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nEKapCTBEHHO-MHAyuMPOBaHHble KpanuBHULLa Updates
U aHrMOOTEK
N.1. Bopxesa, b.A. YepHsak

WpKyTcKas rocynapcTBeHHas MeULMHCKas akafieMusi nocneaunioMHoro obpasoanus — dunuan OTBOY A0 «Poccuitckas MeaMUMHCKas akafeMus
HenpepbIBHOrO NpodeccuoHanbHoro obpasosanusy», MpkyTek, Poccuitckas ®epepauus

AHHOTALMA

KpanuBHWLa 1 aHMMOOTEK OTHOCATCA K Hanbosee pacnpoCcTpaHEHHLIM NPOABIEHNAM JIeKapCTBEHHO MNepyyBCTBUTENBHOCTH
W BbI3bIBAIOTCA JIEKAPCTBEHHBIMM CPEACTBAaMM, Pa3NIMYalOLLMMUCA MO XMMUYECKOW NpUpoLe 1 MexaHuaMaM fenctams. OcHo-
BOJ NaToreHe3a JIeKapCTBEHHO-MHAYLIMPOBAHHbIX KPaNMBHULIbI U aHTMOOTEKA MOTYT BbITb KaK MMMYHOIOTMYECKMe, TaK U He-
UMMYHONOTMYECKMe peakumn. VIMMyHonordeckas (annepruyeckas) KpanuBHULIA M COYETAIOLLIMIACA C Hel0 aHrMOOTEK Yalle
BCEro passuBaloTcs B pe3ynbTarte IgE-onocpeaoBaHHbIX peaKumii. HeMMyHonornyeckas runepyyBcTBUTENIbHOCTL 06yC/oB-
NeHa NpAMbIM AeNCTBUEM NeKapCTBa-aroHNCTa Ha KIeTKU-MULLIEHN C NOC/EeAYIOLLMM BbICBODOXAEHMEM LUMPOKOrO CMeKTpa
Me1aTopoB U LMTOKWHOB BOCNANEHUs UK BIMSHUEM IEKapCTBEHHbIX CPeACTB Ha MeTabonnaM psaa bruonornyeckn aktme-
HbIX BELLECTB, CTUMYMMPYIOLLUMX KIETKM BOCManeHus. V1301MpoBaHHbIA aHMMOOTEK (He COMPOBOXAAMLMICSA KPanuBHULIEN)
MOXeT ObITb NPU3HAKOM JIEKapCTBEHHOW annepruu, Ho Yatue 06ycnoBieH pasnnyHbIMU HEMMMYHONOTUYECKUMU peaKLmMaMY,
TEM WM MHBIM MYTEM aKTUBUPYIOLLMMI MacToLmThl U 6asodunbl. [pyroi pacnpocTpaHEHHbIA BapUaHT NeKapCTBEHHOMO U30-
NMPOBAHHOr0 aHIMOOTEKA He CBA3aH C AerpaHynsuMeil KNeToK-MULLEHeN, a pa3BMBAeTCs MO WHbIM MeXxaHu3MaM, NpuBso-
AALNM K U3DBITOYHOMY HaKOMNeHWo 6pafvknHnHa. HakoHeL, HeKoTopble fleKapcTa MOryT ycyrybnsTb NaTonoruio cucTeMbl
KOMM/ieMeHTa Y 60MIbHbIX C HacneACTBEHHBIM MW NPUOBPETEHHBIM aHTMOOTEKOM.

B npenctaBneHHoOM NeKuMM C COBPEMEHHbIX MO3WLMIA paccMaTpuBalOTCA 3TUONOTUSA, NATOreHes3, KIMHWUYECKas KapTuHa,
AVarHoCTUKa, MPUHLMMBI Tepanun 1 npodmnakTUKa pasfinyHbIX BapUaHTOB NIeKApCTBEHHO-UHAYLMPOBAHHbIX KpanuBHUL
W @HrMOOTEKOB.

KnioueBble cnoBa: neKkapcTBeHHasi rMnepyyBCTBUTENbHOCTb; HEMMMYHONIOrMYECKas rUnepyyBCTBUTENBHOCTD; annepru-
yecKas KpanuBHULLA; TMCTAMUHOBbIN aHMMOOTEK; BpaAMKMHUHOBBIN aHTMOOTEK.
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Drug-induced urticaria and angioedema

Irina |. Vorzheva, Boris A. Chernyak

Irkutsk State Medical Academy of Postgraduate Education, Russian Medical Academy of Continuous Professional Education, Irkutsk, Russian Federation

ABSTRACT

Urticaria and angioedema are the most common manifestations of drug hypersensitivity and are caused by drugs that differ
in chemical nature and mechanisms of action. The pathogenesis of drug-induced urticaria and angioedema can be based on
immunological and non-immunological reactions. Immunological (allergic) urticaria and associated angioedema most often
develop due to immunoglobulin E-mediated reactions. Non-immunological hypersensitivity is caused by the direct action of an
agonist drug on target cells, followed by the release of a wide range of inflammatory mediators and cytokines, or the effect
of drugs on the metabolism of several biologically active substances that stimulate inflammatory cells. Isolated angioedema
(not accompanied by urticaria) may be a sign of drug allergy but is more often due to heterogeneous non-immunological reactions
that activate mastocytes and basophils in various ways. Another common variant of drug-induced isolated angioedema is not
associated with target cell degranulation but develops according to different mechanisms, leading to excessive bradykinin
accumulation. Finally, some drugs may exacerbate the pathology of the complement system in patients with hereditary or
acquired angioedema.

Here, the etiology, pathogenesis, clinical picture, diagnosis, principles of therapy, and prevention of heterogeneous variants of
drug-induced urticaria and angioedema are considered from modern positions.

Keywords: drug hypersensitivity; non-immunological hypersensitivity; allergic urticaria; histamine angioedema; bradykinin
angioedema.
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List of abbreviations

AE — angioedema

ACE — angiotensin converting enzyme

ASA — acetylsalicylic acid

ARB — angiotensin-II receptor blocker

GCS — glucocorticosteroids

ACEl — angiotensin converting enzyme inhibitors
ICCA — iodine-containing contrast agent

INTRODUCTION

The most common adverse drug reactions involving
the skin are urticaria and angioedema (AE) [1, 2], the
occurrence of which is linked to the provoking action of a
wide range of drugs. Despite the clinical similarity of different
pathogenetic variants of urticaria and AE, the mechanisms
of these reactions’ development are heterogeneous. The
heterogeneity of drug-induced urticaria and AE necessitates
distinct approaches to diagnosis and treatment.

Urticaria is a group of diseases characterized by the
development of itchy blisters and/or AE [3-5]. Histologically,
with blistering rashes, edema of the upper and middle
layers of the dermis and dilatation of postcapillary venules
and lymphatic vessels are described. A mixed perivascular
infiltrate of neutrophils or eosinophils, macrophages, and
T-cells is found in the affected skin, while the vascular wall
is unaffected.

Angioedema is manifested by edema of the skin,
subcutaneous tissue, and mucous membranes of various
organs and systems (respiratory, digestive, urinary, etc.).
Moreover, AE can occur alone or in conjunction with urticaria
(wheals) [3, 6, 71.

According to modern definitions, drug hypersensitivity
(DH) refers to reactions caused by a drug’s unintentional
and adverse stimulation of immune or inflammatory
cells [2]. To put it another way, DH is a phenomenon that
includes both drug-induced immunological responses (drug
allergy) and non-immunological inflammatory reactions
(outdated synonym is “pseudo-allergy”). Allergies are caused
by processes initiated by specific antibodies or hyperactivation
of the immune system’s T-cell link. Non-immunological
or non-allergic hypersensitivity results from an agonist’s
direct action on target cells, followed by the release of
inflammatory mediators and cytokines, or from the effect of
drugs on the metabolism of a number of bioactive substances
that stimulate inflammatory cells. P. Gell and R. Coombs,
who identified four types of reactions, developed the most
commonly used allergy classification in clinical practice back
in 1968. The first three (I, II, Ill) types of allergic reactions
are humoral and mediated by antibodies, while the fourth is
due to delayed-type hypersensitivity. According to this theory,

DOl https://doi.org/10.36691/RJATS57

DH — drug hypersensitivity

HAE — hereditary angioedema

NSAIDs — nonsteroidal anti-inflammatory drugs
AAE — acquired angioedema

DPT — drug provocation test

COX-1 — cyclooxygenase 1

C1, C3a, C5a — complement components

urticaria and AE are caused by a type | immune response
(IgE-dependent) [1-3]. Another classification distinguishes
two DH phenotypes: immediate (the response manifests
within 1-6 hours of drug exposure) and delayed (symptoms
manifest 6 hours or more after drug administration to
a sensitized organism). Simultaneously, the immediate
phenotype, which includes urticaria and AE, can develop via
immunological and non-immunological mechanisms [8].

It is important to note that urticarial rashes and AE can be
symptoms of other clinical forms of DH, such as anaphylaxis,
serum sickness/serum sickness-like reaction, and vasculitis,
which can manifest as isolated skin lesions and systemic
involvement, with skin involvement being one component of
multiorgan vascular inflammation. In addition, a number of
drugs can cause urticarial rash and AE in mastocytosis and
mast cell activation syndromes [9].

Table 1 shows the clinical forms, pathogenetic mechanisms,
and main causes of urticaria (urticarial rashes) and AE
associated with drug action.

Isolated AE (without blisters) may be a sign of drug allergy,
but it is more commonly caused by non-immunological
hypersensitivity reactions that lead to mast cell activation
in some way. Another common type of isolated AE caused
by ACE inhibitors (ACEI) is not associated with degranulation
of mast cells and basophils but develops through different
mechanisms. Finally, in patients with hereditary (HAE) or
acquired (AAE) angioedema, some drugs can “reveal” the
complement system pathology [6, 7].

In this lecture, drug-induced urticaria and AE will be
treated as separate diseases.

PATHOGENESIS AND DRUG CAUSES
IN DIFFERENT VARIANTS
OF URTICARIA AND ANGIOEDEMA

Allergic urticaria and associated AE are classic
examples of type | immunological reactions that are elicited
by foreign proteins (complete antigens with molecular
weights >1000 daltons) or hapten—endogenous protein
complexes. Low molecular weight drugs (haptens) can
covalently hind to “host” proteins (plasma, extracellular,

348


https://www.multitran.com/m.exe?s=serum+sickness-like+reaction&l1=1&l2=2

Russian Journal of Allergy

Vol 19 (3) 2022

REVIEWS

349

suigjoud
snof0)0.a3ay Jayjo pue wouaa aaq Adesayyde ‘saurddea ‘aseunjoydalys ‘suoneledaid
ueb.o ‘suonesedaidounwwi Jueuiqwiodal ‘sunngojfounwui pue eias snobojoialey

meUmo_mcm\m_._mu_t: 10} Se awes ay) aJe sasne)

me_umo_mcm\m_‘_mu_ts 10} Se awles ay) aJe sasne)

suonoeal pajelpawi-9bj| xajdwod aunwiw|

(1-X0J Jo uoniqiyur

‘Aemyied anjeula)je BIA UOIIBAI}IE Juawa)dwod
‘s)iydoseq/s)ja2 1sew JO UOIBAIIE 133J1p) SWSIUBYISW
snoLeA yum AyanisuasiadAy jealbojounwiwi-uoN

suonoeal pajelpaw-9b|
(Apuanbauy ssa)) Jo pajeipaw-36] 1eatbojounwil

SSaUIIs wnJsg

sixejAydeuy

AunysuastadAy bnip Jo suLiof Jayjo Jo uoppISajjubwl So DWapaoibup Jo/pup pLDIRIN paonpul-bnig

Jlwedesan ‘wazen)ip ‘auidipajiu ‘auidipojwy

ase)daye ‘aseuryoida.ys ‘sionqiyul 7-asepndad jApndadip ‘sionquyu
ulual ‘s1ay20]q Jojdadal || uisuajoibue ‘sionqiyul (3]y) awAzus buiiaruod uisuajolbuy

BLIBIILN |221BOjOUNWLWI-UOU 10} SE S3SNEd BWes

sauojozelAd ‘sq|ySN ‘VSY

SyJJ| ‘suesixap ‘sunngojfounwuwi ‘synpold poojq ‘ewseld uewny

*2)9 ‘sbnup Adesayjowayd awos ‘udAwoduea ‘sauojouinbolony
‘suelyxap ‘sapyns ‘Aydesboibue Joy sakp uiadsalony ‘sy)) ‘(saierdo) saisabjeue anoaleN

8s0]n192 JAyrawAxogJed

‘S)UBXE|aJ 3)ISNW JaY10 pue auloydjAudons :a3uajeAlnw jeuonduny yum sbnig

*219 ‘(sy97)|) Siuabe

anbedoipe. Buluieyuod-aulpol ‘sauojozelAd ‘(sqlySN) sbnip Alojewwe)jui-iue jepioajsuou
‘(ySY) p1oe anjkanesiAlade ‘saplweuoyns ‘safoigqiue Jaylo pue sweyde)-g :susydey

*218 ‘Adesayyde ui wouaa aaq ‘xale)

‘Sjuawieal) 1egJay ‘sauowsioy Jayjo pue unnsul ‘auiwe)old ‘sawhzus ‘saurddea ‘swnias
‘syonpo.d poojq (-332 ‘qewixnii ‘qewixn}ad) suisold jueuiquiodal :susbiue a3e)dwo)

umouyun

uonepelbap sy ul
8SBaJ28p 0} aNp UIUNAPEI] JO UOIIBINWNIIE BAISSAIXT

BLIBJILIN Ul SB BWES 8y} aJe
swisiueydaw :AyaysuasiadAy jeaibojounwiwi-uoN

(L-X02) | adAy aseuabAx00)aka jo uoniqiyur «

BG) pue eg) suixojefydeue Jo uoneuwo) pue
femyjed aaneusaye eIA uoneAijde Juawajdwod «

s)iydoseq/s)192 1sew Jo UOIBAIJIE JI3UIPE o
:AuniysuasiadAy jeaibojounwiwi-uoN

suoljoeal yuapuadap-gb| sased alel ul ‘parelpawl-36|
Aueuiwopauid :AyanisuasiadAy jeaibojounww

ewsapaolbue pajejos|

ewapaolBue Jo/pue euednn

sbnag

sisauaboyed

swiJoj jeaiun)

(IgL—1] woJy paydepe) ewapaoibiue Jo/pue elieann jo siabbiy Bnip buikiiapun pue ‘sisauaboyied ‘swiioy jeaiun) °| 3)jqelr

DOl https://doi.org/10.36691/RJATS57




Russian Journal of Allergy

Vol 19 (3) 2022

REVIEWS

350

sdojqiyut 33v

suabousa ‘sioyqiyu 3oV

sjuexejal a)asnw ‘sy77J| ‘sIVYSN JaYlo pue Jej0i01dy ‘YSy ‘UldAwoduea ‘auiapod ‘aulydiojy

sauojozelhd ‘sqQIySN ‘VSV

S]ana) uluiyApelq u

8SBaJoU| |RUOIIPPE SI YAV JO WSIUBYIB
"(S9SeasIp aunwwione ul palasihal)
S9IpoqiueoINe Jo}qIyul |J Jo uonewlo)—|| adA|
(saseasip aanesajijosdoydwA) ur uowwod aiow)
uondwnsuod JojqIyui-| ) aAISSadxa—| adAL

S]aA3) uluiyApelq Ul asea.oul

Jeuonippe—(¥Qy) uonaeal Bnip asianpe Jo Wsiueyd3p
"suoneINW Jayo Jo AJANIR JeUORDUN) Jougiyul | Ul
aseaJap Jo/pue Aduaioyap pauiwlalap Aeanauag

(Adoye) Abua)je Juapuadap-36)

YHM pajeidosse si awolpuhs Alepuodas
umouyun sisauaBoyjed—awoipuAs aiyiedoip
S]192 1SBW JO UOeINW JBU0}d YiM

pajedosse si uoneAndesadAy—awolpuhs Alewd
suefo Jayjo pue umys ay} jo

UOIJeI)YuI JI3Y} PUB S]j32 }SBW JO UONRIa)I0.d

L-X02 J0 uomiqiyur 1ediBojounwiwi-uou
s swsiueydaw AyaisuasiadAy bnup jo aug
“aunwwione Ajgissod ‘umouyun si sisauaboyied

ewsapaolbue paiinbay

ewapaolbue Aeypalay

SaWO0JpUAS UoneANIE. )32 JSB
sisojfooisep

eledIIN snoaueyuods J1uoiy)

upfs ay bujajoauy ainjpu SNOLIDA fo Saspasip Jjuoiyd uf sbnip Jo uonap Jabbli

sJoyqiyul (n-4N1) eydje J0yoe} sisodau Jowny ‘aj0zewelyy ‘aeinoiynAdold

*2]9 ‘ULIBJIBM ‘S19X20]0-B13q ‘UlWLIojBW
‘uneysenole ‘uiojhuayd ‘sbnip pjob ‘suiwe)yidiuad qeinoiyyAdold ‘sqiysSN ‘qourindoyje
‘uidweyi ‘pizeuos ‘sanaJnip Buipnjaul ‘sapiweuoyns ‘sapijoJoew ‘sdnoigiue Wejel-g

*2}9 ‘sbn.p pjob ‘sbnup aulpol
‘uosBagesiw ‘uoidosdng ‘uegexoueAll ‘auliaAe}olp ‘SIYSN ‘9]0ZepIuo.laW ‘auopijozein)
‘sa1j01q1ue Jay)o pue sweyde)-g :suaidey “sunngojbounwwi pue ewse)d uewny

(satpognue d1wsedojfd
Jlydosinau-1jue) suonoeas pajerIosse-yINY

suonaeal pajelpawi-9bj| xajdwod aunwiw

suoieal pajelpaw-9h| xa)dwod aunww

sINnasep

U0NIBaI 9Y1)-SSAUYIIS WNJAG

sbnig

sisauaboyjed

swiJoy jeatun)

Buipuz | a)qel

DOl https://doi.org/10.36691/RJATS57




351

REVIEWS

or intracellular), resulting in drug antigen formation
(hapten-peptide complex). During the sensitization period, IgE
specific to the drug determinant is produced, and antibodies
bind to high-affinity Fc-receptors of mast cells and basophils.
When a drug with similar determinants is administered again,
a cascade of cellular activation occurs, resulting in the
release of pre-existing mediators (histamine, tryptase, etc.)
and the synthesis of new ones (leukotrienes, prostaglandins,
kinins, cytokines, etc.). Within minutes, histamine causes
blistering, itching, flushing, and edema, while cytokine-driven
inflammatory erythematous response develops after several
hours (the time required for protein synthesis and recruitment
of other immune cells).

The causes of allergic urticaria/AE vary (see Table 1).
Aside from well-known protein drugs and low molecular
weight haptens, chemicals with so-called functional
multivalence represent a small number of drugs. These
include non-protein macromolecules with numerous
repeating epitopes. Despite their small size, these drugs
can cross-link antibodies and cause immediate reactions.
Synthetic polymer carboxymethyl cellulose (stabilizing
agent in injectable drugs for intramuscular injection) and
quaternary ammonium compounds used as neuromuscular
blockers in general anesthesia (succinylcholine, etc.) are two
well-known examples [10].

In non-immunologic urticaria/AE, triggers of inflammatory
cascade are fueled by direct degranulation of mast cells/
basophils caused by drug stimulation of G protein-coupled
membrane receptors or complement activation and formation
of complement components such as anaphylatoxins C3a and
C5a, which cause the release of mediators from mastocytes
and basophils [8]. In patients with acute urticaria and AE
who have a cross-reactive response to drugs with different
chemical structures, inhibition of type 1 cyclooxygenase
(COX-1) causes hypersensitivity to acetylsalicylic acid
(ASA), nonsteroidal anti-inflammatory drugs (NSAIDs), and
pyrazolones. At the same time, potent COX-1 inhibitors cause
symptoms in all patients, while less potent inhibitors, such as
paracetamol, cause acute urticaria and/or AE in only 25% of
patients, primarily at high doses (=1000 mg). These patients
generally tolerate selective COX-2 inhibitors (coxibs) well.
It is also possible that NSAIDs have a direct effect on the
membranes of basophils and mast cells, causing the release
of various mediators [7, 8, 11].

Isolated AE develops primarily through non-immunological
pathways and is classified into two types: AE caused by
excessive bradykinin accumulation and mediated by mast
cell/basophil mediators (“histamine” AE). The pathogenesis
and triggers of AE caused by direct mastocyte/basophil
degranulation are similar to those seen in non-immunologic
urticaria. Another common mechanism linking non-allergic
urticaria and isolated AE is COX-1 inhibition by non-selective
NSAIDs and ASA.

The occurrence of AE in the skin and small intestine during
treatment with calcium channel blockers of various classes,

Vol 19 (3) 2022
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such as amlodipine, nifedipine, diltiazem, and verapamil, has
been described; however, the pathogenesis of this AE variant
is unknown. Furthermore, isolated AE can be caused by
sirolimus, everolimus, amiodarone, metoprolol, risperidone,
paroxetine, etanercept, and other biological agents, despite
the absence of convincing evidence of IgE-dependent allergy
to those drugs [7, 8, 10, 11].

Bradykinin AE is more commonly caused by ACE
inhibitors, but it can also be caused by angiotensin Il
receptor blockers (losartan, valsartan, etc.), hypoglycemic
drugs (sitagliptin, saxagliptin, linagliptin), and selective renin
inhibitors (aliskiren). Bradykinin accumulates in AE caused
by ACE inhibitors and other drugs because its degradation is
inhibited. ACE inhibitors are the most common cause of AE
in critically ill patients (30%—-50% of the time). AE is reported
in 0.1%-0.7% of ACE inhibitor patients. The risk of developing
AE is independent of whether the drug belongs to the ACE
inhibitor group or the dose [7, 10, 12, 13].

CLINICAL MANIFESTATIONS

IgE-dependent urticaria/AE develops 1-2 weeks after
the start of drug use in previously unsensitized individuals.
Non-immunological reactions, as well as the introduction
of an allergenic drug into an already sensitized organism,
cause mast cell and basophil degranulation to occur very
quickly — within 15-20 minutes, and sometimes within
1-2 hours. Blisters of various sizes can form and merge into
vast fields with “geographical” contours. At the same time,
the blisters are short-lived and usually vanish without a trace
within 24 hours, but with continued drug exposure, more
and more rashes appear, also vanishing over time without
transformation into papules, hemorrhages, or leaving any
pigmentation (Fig. 1). ltching is always present with urticarial
rash. When urticaria is combined with AE, there may be
swelling of the tongue, lips, or face, as well as other parts
of the body and mucous membranes. The transformation
of urticaria and AE into a systemic reaction, anaphylaxis,
is possible with massive degranulation of mast cells and
involvement of blood basophils.

Isolated histamine AE occurs within a few minutes,
less frequently a few hours (usually within six hours),
accompanied by mild or moderate itching, but can occur
without itching because the edema is localized in deep dermal
and hypodermal layers, where there are no irritant receptors.
The skin over the edema is typically slightly hyperemic,
occasionally pale, and warm to the touch. The face, hands,
feet, and external genital organs are the most common sites
for AE associated with mast cell degranulation; various
mucous membranes are frequently involved. The regression,
like urticaria, lasts about 24 hours, but if the edema is
severe, it can take 36-48 hours. This AE variant responds
well to glucocorticosteroids (GCS) and antihistamines (AGS).
Under the influence of these drugs, the edema may disappear
faster [3-5, 12, 13]. If histamine AE has a recurring clinical
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course (e.g., with intermittent use of NSAIDs), then edema
localization may change during different episodes, and
previously unseen urticarial rashes may appear.

Bradykinin AE is distinguished from histamine AE by
more pronounced involvement of the face, lips, tongue,
pharynx, and larynx, as well as a higher risk of progression;
it can pose a real threat to life due to asphyxia. There is no
urticaria or itching. The edema is pale and dense (Fig. 2),
slowly resolving (from 24 to 72 hours or more), and not
responding to systemic GCS and antihistamine therapy.
Because ACE inhibitors can cause intestinal edema, sudden
onset of abdominal pain, diarrhea, nausea, and occasionally
vomiting in the elderly may be associated with their use. It
should be noted that AE symptoms caused by ACE inhibitors
do not appear immediately after taking the drug, as they do
with exposure to drug allergens or drugs that cause direct
degranulation of mast cells/basophils. Symptoms may
appear several weeks/months/years beginning ACE inhibitors
and recur with varying frequency, ranging from several times
per year to weekly episodes [3, 7, 10, 12, 13].

DIAGNOSIS AND DIFFERENTIAL
DIAGNOSIS

The combination of urticaria and AE is one of the most
common manifestations of DH, and in most cases, the vivid
clinical presentation combined with anamnesis does not
make the disease difficult to diagnose. When reviewing the
anamnesis, consideration is given to whether the symptoms
were acute or recurring, as well as the type of drug suspected
of causing the edema (complete antigen, hapten, or
non-immunological trigger). A thorough family history
is taken, which is especially important when making a
differential diagnosis with HAE.

During the physical examination, the doctor looks for
signs of urticaria and edema. In the case of face or tongue AE,
a careful assessment of airway patency is required to rule
out life-threatening edema before deciding on emergency
treatment tactics. Upper respiratory tract involvement is
indicated by stridor, voice change and hoarseness, as well
as difficulty swallowing. If a physical examination reveals
swelling of the tongue, particularly its root and soft palate,
there is a high-risk of developing laryngeal and airway AE,
which may necessitate immediate intubation or cricotomy.
In contrast, if the edema is limited to the lips, intubation is
usually unnecessary [3, 7, 10, 12, 13].

In the case of abdominal pain in an ACE inhibitor patient, it
is necessary to rule out visceral edema: for this, non-invasive
imaging — ultrasound and computed tomography — are
used, which in most cases aid in diagnosis by revealing
dilated intestinal loops, thickening of the mucosal folds,
mesenteric edema, and free fluid in the abdominal cavity.
Endoscopic procedures are used less frequently.

Blood pressure, heart rate, and lung auscultation are all
required. The combination of physical examination findings

DOl https://doi.org/10.36691/RJATS57

Fig. 1. Urticaria caused by Tempalgin. Multiple wheals of
various sizes on erythematous background. (Photo from authors’
archive).

Fig. 2. Bradykinin angioedema caused by ACE inhibitor. (Photo
from authors’ archive).
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with sharp decrease in blood pressure, bronchospasm,
vomiting, abdominal pain, urge to defecate, urge to urinate,
and bloody discharge from the vagina in patients with acute
urticaria and AE is a sign of anaphylaxis [3, 4].

Urticaria/AE caused by drug administration may be
accompanied by general symptoms such as low-grade fever,
headache, and myalgia as a result of inflammatory cytokine
exposure. Because urticaria / AE may be signs of a systemic
process due to DH (serum sickness/serum sickness-like
reaction, systemic drug-induced vasculitis), it is critical not
to overlook lymphadenopathy, splenomegaly, arthritis, or
involvement of other organs in patients with a torpid course
of the disease. Body temperature must be measured daily
and its fluctuations monitored throughout the day.

Bloodwork may show leukocytosis with moderate
neutrophilia, sometimes moderate eosinophilia, indicating the
possible involvement of IgE-mediated allergic reactions in
urticaria and drug-induced AE. General urinalysis, biochemical
blood tests, and other examinations are performed if clinically
indicated to rule out the systemic nature of DH process and
other causes of urticaria and AE.

Differential diagnosis of drug-induced urticaria

If fever and other general symptoms persist despite
discontinuation of the suspected drug, and signs such as
lymphadenopathy, arthritis, maculopapular, hemorrhagic,
or bullous rashes appear, or hyperpigmentation or other
unusual manifestations are observed, differential diagnosis
with a number of diseases, both drug-induced and those not
associated with DH, is required [10]:
 urticaria as a component of serum sickness/serum

sickness-like reaction and drug-induced vasculitis;

» maculopapular drug exanthema;

 erythema multiforme;

» hypocomplementemic urticarial vasculitis and other
immunocomplex lesions of small skin vessels;

 urticaria as a symptom of systemic autoimmune or
autoinflammatory diseases.

Table 2 shows the main clinical and diagnostic signs of
various manifestations of DH involving the skin, as well as
some autoimmune or autoinflammatory diseases that can be
classified as urticaria. Significant differences should be noted
between acute drug urticaria and other isolated skin lesions
in DH-maculopapular exanthema and erythema multiforme:
urticarial rashes vanish without a trace, without peeling or
pigmentation, and never evolve into target-shaped papules
or bullous elements.

Skin vasculitis is typically characterized by palpable
purpura-slightly elevated hemorrhagic rashes (bright red or
burgundy colored). Urticarial vasculitis is another variant that
manifests as persistent blisters lasting more than 24 hours
with residual hyperpigmentation. Histologically, drug-induced
allergic isolated skin vasculitis is most often characterized as
a leukocytoclastic variant with small vessel involvement [10].
The only way to accurately diagnose vasculitis is through
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biopsy. Fibrin and inflammatory infiltrates in the vessel wall,
as well as leukocytoclasia (neutrophil fragmentation), are the
main pathological criteria for leukocytoclastic vasculitis.

Drug-induced leukocytoclastic vasculitis of the skin is a
benign disease that can be treated with early detection and
withdrawal of the offending drug. Drug-induced vasculitis of
the skin, on the other hand, is not always isolated. When
vessels are damaged, other organs, in addition to the skin,
are frequently involved, as is typical for serum sickness and
sometimes for serum sickness-like reactions, as well as
systemic drug-induced vasculitis (see Tables 1 and 2).

Differential diagnosis with drug-induced urticaria
also includes vasculitis of unknown origin (probably
autoimmune), in which drugs, along with other factors,
serve as triggers, and clinical presentation of vascular
inflammation may manifest not as classic bright purpura
but as rashes similar to persistent blisters, which can
lead to diagnostic errors. Leukocytoclastic variants with
immunocomplex-related damage of small vessels in the
skin include hypocomplementemic urticarial vasculitis,
IgA-mediated vasculitis, and cryoglobulinemic vasculitis.

It is widely acknowledged that there is currently
a high level of drug consumption due to both medical
prescriptions and self-medication. If symptoms occur in the
context of pharmacotherapy, they may be signs of adverse
drug reactions, among other things. Doctors often make
“fashionable” diagnosis of drug allergy, ignoring the possibility
of a simple coincidence of drug intake and manifestation of
another disease that mimics DH skin manifestations. This is
true for urticaria and serum sickness-like reactions caused by
rarer diseases. Consider systemic juvenile idiopathic arthritis
and adult Still's disease as examples (see Table 2): these
forms are distinguished by a chronic relapsing course and
“transiency” of rashes. In contrast to DH, careful collection of
pharmacological anamnesis with chronological comparisons
reveals that exacerbation and subsidence of symptoms are
not associated with drug appointment and withdrawal.

We must not overlook acute rheumatic fever, which can
present with rashes in the form of annular erythema, which is
mistaken for urticaria in some cases. Since patients usually
present with migratory arthritis and significant joint swelling,
a serum sickness-like reaction is often suspected. However,
a recent history of streptococcal infection (tonsillitis) and
increased levels of specific serological markers allow
for accurate diagnosis. However, if tonsillitis was treated
with antibiotics, then the possibility of developing serum
sickness-like reaction should be considered.

Various rare autoinflammatory syndromes with rashes
(urticarial or maculopapular), fever, and arthritis must be
ruled out in children and young adults [4, 5]. However, unlike
DH, drug withdrawal does not lead to recovery. In the case
of chronic relapsing diseases, a more thorough examination
is required.

We should also consider the possibility of drug-induced
urticaria being confused with a condition known as “contact
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Table 2. Differential diagnosis of urticaria. Main clinical manifestations in various drug hypersensitivity reactions and some
autoimmune/autoinflammatory diseases (adapted from [1, 3-5, 10] with additions)

Chronology of symptoms

Clinical form after repeated drug exposure

Main clinical manifestations

From minutes to 6 hours
Rapid evolution and disappearance
of individual elements (<24 h)

Urticaria

Maculopapular From 6 to 72 hours

exanthema Resolution of rashes in 7-10 days
Erythema From 24 to 48 hours

multiforme Resolution within 1-3 weeks
Isolated skin From 6-12 hours to 3-5 days
vasculitis Resolution within 2 weeks

Pale pink (sometimes bright) itchy blisters surrounded by
erythematous border. Localization: torso, face, or entire skin.
Often mucosal involvement (angioedema)

Spots, papules, sometimes merging. With involution, pigmentation and
peeling are not uncommon. Localization: trunk, limbs or diffuse rash

Erythematous papules round in shape with dark target-like center.
There may be vesicle or blister in the lesion center. Localization: more
frequently limbs, including palms, torso. Pigmentation may occur
with involution

Palpable purpura—slightly raised hemorrhagic rashes or urticarial
vasculitis —persistent blistering rashes that persist for more than

24 hours with residual hyperpigmentation

The main manifestations in systemic drug allergy syndromes

Serum sickness
(serum sickness-like
reaction)

From 6-12 hours to 3-5 days
Resolution for mild form
within 2 weeks

Gradual development within

1-3 weeks from the start of drug
administration

Resolution for non-severe forms
within 2-4 weeks

Systemic drug
vasculitis

Common eruption: persistent urticaria or urticarial vasculitis,
or maculopapular rash, or palpable purpura.
Fever, lymphadenopathy, arthralgia/arthritis, myalgia, weakness

Palpable purpura, or petechial rash, or urticarial vasculitis
Low-grade fever, weakness, arthralgia and myalgia

Damage to the kidneys (glomerulonephritis), lungs (alveolar
hemorrhages), and nervous system (neuropathy), with varying
frequency and intensity

Maculopapular or urticarial exanthems associated with autoimmune/autoinflammatory diseases

No obvious association
with drug use

Juvenile idiopathic
arthritis and
adult-onset Still's
disease

Rapidly disappearing salmon-pink maculopapular or urticarial rash
that appears simultaneously with recurrent fever. The rash presents
predominantly on the trunk and extremities, including palms and
soles, sometimes affecting the face

Arthralgia, myalgia, arthritis, periarthritis

No obvious association
with drug use

Acute idiopathic
cutaneous lupus
erythematosus

Widespread morbilliform exanthema, predominantly on the outer
surface of arms and hands. Onset of the disease or it's exacerbation
under the influence of ultraviolet radiation are characteristic

urticaria—protein contact dermatitis.” As the name implies,
allergic protein contact dermatitis is induced by proteins, as
opposed to the classical variant caused by low molecular
weight substances—haptens. Clinically, it is distinguished by
morphological elements typical of allergic contact dermatitis:
edematous erythema, papules, vesicles, and, later in the
disease’s progression, lichenification, cracks, and peeling.
In the case of relapses caused by unintentional provocation
by a protein contact allergen, dermatitis symptoms appear
quickly — within a few minutes, making it similar to urticaria.
Protein contact dermatitis may begin with a picture of contact
urticaria, i.e., blistering rashes at the site of protein exposure;
however, at the onset of the disease, only prominent local
edema and bright erythema are observed, accompanied by
severe itching, and then, in the absence of allergen elimination,
transformation into a local eczematous process occurs [14].
The mechanisms underlying protein contact dermatitis
are unknown, but it is thought that IgE-dependent allergy,
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T-cell hypersensitivity, and/or delayed reactions mediated by
IgE-bearing Langerhans cells are involved. 56%-68% of
patients with protein contact dermatitis have a history of
atopy. This type of contact dermatitis is more commonly
seen as an occupational disease in people who come into
contact with food proteins, latex, plants, animal proteins,
and so on. At the same time, topical medications containing
proteins from various sources can cause the disease. If
a protein allergen enters the bloodstream in any way, it
causes systemic dermatitis or generalized urticaria, as well
as anaphylaxis in rare cases. At the same time, rashes may
resemble papules rather than wheals, and the involution of
rash elements is slower than in classical urticaria (Fig. 3).
Another issue in differential diagnosis is distinguishing
between acute drug-induced urticaria and trigger action of
drugs in chronic diseases of various types involving the skin
(see Table 1). This primarily entails spontaneous chronic
urticaria and AE with exacerbations induced by ASA and
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Fig. 3. Protein allergic contact systemic dermatitis caused by bee
venom in medicine “Sofya Balm.” Rubbing was done along the
spine in the lower thoracic region and sacrum, which has the most
pronounced confluent rashes are observed. The patient has history
of contact urticaria when using “Apizartron” ointment, which also
contains bee venom. (Photo from authors’ archive).

NSAIDs. Over the last four decades, a number of studies
based on sufficient clinical evidence have shown that ASA,
NSAIDs, and less often pyrazolones can be a trigger factor
in 10%-30% of patients with chronic urticaria and AE. For a
long time, this disease was known as aspirin-induced chronic
urticaria and AE, but it was discovered that it is characterized
by broad cross-reactivity with non-selective NSAID inhibitors
and COX-1, COX-2. As a result, NSAID-exacerbated cutaneous
disease (nonsteroidal anti-inflammatory drug-exacerbated
cutaneous disease) is now commonly used [11]. The severity
of reaction to ASA and non-selective NSAIDs in this disease is
dose-dependent; additionally, selective COX-2 inhibitors are
well tolerated by the majority of patients. Non-immunological
hypersensitivity to ASA and NSAIDs has been observed not
only in patients with spontaneous chronic urticaria, but also
in other types of urticaria, such as cholinergic urticaria.
Patients with aspirin-induced spontaneous chronic urticaria
experience rashes on a regular basis without any obvious
triggers, but when ASA and NSAIDs are used, the disease
worsens: the number of blisters and their size increase, and
swelling of the tongue, lips, or face, as well as other parts
of the body, may occur. Shortness of breath, wheezing, and
chest tightness may appear in addition (for the first time in
the patient’s life). Anaphylactic shock occurs very rarely.
Urticaria and AE symptoms typically appear 30 minutes to
6 hours after taking NSAIDs, though both immediate (within
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15 minutes) and delayed (more than 6 hours) reactions have
been described. Skin rashes usually go away within a few
hours, but they can last for several days. The severity of the
exacerbation is determined by the drug dose. The more active
the course of the disease, the more severe the exacerbation:
during periods of remission or during treatment for chronic
urticaria and AE, manifestations of DH are minor or absent.

In mastocytosis and all variants of mast cell activation
syndrome (see Table 1), histamine liberator drugs are
described as triggers for the appearance of urticarial rash
and AE: most frequently morphine, codeine and other opiates,
vancomycin, ASA, NSAIDs, iodine-containing contrast agents
(ICCA), and muscle relaxants.

Mast cell pathology necessitates a multidisciplinary
approach, including consultations with dermatologists,
hematologists, and allergologists-immunologists. Diagnostic
algorithms for such conditions have been developed, based on
clinical signs evaluation, serum tryptase levels assessment,
and exclusion of secondary mast cell hyperactivation
syndrome (IgE-mediated allergy and other hypersensitivity
conditions). One of the diagnostic criteria for mastocytosis
and mast cell activation syndrome is a persistent increase
in tryptase levels above 20 ng/ml (primary and idiopathic).
In aggressive systemic mastocytosis, tryptase levels are
typically elevated (greater than 200 ng/mL). In adult patients,
skin biopsy is required to confirm the cutaneous form of
mastocytosis, and sternal puncture and immunogenetic
study to identify mast cell clonality are performed in cases
of systemic mastocytosis symptoms and to verify primary
mast cell activation syndrome [9].

Diagnosis and differential diagnosis
of isolated angioedema

In isolated AE it is necessary first of all to determine
its variant-histamine (i.e., associated with mast cell
degranulation) or bradykinin AE. Bradykinin edema further
requires its differentiation between ACEl-induced AE
without complement deficiency or dysfunction, and HAE or
AAE, i.e., forms caused by complement system pathology
(see Table 1; Table 3).

When distinguishing between histamine and bradykinin
AE, the focus is on a set of features that are more characteristic
of either AE type. Urticarial rash elements are not associated
with bradykinin AE. Isolated swelling of the earlobes is
almost always found in the histamine AE variant. In contrast,
abdominal pain associated with edema of the intestinal
walls is most characteristic of HAE, but it can also be seen
in ACEl-induced AE in patients without complement system
deficiency; however, the pain is less severe in this case. In
most cases, histamine AE progresses quickly, peaking after
30-60 minutes and accompanied by tingling or moderate
itching. Histamine AE usually resolves within 12—-24 hours
and responds well to treatment with glucocorticoids (GCS)
and antihistamines. Bradykin AE associated with ACEI
develops more slowly, peaking in 6 hours on average but can
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Table 3. Diagnostic differences between types of angioedema (adapted from [6, 7, 12])

Family history
Type of recurrent L C1- C1-
of Main trigger drugs angioedema A_SSOCIa.tIOI‘_I inhibitor inhibitor C4 .
. - with urticaria - - concentration
angioedema and/or abdominal concentration | function
pain/asphyxia
Histamine Antibiotics, NSAIDs, - Characteristic Normal Normal Normal
opiates, ICCAs,
dextrans, muscle
relaxants, etc.
AE-ACEI ACEI - Non- Normal Normal Normal
characteristic
HAE type | ACEI, estrogens (+) ++ Non- Normal Low Low
characteristic
HAE type Il ACEI, estrogens (+) ++ Non- Normal Low Low
characteristic or high
HAE with ACEI, estrogens (++) ++ Non- Normal Normal Normal
nClinh characteristic
AAE type I n i ACEI, estrogens (+) - Non- Low Low Low

characteristic

Note: “+" — frequent or typical; “++" — very frequent or very typical;

— rare or unusual. AE — angioedema; AE-ACEl — angioedema

caused by angiotensin converting enzyme inhibitors; ICCA, iodine-containing contrast agents; HAE, hereditary angioedema; nC1-inh, normal
content of 1st complement component inhibitor; NSAIDs, nonsteroidal anti-inflammatory drugs; AAE, acquired angioedema; C1 and C4,

1st and 4th complement components.

be delayed for up to 24 hours. Simultaneously, pronounced
laryngeal edema can develop quite quickly, much earlier than
in the soft tissue area. The resolution of bradykinin edema is
slow (from 24 to 72 hours or more), and systemic GCS and
antihistamines have no effect [6, 7, 12, 13].

In the case of bradykinin AEs, it is important to note that
ACE inhibitors and other drugs can act as triggers for HAE and
AAE, revealing C1-inhibitor deficiency or dysfunction. There is
a basic increase in bradykinin levels with these AE variants,
which increases to an even greater level when affected by a
number of drugs. The most common provocateurs are ACE
inhibitors, but other drugs may also cause isolated bradykinin
AE in patients who do not have initial complement system
abnormalities (see Table 1). The use of estrogen-containing
drugs causes the onset or exacerbation of HAE in women with
normal C1-inhibitor levels (former name — HAE type Ill).

Although it is well-known that mechanical injuries
frequently cause AE attacks in patients with HAE type I-II,
there are times when disease exacerbation after dental
procedures is misdiagnosed as a manifestation of drug
allergy to local anesthetics. When making a differential
diagnosis of histamine and bradykinin AE, patients with HAE
may develop marginal erythema, which are rose-red rashes
that do not rise above the skin surface, without itching or
peeling, and disappear within a few hours to two days. Such
symptoms could be a separate manifestation of the disease
or a precursor to AE [6]. Erythema marginalis is frequently
confused with urticaria.
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AAE attack may be triggered by ACE inhibitors and,
less commonly, by estrogens. AAE type | is more common
in lymphoproliferative diseases, when there is constant
activation of the classical complement pathway with excessive
consumption of C1 inhibitor and its subsequent depletion.
AAE type Il is associated with formation of autoantibodies
to C1 inhibitor (noted in autoimmune diseases) [7].

To diagnose different types of AE, clinical signs, the
patient’s personal and family history, underlying diseases,
and laboratory parameters such as C1 inhibitor levels and
function, as well as Cé4 levels, are examined (see Table 3).
Normal levels of C1 inhibitor and C4 are measured in patients
with drug-induced AE as an independent disease, including
variants caused by any ACE inhibitors and angiotensin
receptor blockers. Isolated drug-induced AE can also be
distinguished from idiopathic forms, such as histamine and
bradykinin AE. Idiopathic AE is a diagnosis of exclusion; the
possibility of any other (non-drug) triggers is investigated.

In addition, as the practice of many national and
nondomestic clinics shows, in some cases incorrect diagnosis
of drug-induced AE occurs in “coinciding circumstances,”
when a patient takes drugs to treat chronic or acute disease,
and at the same time he has a pathology that includes
tissue edema as one of its manifestations. Examples of such
pathologies are:

« contact dermatitis (irritant and allergic);
 local infection (furuncle, phlegmon, acute cheilitis
glandularis, hordeolum);
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« erysipelas;

« superior vena cava syndrome;
 heart failure;

 nephrotic syndrome;

« hypothyroidism;

« other diseases accompanied by edema.

It should also be taken into consideration that AE
in combination with high eosinophilia can be a sign
of parasitic invasion, manifesting inflammatory tissue
edema (for example, with trichinosis), a manifestation of
hypereosinophilic syndrome, and Gleich’s syndrome (episodic
angioedema with eosinophilia, currently considered to be a
variant of hypereosinophilic syndrome) [4, 5].

Specific diagnosis of drug hypersensitivity
in patients with drug-induced urticaria
and angioedema

Standard allergological methods are used for etiological
diagnosis of drug-induced urticaria and AE: analysis of
pharmacological and allergic anamnesis, skin tests and
provocation tests, and laboratory diagnostic methods, which
are positioned as preferred methods in comparison with in
vivo tests from the standpoint of patient safety [3, 10, 15, 16].

In most cases, anamnesis data and elimination effect are
sufficient: symptoms of urticaria and AE do not recur after
offending drug withdrawal and exclusion of subsequent intake
of cross-reactive drugs. The situation with ACE inhibitors is
more complicated, since the effect of their elimination can
be delayed due to the pathogenesis of this AE variant. For
example, one of long-term studies showed that more than
80% of patients during the first month after discontinuation of
ACE inhibitors experienced relapses of AE, and in some cases,
symptoms reappeared for 6 months or more [17]. However, in
a situation where episodes of edema recur for several weeks
or months in the absence of drug administration, it is possible
that the disease is either not associated with ACE inhibitors
at all, or these drugs were triggers for manifestation of other
forms of bradykinin AE.

A number of in vitro tests are currently being developed
to diagnose type | allergic reactions to drugs and
non-immunological hypersensitivity. Specific IgE to certain
drugs and their metabolites (primarily penicillins) are determined
in cases of immediate allergic DH, and various modifications of
the basophil activation test are used for IgE-mediated allergy
and non-immunological hypersensitivity. These tests are
available in some highly specialized clinics and laboratories,
but their sensitivity and specificity have received mixed reviews
from experts, so they are not yet recommended for widespread
use. The detection of specific IgE to native drug molecules has a
low sensitivity and, in most cases, is not informative (a negative
result does not rule out allergy) [3, 8, 10, 11, 15].

In real-life clinical practice, if the cause of urticaria and AE
has not been reliably established (which happens when the
disease develops against the background of polypharmacy),
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and these drugs are necessary for continuous use or may
be required in the future, and they cannot be replaced by
drugs of different structure or mechanism of action, then
after recovery the patient is recommended specific drug skin
tests and / or provocation tests. It is preferable to carry out
testing with drugs 4—6 weeks after an acute reaction, since
at this time the highest sensitivity to tests is observed, but
positive results can be obtained after several months and
even years [1, 3, 10, 15].

For the diagnosis of immediate drug allergy, there are
two types of skin tests: prick tests and intracutaneous tests.
Contraindications must be considered, and medications
that reduce skin reactivity and cause false negative results
are investigated. Skin tests, which are simple to perform
and inexpensive, are used to demonstrate immunological
response to certain drugs. However, their advantages, such
as ease of use and low cost, are offset by disadvantages, the
most notable of which are the low sensitivity and specificity of
most drug tests. Many drugs, especially when administered
intradermally in undiluted solutions, can cause irritative
effects (nonspecific skin irritation manifested by hyperemia/
erythema). As a result, for skin tests, non-irritative drug
concentrations are used [15, 16, 18].

It should be emphasized that skin tests can only be
performed by allergy-immunology specialist (or trained nurse
under physician’s supervision) in allergological room after the
patient has signed informed consent. Prick test is considered
safe when taking into account it's contraindications, and
intracutaneous test in rare cases can lead to fatal consequences
(especially with history of immediate allergy to beta-lactams),
so it is recommended to perform it in a hospital [3].

Positive wheals and hyperemia response within 15 to
20 minutes in prick test and intracutaneous test indicates
the presence of drug-specific IgE on patient’s mast cells and
confirms type | reaction. However, in addition to the simple
irritative effect that any drug can cause, a number of drugs
(for example, opioids, fluoroquinolones, and vancomycin)
induce non-immunological (i.e., without the participation of
IgE antibodies) release of skin mast cell mediators, leading
to the development of a classic wheal with pseudopodia and
severe hyperemia (Fig. 4), particularly during intracutaneous
testing [10]. At the same time, no urticaria/AE manifestations
were observed during provocation testing or subsequent
therapeutic use of the drug.

Skin testing with a drug uses the native (non-metabolized)
form of the drug, which can reveal allergies in only a subset
of patients. The full range of metabolites and intermediate
forms that stimulate the development of allergies has not
been determined for most drugs, and no test reagents are
available. The only exception to this rule is penicillin, which
has metabolites and metabolite-protein complexes that
are required for the most accurate identification of allergy
patients. However, diagnostic allergens containing these
determinants are not currently available for clinical use in
the majority of countries [10].
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In addition to penicillin, @ number of drugs with native
(non-metabolized) form have been identified. With these
drugs skin tests turned out to be informative for diagnosis of
immediate allergy [10, 15]:

» other beta-lactam antibiotics (cephalosporins and
imipenem);

« neuromuscular blockers and blue dyes used to localize
lymph nodes during surgery;

« carboplatin and other platinum drugs;

» pyrazolones such as metamizole;

+ local anesthetics;

« thiobarbiturates (e.g., thiopental sodium);

« therapeutic monoclonal antibodies.

Testing begins with a prick test, and if the results are
negative or indeterminate, the transition is made to an
intracutaneous test, which has higher sensitivity (but lesser
specificity). For prick tests and intradermal tests, sterile
drug solutions are used. In most cases, a skin reaction
appears after 15-20 minutes, but a wheal and erythema
can develop more slowly — within 1 hour. Papules may
form after 2—6 hours of intradermal administration of the
drug, indicating the late phase of IgE-dependent allergy
caused by secondary effector cells — eosinophils and
neutrophils. The appearance of a papule after 24-72 hours
is indicative of delayed T-cell hypersensitivity. When
non-irritating drug concentrations are used, an immediate
response (within 1 hour) indicates IgE-mediated allergy.
Negative result does not exclude allergy, as the patient
may have immunological reaction to drug metabolites. In
other words, under the clinical conditions during treatment
with this drug, the occurrence of a reaction induced by the
binding of the drug to IgE cannot be completely excluded.
Skin tests can also be false negative if done too soon after
an acute allergic reaction.

The drug provocation test (DPT) involves gradually
increasing doses of a suspected drug and is based on the
idea that a certain amount of drug is required for the onset
of symptoms. DPT is widely regarded as the gold standard
in the diagnosis of DH when all possible studies (skin and
laboratory tests) have been performed but the cause remains
unknown [1, 3, 15]. However, informative specific laboratory
tests are not widely available for allergological practice,
and skin tests with many drugs have low specificity and
sensitivity, owing in part to their ability to only diagnose
immunological reactions. In cases of non-immunological
DH, skin tests are not used, therefore, specific diagnosis of
DH is immediately started with DPT, if anamnesis data are
insufficient for this purpose [1, 10]. In case of allergy, which
could not be proved using skin tests, the advantage of DPT is
its possibility of confirming or excluding the reaction to drug
metabolites, since immunological response to native drug is
determined by skin tests.

There are generally accepted indications, contraindications
and limitations for DPT. The causes of false positive and false
negative results have also been described [1, 10, 15, 16].

DOl https://doi.org/10.36691/RJATS57

Fig. 4. Skin tests with levofloxacin. The prick test with whole
solution (5 mg/1 ml) is ambiguous. IT at a dilution of 1:100 with a
volume of 0.02 mL: after 20 minutes, a giant wheal with pseudopodia
appeared, which resolved within 1 hour. There were no late skin
reactions or systemic clinical manifestations the day after IT. IT was
regarded as a false positive, owing to non-immunological mediator
raised from skin mast cells. The intravenous provocation test with
levofloxacin the next day was negative. Prior to coaxial arthroplasty
surgery, an examination was carried out. The patient had a history
of anaphylaxis during penicillin administration and urticaria during
treatment with azithromycin. Prior to the skin test, no levofloxacin
was administered. Following the examination, the patient given
levofloxacin in the postoperative period, and no hypersensitivity
was observed. (Photo from authors’ archive).

The main indications for urticaria and AE:

« exclusion of DH with uncertain (unclear) anamnesis data;

« exclusion of cross-reactivity of drugs that are similar
in structure/action to drugs that previously caused
manifestations of DH in the patient;

« proof of safety of drugs that are pharmacologically and/
or structurally unrelated to drugs that have previously
caused true manifestations of DH in the patient; especially
relevant for patients with anxiety and depression.
Certainly, any in vivo drug testing, including DPT, is

conducted with strict justification for the necessity of

suspected drug use now or in the future. When there is a

convincing history of DH, as well as positive skin tests, the

specificity of which is undisputed, DPT is not performed.
Contraindications for DPT with immediate DH [1, 10]:
 urticaria and AE as manifestation of anaphylaxis (in rare
cases, provocation is possible after analyzing the risk/
benefit ratio);

« suspected drug is unlikely to be needed in the future and

there are structurally unrelated alternative drugs;

« severe or uncontrolled comorbidity and pregnancy; the

exceptions include cases where the appointment of
drugs is required for life-saving indications.
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Several key points should be highlighted. In many
cases, DPT is used to rule out DH rather than confirm it,
i.e., when a drug-induced reaction is unlikely to occur.
Negative DPT results allow you to persuade both the patient
and the referring physician of the safety of the suspected
drugs, the possibility of using local anesthesia, the need
for a contrast X-ray, the absence of cross-reactions with
drugs from another class (or even within the same group,
but with different pharmacological structure: for example,
beta-lactams with different side chains), and so on. DPT is
performed under the close supervision of an allergologist
after the patient has signed informed consent and only in a
hospital where immediate assistance and intensive care are
available if necessary.

Main reasons for false negative results of DPT are [1, 10]:
« testing during administration of antiallergic drugs, when

the cancellation of them is impossible;

« difficulty or impossibility of modeling the effects of other
factors such as viral infection, fever, ultraviolet radiation,
exercise, etc. on DH;

« insufficient duration of test drug exposure and/or follow-up;

« insufficient or excessive time interval since DH reaction;

« insufficient provocative dose of the drug;

« development of desensitization during DPT.

Execution of DPT [1, 10]. Commercial therapeutic drugs
are commonly used as provocative agents, as there are no
standardized dosage forms for DT. Preference should be
given to those dosage forms that do not contain ingredients
capable of causing hypersensitivity (gelatin, lactose, etc.),
and it is also not recommended to use combined drugs (e.g.,
amoxicillin + clavulanic acid or articaine with epinephrine).

For patient safety reasons, it is preferable to start the test
with minimal doses taken orally. However, if the supposed
“offender” was previously used parenterally and will be
used in the same way in the future, then DT is completed in
conditions maximally similar to this normal exposure.

Provocative tests are performed under placebo control on
patients with anxiety and other subjective reactions that were
interpreted as “drug allergy” by other specialists and served
as the basis for referral to allergologist in order to establish
DH diagnosis. This is required to rule out false positive results
in patients with specific personality types and unintentional
neurotic reactions to taking various drugs, which frequently
arise as expectation neurosis after a disturbing experience
with previous treatment, which resulted in the development
of either true DH or other significant side effects. The placebo
response assures both the clinician and the patient that the
previous response was not caused by the suspected drug
(one or more). Generally, after the entrance provocative test
with placebo and psychotherapeutic conversation with the
patient, further gradual stepwise increase in the dose of the
required drug passes without complications.

Commonly used standardized protocols include DT
with ASA, local anesthetics, and beta-lactam antibiotics
[1, 10, 11, 16].
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TREATMENT

To begin, the offending drug must be discontinued and, if
necessary, replaced with a drug that has no cross-reactivity,
i.e., has no commaon antigenic determinants in IgE-dependent
allergies, or that does not similarly affect non-immunological
mechanisms of DH (for example, potent COX-1 inhibitors in
aspirin / NSAID-dependent non-allergic urticaria or any ACE
inhibitor if one of them caused AE) are excluded.

Urticaria and associated AE symptoms are relieved in
accordance with the general treatment principles for these
conditions [3, 4]. Antihistamines are commonly positioned
as first-line drugs that can be used as monotherapy for
non-severe, non-life-threatening forms of urticaria and
AE. Since the withdrawal of the offending drug already has
an effect, this treatment is usually sufficient. The safest
use of antihistamines Il generation is orally in age-specific
therapeutic doses.

More intensive antihistamine treatment is used in
generalized urticaria in conjunction with AE. Parenterally
administered drugs of the first generation have a rapid
onset of action (clemastine or chloropyramine). Given the
variety of side effects of these drugs, treatment is switched
to second-generation antihistamines after the most severe
manifestations are controlled.

Systemic corticosteroids are administered intravenously
in severe cases of the disease, similar to anaphylaxis [4].
The GCS dose is determined on an individual basis based on
the initial severity of clinical manifestations and response
to therapy. It should be noted that severe urticaria in
conjunction with AE could be a symptom of anaphylaxis, for
which epinephrine is the first-line treatment. Even if there
are no signs of involvement of other systems or hypotension,
epinephrine is used if the patient has symptoms of laryngeal
AE. A 0.01 mg/kg dose of epinephrine (adrenaline) solution
at a concentration of 1 mg/ml is injected intramuscularly into
the middle of the anterolateral thigh, with a maximum dose
of 0.5 mg for adults and 0.3 mg for children. In case of larynx
AE development with ineffectiveness of conservative therapy,
emergency intubation or tracheostomy is recommended [3, 4].

Therapy for isolated AE depends on its pathogenetic
variant. Histamine AE is treated according to the same
principles as urticaria, and in case of laryngeal edema, the
patient is immediately treated as a patient with anaphylaxis.
First of all, epinephrine is administered intramuscularly,
if necessary, injections are repeated every 5-15 minutes.
In patients with AE of upper respiratory tract, in case
of ineffectiveness of antihistamines and GCS in urgent
situations, it can be difficult to exclude HAE or AAE, so it is
recommended to administer fresh frozen blood plasma
(it contains a C1 inhibitor) [3, 6, 12]. With further progression
of larynx AE, intubation or tracheostomy is required.

Acute drug-induced adverse events associated with impaired
bradykinin degradation (see Table 1) have yet to be treated.
There is a widespread belief that GCS and antihistamines are
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ineffective in this type of AE because there are no inflammatory
mediators that antiallergic drugs affect. The commonly
observed gradual improvement in AE caused by ACE inhibitors
is thought to be due to the action of GCS and antihistamines,
rather than the withdrawal of the offending drug. In the absence
of improvement, frozen plasma, as in HAE or AAE, may be
administered. In severe cases of drug-induced bradykinin
AE (e.g., larynx AE or AE with abdominal involvement), use
of bradykinin receptor antagonist, kallikrein inhibitor, and
administration of C1 inhibitor have been studied in small groups.
The data on effectiveness of these drugs is mixed, and when
clinically indicated, the most important intervention is airway
management. Although fatal outcomes in ACEl-associated AE
have been described, they are very rare [12, 13].

If the drug-induced a relapse (attack) of AE in patients
with known HAE diagnosis, then exacerbation therapy is
carried out in accordance with clinical recommendations [6].

PREVENTION

It is necessary to include clinical diagnosis and
information about the patient’s DH, possible cross-reactivity,
and recommendations for adequate replacement of offending
drug with other, safer drugs in the patient's medical
records [3]. It is critical to educate the patient and his family.

In cases of IgE-mediated urticaria and AE, where
a repeated course of treatment or permanent therapy is
necessary, the simplest option for further management of
a patient with confirmed DH is to take a safe and effective
unrelated drug. Second-line therapies, on the other hand,
may carry additional risks, such as toxicity and higher costs.
Penicillin allergy is a good example of these issues. Patients
with this diagnosis are usually prescribed non-beta-lactam
antibiotics that can be more expensive, cause serious side
effects, and in some cases are less effective. Patients
usually take quinolones, macrolides or vancomycin, but the
use of these broad-spectrum antibiotics contributes to the
development and spread of antibiotic resistance [10, 19].

In the case of penicillin allergy, the exclusion of all
beta-lactam antibiotics, or at least cephalosporins, has
recently been recommended. This approach has now been
modified: it was discovered that side chains of penicillins
and cephalosporins, rather than the beta-lactam ring, can be
cross-antigens. It has been demonstrated that if treatment
with a drug with a similar chemical structure is required, it
can be carefully selected using skin tests and/or DPT, and
this does not only apply to beta-lactams [10, 19].

If an IgE-mediated allergy to a specific NSAID is
diagnosed, the patient can use chemically unrelated drugs
safely. However, if tolerance to other drugs is doubtful based
on anamnesis, prescription of NSAIDs from a different group
is possible after DPT [11].

In cases of allergic urticaria/AE, if it is necessary to
administer a vital drug, to which the patient supposedly or
definitely has DH, and there are no safer and equally effective
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drugs as the “offender,” desensitization is possible. The

first successful desensitization in its modern form started

with penicillin. To date, protocols have been developed and
published for other antibiotics, co-trimoxazole, HIV drugs,

ASA, insulin, allopurinol, omeprazole, cancer chemotherapy

drugs, as well as biological drugs [10, 11, 20-22].

To avoid exacerbations of spontaneous chronic urticaria
with non-immunological DH to NSAIDs, avoid high doses
of ASA and all non-selective NSAIDs, while strict exclusion
of these drugs has no effect on the disease’s main clinical
course. If an NSAID is required in conjunction with a specific
drug (including COX-2 inhibitors), a placebo-controlled DPT
should be performed. The majority of patients (75%—90%)
tolerate selective COX-2 inhibitors such as meloxicam and
nimesulide, as well as paracetamol. Opioids can be used as
an alternative analgesic, but they are nonspecific histamine
liberators and can worsen chronic urticaria and AE in some
cases. This is why some patients with severe disease course
require DPT with opiates. In case of developing a mild
reaction to any or many of mentioned drugs and in case of
strict justification for their prescription, antihistamines are
used prior to drug administration [5, 10, 11].

Primary and secondary prevention of arterial thrombosis
in cardiovascular diseases may become an issue in patients
with aspirin-dependent chronic urticaria and AE, because
drugs containing ASA are most commonly used due to their
favorable cost-effectiveness ratio. Low doses of ASA as an
antithrombotic agent are generally well tolerated by this
group of patients with chronic urticaria and AE. If a reaction
to low doses of ASA occurs, it is possible to replace it with
ticlopidine or clopidogrel. In contrast to aspirin-induced
respiratory disease, the effectiveness of ASA desensitization
in chronic urticaria/AE is debatable [7, 10, 11].

Isolated cases of chronic urticaria and histamine
AE provocation have been described in women taking
estrogen-containing drugs; in such cases, the issue of their
withdrawal must be addressed [7].

The prevention of immediate reactions to ICCA is a current
issue.

In recent years, studies have been conducted to increase
understanding of the possibilities of a differentiated approach
to patient management when appointing contrast-enhanced
X-ray examination [23]. As a first step, it is advised to assess
the likelihood of developing a hypersensitivity reaction.
Patient history and clinical assessment of comorbidities that
may be a risk factor for DH are used to stratify patients:

« high-risk patient: history of DH reaction to ICCA;

« low risk patient: no history of DH to ICCA, but has
comorbidity—uncontrolled asthma, active urticaria/AE,
mastocytosis;

« very low risk patients include persons with history of
hypersensitivity reactions to food and to any drugs, including
iodine-containing antiseptics (povidone-iodine, etc.).
Assigning a patient to one or another gradation determines

further tactics of their management.
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1. High-risk patients

Alternative imaging methods or other diagnostic methods
(e.g., ultrasound) are recommended for high-risk patients
first. If a diagnosis cannot be made without the use of
contrast-enhanced X-rays, magnetic resonance imaging and
a new class of contrast agents containing gadolinium instead
of iodine should be used (gadopentetic acid, gadoxetic acid,
gadodiamid, etc.). These medications have a significantly
lower ability to induce DH.

If a contrast-enhanced X-ray examination using ICCA
is not possible, then tactics vary depending on the urgency
of the situation. If the examination is routine, skin testing
is recommended to assess the pathogenesis of previous
reactions (immunological or non-immunological), followed
by ICCA selection based on skin test data and cross-reactivity
(if the “offending” drug is known). When replacing with
alternative ICCA, risk of reaction still remains, therefore, oral
premedication with GCS (40 mg of prednisolone or equivalent)
is used 12 hours and 2 hours prior to examination. Additionally,
10 mg of cetirizine is taken 1 hour before contrast injection.

When an ICCA test is not possible and the drug that
caused the hypersensitivity reaction is known, the drug is
replaced with another, taking into account cross-reactivity. If
the “offender” drug cannot be identified, the least reactogenic
drug is chosen (non-ionic monomeric ICCAs group).
Premedication is accomplished through an intravenous
drip infusion of 200 mg hydrocortisone and antihistamines
(clemastine or chloropyramine in therapeutic dose). To obtain
a protective effect, these drugs should be taken no later than
60 minutes before the examination. ICCA is administered
during vital function monitoring. If the previous reaction was
urticaria/AE or bronchospasm, an anesthesiologist should
be immediately available to attend an emergency. In the
presence of an anesthesiologist and resuscitation equipment,
a contrast-enhanced X-ray examination is performed in
patients with a history of anaphylaxis.

The efficacy of the two described premedication
regimens, depending on the urgency of the situation, has
been demonstrated in clinical trials with a high level of
evidence [23].

2. Recommendations for patients
with concomitant disease (uncontrolled asthma,
active urticaria/angioedema, mastocytosis)

If the situation is not urgent, postpone the examination
and instead prescribe or strengthen basic therapy until
the underlying disease is controlled. Then, using non-ionic
monomeric ICCA or gadolinium-containing contrast agents,
perform a contrast-enhanced X-ray study. When using ICCA
as a contrast agent, oral GCS and antihistamine premedication
is used to reduce the risk of reaction [3, 23].

In emergency situations, when there is not enough time
to control concomitant disease, premedication is performed,
similarly to the high-risk group: intravenous administration of
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hydrocortisone and antihistamines. Asthmatic patients should
also take a short-acting 2-agonist 30—-60 minutes before
the study.

3. Very low risk patients

Persons with a history of hypersensitivity reactions
to food or drugs, including iodine-containing antiseptics,
pose the least concern. It has recently been demonstrated
that allergic contact dermatitis caused by iodine-containing
topical antiseptics is not a risk factor for ICCA hypersensitivity
[23, 24]. In particular, in a domestic study, application test
with iodine-containing antiseptics in patients with history
of contact allergy showed positive result, and skin tests
(application test, prick test, intracutaneous test) with various
ICCAs yielded negative results. Following that, all patients
in this group underwent various contrast-enhanced X-ray
examinations with no adverse reactions [24].

There are no special recommendations for patients with
a history of extensive skin manifestations and systemic DH
syndromes caused by various drugs for the prevention of
ICCA reactions proven by evidence-based studies. According
to empirical evidence, these patients usually tolerate ICCA
well. The same is true for patients who have food allergies.
In real-life clinical practice, however, if food allergy is
manifested by recurrent urticaria and/or AE, premedication
with oral GCS and antihistamines is performed to reduce the
risk of nonspecific histamine release from basophils under
the influence of ICCA [3, 23].

If the patient is taking B-blockers, the risk of bronchospasm
and anaphylaxis increases with the introduction of ICCA, and
ACE inhibitors can be triggers for development of AE. As a
result, if contrast-enhanced X-ray examination is performed
routinely, the supervising doctor should also consider drug
cofactors, and, accordingly, consider the issue of replacing
B-blockers and ACEls with alternative drugs in advance.

Prevention of drug-induced bradykinin
angioedema

With AE caused by ACE inhibitors, all drugs of this group
should be avoided; lowering the dose does not result in
significant improvement, despite the non-immunological
mechanism of development. It is necessary to inform the
patient that AE symptoms may recur for some time after ACEI
withdrawal. If any other ACE inhibitor is prescribed after the
AE manifestations have disappeared, then the disease usually
returns, and the afflictions become more severe.

Recommendations for the substitution of ACE inhibitors
with other drugs in patients with cardiovascular pathology are
pertinent. Although ACE inhibitors and angiotensin receptor
blockers (ARBs) have many common cardioprotective effects,
the mechanism by which AE develops as a result of ARB use is
unknown. Data on AE incidence with ARB treatment is rather
contradictory [25]. For example, in a large study involving
467,313 patients who started ARB treatment, 288 cases of
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AE (or 0.006%) were registered, but the frequency of this
adverse drug reaction was similar for B-blockers. In a meta-
analysis of 19 studies, the overall incidence of AE with ARB
treatment was not significantly different from placebo. There
are current recommendations for patients with ACEl-induced
AE who require ARB treatment in the absence of HAE or AAE
types 1 and 2 signs. Treatment with these drugs is possible
if patients are carefully monitored to assess possible adverse
drug reactions. Another approach is to wait at least 4 weeks
after discontinuing ACEl therapy before beginning ARB
treatment. However, this is only acceptable if the patient
can safely manage without drugs for a specified period of
time or a replacement has been made with drugs of other
groups. Taking into account possible contraindications,
B-blockers, diuretics, calcium channel blockers, and other
antihypertensive drugs can be considered [25].

Patients should avoid using ACEls, ARBs, estrogens,
and thrombolytic therapy with recombinant human tissue
plasminogen activator (alteplase) to prevent drug-induced
relapse of HAE, AAE, and idiopathic AE [7].

CONCLUSION

Drug-induced urticaria and AE have various forms that
differ in etiology and pathogenesis but are often clinically
difficult to distinguish. A thorough history is helpful in
determining the etiology of the condition, skin tests may be
informative with IgE-mediated allergies, and DPT may be
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