin/claudin-5 i 3MeHLLEHHSI KaBEONSAPHOT TPAHCLUTO3N.
2. TkaHuHHO-creundidyHa gerpagauisi  KiHiHiB.  [lopiBHAMbHI
po60oTu Woao BHecky iAMN®, HenpunisuHy, iHribiTopis gunentuan-
nnentuaasun-4, amiHonentuaasun Py wikipi/cnm3oBux; mopento-
BaHHSA «MepexpecHnX» cueHapiiB (iHribyBaHHSA Kinbkox nentnaas
O[HOYaCHO).

3. MRGPRX2-onocepegkoBaHa akTuBauis MacToLMTIB.
Po3pobka cenekTMBHUX aHTaroHicTiB/PyHKLiOHaNbHUX TecTiB
ans ctpatudikauii pusmnky nikapcbkux peakuin 6e3 yyacTi IgE.
4. NimpatnyHa nomna Ta MiKpOCyAMHHA MexaHika. Pornb
NO/TRPV4/3cyBHoi Hanpyrv y pesontoii HabpsKy; MOXIMBOCTI
HeMeAMKaMeHTO3HOI Mogynsuii  (Mo3uuioHyBaHHSA, FoKanbHa
KOMMpECis, TEpMiYHi CTUMyNM) SK Oo4aTok A0 EeTiOTPOMHUX
BTPYyYaHb.

5. lNictamiH B Xi Ta HenepeHocuMicTb rictamiHy. CtaHgapTu-
3aLisi MPOTOKOMIB OLIHKM Xap4yoBux GioreHHVX amiHiB (3okpema

32. Lampejo AO, Jo M, Murfee WL, Breslin JW. The microvascular-
lymphatic interface and tissue homeostasis. Journal of Vascular
Research. 2022;59:1-16. DOI: https://doi.org/10.1159/000525787

33. Schulz ME, Akerstrom VL, Song K, Broyhil SE, Li M,
Lambert MD, et al. Regulation of collecting lymphatic vessel
contractile function by TRPV4 channels. Arteriosclerosis,
Thrombosis, and Vascular Biology. 2025;45:e412-e436. DOI:
https://doi.org/10.1161/ATVBAHA.124.322100

Limitations of the study

The authors acknowledge that the limitations of this review stem
from the predefined scope of topics, time window (2020-2025),
study types, and source accessibility. The search strategy covered
PubMed/MEDLINE, Scopus, Web of Science, Google Scholar,
and Ukrainian specialty journals within specified indexing dates.
Included studies varied in design and methodological quality;
for original investigations we recorded minimal indicators—study
design, sample size, enroliment/blinding/control of confounders,
and completeness of reporting. In a subset of studies, the risk
of bias was elevated and between-study heterogeneity remained
substantial, which reduces the internal validity of aggregated
judgments and limits the generalizability of conclusions to other
populations and clinical contexts. This is a narrative review
restricted to the last five years and, despite a structured search,
publication bias and lack of access to some full texts are possible;
several classical sources older than five years were cited for
context (revised Starling principle).

Heterogeneity and sensitivity analysis. The main barriers
to synthesis concerned: clinical heterogeneity of phenotypes
(presence/absence of urticaria; acute vs recurrent episodes);
divergent  definitons  of  «histaminergic»/«mast  cell-
mediated»/«bradykinin-mediated» across sources; differing
surrogate markers of permeability (VE-cadherin/claudin-5,
glycocalyx indices, transcellular transport); and variation in the
methodological quality of original studies. A formal meta-analysis
was not undertaken; however, we performed a sensitivity
check of the narrative conclusions by re-weighing the synthesis
after excluding studies with higher risk of bias (small sample
size/unclear criteria). The direction and interpretation of results
did not change, supporting the robustness of the
main conclusions.

Prospects for further research

Research perspectives emerging from the etiopathogenetic
analysis of localized skin edema:

1. Endothelial glycocalyx and barrier junctions. Clinical studies
with validated biomarkers of glycocalyx injury (e.g., syndecan-1,
hyaluronan) and in-vivo imaging; targeted strategies to stabilize
VE-cadherin/claudin-5 and to reduce caveolar transcytosis.

2. Tissue-specific kinin degradation. Comparative work on the
contributions of ACE, neprilysin, DPP-4, aminopeptidase
P in skin/mucosa; modeling of «cross-inhibition» scenarios
(simultaneous inhibition of multiple peptidases).

3. MRGPRX2-mediated mast-cell activation. Development
of selective antagonists/functional assays to stratify risk
of IgE-independent drug reactions.

4. Lymphatic pump and microvascular mechanics. Roles of
NO/TRPV4/shear stress in edema resolution; opportunities for
non-pharmacologic modulation (positioning, local compression,
thermal stimuli) as adjuncts to etiology-directed care.

5. Dietary histamine and histamine intolerance. Standardization
of protocols for assessing dietary biogenic amines (including
serotonin, putrescine, cadaverine), the impact of histamine-
liberating foods, and interactions with DAO-inhibiting drugs.

6. Pharmacogenetics of angioedema. Identification of genetic
risk markers for drug-mediated edema and prospective validation
of clinical risk scores.
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CEpPOTOHiHY, MyTPUCLWHY, KagaBepuHy), BNAMBY «ricTamiHomnibe-
paTopiB», B3aEMOAiN 3 npenapaTtamu, WO MPUrHivyoTb diaMiHo-
okcuaasy.

6. dapmakoreHeTvka aHrioHabpsky. loeHTudikauisa reHeTu4HNX
MapkepiB  pu3uKy Npu  MeAUKaMEHTO3HO-ONocepeaKoBaHUX
Habpsikax Ta NPOCNeKTUBHA BanigaLis KniHiYHMX OLiHOK.

KoHAIKT iHTEepecis

Bci aBTOpM noganu o pepakuii 3anoBHeHy €auHy dopmy
PO3KPUTTS KOHpNIKTY iHTepeciB MixHapoaHOro KOMITeTy peaak-
TopiB MeguyHux xypHanis «ICMJE» (International Committee
of Medical Journal Editors). ABTopu pykonucy cBigoMo 3acBia-
YylOTb BIACYTHICTb (PaKTUYHOrO abo MOTEHUIHOro KOHNIKTY
iHTepeciB Woao pe3ynbTaTiB Liei poboTu 3 dapmaLeBTUHHUMU
KOMMaHisiM1, BUPOBHMKaMKU BioMeandHUX MPUCTPOIB, IHWKMMUK
opraHisauismu, 4ui NpoAyKTU, nocnyru, diHaHcoBa MiATPUMKa
MOXyTb ByTV noB’si3aHi 3 NpeaMeToM HafaHux maTepianis abo
AKi CNOHCcopyBanu NpoBeAeHi AOCHIKEHHS.

AOTpMMGHHﬂ €TUYHUX HOPM

ABTOpPU pyKOMUCy CBIJOMO 3acBiAyylOTb, LLO NIArOTOBKA PyKo-
nucy 3aificHIoBanachk BUKMIOYHO Ha OCHOBI BigKpUTO omny6ri-
KOBaHMX HayKoBUX Oxepen. Y pobOoTi He BMKOPMCTOBYBanuchb
nepcoHicdikoBaHi  AaHi  nauieHTiB, pesynstatv MNepBUHHUX
KNiHiYHMX ab0 OOKMIHIYHMX JocCnigXeHb. Y 3B’A3Ky 3 LM OTpu-
MaHHSl CXBareHHs KOMiICii 3 nuTaHb BiOEeTMKM He BMMaranoch.
[ocniopKeHHst BUKOHAHEe 3 AOTPUMAHHAM MPUHLMMIB HanexHoi
HayKOBOI MPaKkTWMKM Ta BIAMOBIOHO A0 MDKHAPOOHWUX ETUYHMX
CTaHgapTiB, 30kpema pekomMeHgauin KomiteTy 3 nybnikauinHoi
etukn «COPE» (Committee on Publication Ethics).

BUKOPUCTAHHS LUTYHHOrO iIHTEAEKTY

ABTOpPU pyKONUCY CBIAOMO 3aCBiAYYIOTb BUKOPUCTAHHS iHCTPY-
MEHTIB reHepaTUBHOrO LUTYYHOrO HTENEKTY Y NpoLeci NiAroTOBKN
Lboro pykonucy. BignosigHo o TakcoHOMiIi AeneryBaHHs 3aBAaHb
reHepaTnBHOMY LWTy4HOMY iHTenekTy «GAIDeT» (Generative
Atrtificial Intelligence Delegation Taxonomy), 2025 p.), 3a NOBHOro
NoACLKOro Harnsay 6yno AeneroBaHo 3aBAaHHS 3 BUMUTYBaHHS,
pedaryBaHHsi, Ta nepeknagy. Ons LbOro BMKOPUCTOBYBAaBCS
ChatGPT-5 (OpenAl, Bepcis Big yepsHs 2025 p.). MNicns 06pobku
NepBUHHOTO AOKYMEHTY OTpMMaHuii pykonuc OyB BigpedakTto-
BaHW aBTOpamMu BiANOBIAHO A0 iX MOrns4y Ha onucyBaHi nogii.
Yci pesynstaty, OTpUMaHi 3a AOMNOMOrOK iHCTPYMEHTIB reHepa-
TUBHOTO LUTYYHOTO iHTENekTy, Bynu peTensHO nepesipeHi, Biape-
[aroBaHi Ta 3aTBepKeHi aBTopamu, siki HeCyTb NOBHY Bi4NOBI-
OanbHICTb 3a 3MICT i BUCHOBKM ny6nikauii. XXogHi iHCTpyMeHTH
LUTYYHOrO HTENEeKTy He BUKOPUCTOBYBaNWUCb [Afs reHepadii
NEePBUHHNX AaHUX. [HCTPYMEHTU reHepaTUBHOrO LUTYYHOTO iHTe-
NEeKTy He 3a3HavaloTbCs AK aBTOPU Ta He HecyTb BiAMNoBiAanb-
HOCTI 3a KiHUeBi pe3ynbratu. Lis geknapauis He mowmploeTbes
Ha BMKOPWCTaHHS 6a30BUX IHCTPYMEHTIB NepeBipku rpamaTuiku,
opdporpadii Yn 0hopMIeHHs MocunaHb.

MepBUHHI AGHi Ta MmaTepiaAm

ABTOpU pyKOMMCY CBIAOMO 3acBiayytoTh, O NEPBMHHA MeanYHa
[oKymeHTauis (icTopii xBopobu, amOynaTopHi kapTku, MPOTOKONM
obcTexeHb, pesynbrat nabopaTopHMX Ta IHCTPyMEHTarbHUX
OOChifKeHb KOHKPETHMX MauieHTiB) Ta CTaTUCTUYHI 6a3n gaHnx
y poboTi He BMKOPUCTOBYBanucs. YCi TBEpPOXKEHHS Ta y3arasnb-
HEHHS1 MigKPINneHi NOCUNaHHSAMU Ha nepLuoaxepena, AOCTYMHi
y BigkpuToMy AocTtyni abo 4epes HaykoBi 6ibnioTeuHi pecypcu.
[opaTkoBi MaTepianu, WO CTOCYOTLCS NpoLecy Biabdopy mkepen
un getanisauii Metogonorii aHanidy, MoXyTb OyTn HagaHi aBTo-
POM-KOPECMNOHAEHTOM 3a O6r'pyHTOBaHMM 3anuMTOM.
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