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ABSTRACT

BACKGROUND: The pathogenesis of angioedema induced by angiotensin-converting enzyme inhibitors is based on the ac-
cumulation of bradykinin as a result of angiotensin-converting enzyme blockade. The severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2) binds to the angiotensin-converting enzyme 2 receptor, which may inhibit its production and thereby
lead to an increase in bradykinin levels. Thus, SARS-CoV-2 infection may be a likely trigger for the development of angioedema.
AIMS: This study aimed to analyze cases of hospitalizations of patients with angioedema associated with the use of angio-
tensin-converting enzyme inhibitors and angiotensin receptor blockers during the coronavirus disease 2019 (COVID-19)
pandemic.

MATERIALS AND METHODS: This study retrospectively analyzed medical records of patients admitted to the Vitebsk
Regional Clinical Hospital between May 2020 and December 2020 with isolated (without urticaria) angioedema while
receiving angiotensin-converting enzyme inhibitors or angiotensin receptor blockers. In all patients, smears from the naso-
and oropharynx for COVID-19 were analyzed by polymerase chain reaction.

RESULTS: Fifteen inpatients (9 men and 6 women) aged 44—72 years were admitted because of emergent events, of which
53.6% had isolated angioedema. In two cases, a concomitant diagnosis of mild COVID-19 infection was established with
predominant symptoms of angioedema, including edema localized in the face, tongue, sublingual area, and soft palate. All
patients had favorable disease outcomes.

CONCLUSIONS: Patients with angiotensin-converting enzyme inhibitor-induced angioedema may require hospitaliza-
tion to monitor upper respiratory tract patency. There were cases of a combination of angiotensin-converting enzyme
inhibitor-induced angioedema and mild COVID-19. Issues requiring additional research include the effect of SARS-
CoV-2 infection on the levels of bradykinin and its metabolites, the triggering role of COVID-19 in the development of
angioedema in patients receiving angiotensin-converting enzyme inhibitors/angiotensin receptor blockers, recommenda-
tions for the management of patients with angiotensin-converting enzyme inhibitor-induced angioedema, and a positive
result for COVID-19.
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AHHOTAIIUA

OBOCHOBAHME. B ocHoBe maroreHe3a aHTMOOTEKOB, MHAYLIMPOBAHHBIX MTPUEMOM MHTMOUTOPOB aHTMOTEH3UH-
IpeBpaniaoniero GepMeHTa, JISKUT HaKOIUIeHUE OpaIuKUHIHA B pe3yJIbTaTe 0J10Kaabl aHTMOTEH3MHIIPEBPAIAIOLIETO
depmenTa. Bupyc SARS-CoV-2, cBS3BIBasICh ¢ peLICITOPOM aHTMOTEH3UHIIpEBpallialoniero epMeHTa 2, BO3MOXHO,
MOJABJISIET €ro MPOAYKIIMIO, YTO B CBOIO OUYepeIb BEIET K MOBBIIIEHUIO YPOBHS OpanuMKuHuHa. Takum 00pa3oM, HuHOU-
mupoBaHue SARS-CoV-2 MoXeT SIBASITbCSA BEPOSITHBIM TPUTTEPOM Pa3BUTUSI AHTMOOTEKA.

Poccuiickuii aanepeonoeuveckuii ncypuan. 2021. T. 18. No 3. C. 5—15 Copyright © 2020 Pharmarus Print Media 5
Russian Journal of Allergy 2021;18(3):5—15 All rights reserved


https://doi.org/10.36691/RJA1460
https://doi.org/10.36691/RJA1460
https://crossmark.crossref.org/dialog/?doi=10.36691/RJA1460&domain=PDF&date_stamp=2021-10-06

ORIGINAL STUDY ARTICLES DOI: https://doi.org/10.36691/RIA1460

HEJIb — aHanu3 ciyvyaeB TOCOUTAIM3ALMIA TAlMEHTOB C aHTMOOTEKAMM, aCCOLIMMPOBAHHBIMM C TIPUEMOM MHTHUOM-
TOPOB aHTMOTECH3MHIIPEeBpaIamero ¢pepMeHTa U 6JIOKATOPOB aHTMOTCH3MHOBBIX PEIICIITOPOB B IICPUO TTAHAEMUN
COVID-19.

MATEPHUAJI 1 METO/JBI. [IpoBenéH peTpoCIeKTUBHEIN aHAIN3 MEIUIIMHCKUX KapT CTAllMOHAPHBIX IMAIlMeHTOB,
TOCTIUTAIN3MPOBAHHBIX B BUTEOCKYI0 001aCTHYIO KIIMHIUYECKYIO OOJBHUILY B Mae-mekaope 2020 roma ¢ m301UpoBaH-
HbIMU (0€3 KpalmMBHUIIEI) aHTHUOOTEKAMU Ha (poHe mpuéMa MHTHOMTOPOB aHTMOTCH3MHIIPEBPAIIAIOIIETO (hepMeH-
Ta WX OJIOKAaTOPOB aHTMOTCH3WMHOBBIX PELENTOPOB. BceM marimeHTaM ObUIM B3SITHI Ma3KW M3 HOCO- U POTOTTIOTKH
Ha COVID-19 MeTomoM IoInMepa3HOi EITHOM peaKIInu.

PE3YJIBTATBI. [1o sKCTpeHHBIM MOKAa3aHUSIM FOCIIUTAIU3UPOBAHO 15 mauueHToB (9 MyXYMH U 6 XKEHIIUH) B BO3-
pacte 44—72 neT, 4TO cocTaBUIIO 53,6% BCex MALIMEHTOB ¢ U30JIMPOBAHHBIMU AHTMOOTEKAMU. B IBYX ciiy4asix ycTaHOB-
JIeH comyTcTBytommii nuarao3 nHdekimm COVID-19 nérkoro TeuyeHus ¢ mpeobiiagaHneM B KIIMHUIECKOM KapTUHE
CHMIITOMOB aHTHOOTEKA C JIOKAJIM3alnel B 00IaCTH JINIIA, SI3bIKa, TIOOBSI3BIYHON 00J1aCcTH, MATKOTO HEOA. Bee marm-
SHTBI UMEJTA OJIAaTONIPUSITHBIN MCXO 3a00JICBaHMS.

SAKJTIOYEHHUE. IMamueHTH ¢ aHTHOOTEKAMU, MHIYIUPOBAHHBIMY MHTHOMTOPAMH aHTHOTECH3WHIIPEBPAIIIAIOIIETO
(bepMeHTa, MOTYT HYXKIAThCSI B TOCITUTAIIM3ALINH C 1IEJTbI0 MOHUTOPUHTA ITPOXOIUMOCTH BEPXHUX IBIXaTEIbHBIX ITyTCH.
BrIsiBIIeHBI CiTyd9an codeTaHUsI aHTHOOTEKA Ha (hOoHe TTpUEéMa MHTHONTOPOB aHTHMOTECH3WHIIPEeBpaIlalomero hepMeHTa
n nHbeknuu COVID-19 nérkoro teyeHms. Bompockl, TpeOytomue TOIMOTHUTEIBPHBIX UCCICIOBAaHUI: BIUSIHIE WH-
dummposanmsa SARS-CoV-2 Ha ypoBHU OpaIuKMHWHA 1 €T0 META0OJUTOB; TpUITepHas poJib nHbpeknu COVID-19
B Pa3BUTHU aHTUOOTEKOB Yy ITAIIMCHTOB, TTOIYJAIOIINX MHIMONTOPH aHTMOTCH3MHIIPEBPaIIaroIiero hepMeHTa,/010Ka-
TOPBI AHTMOTEH3UHOBBIX PELIENTOPOB; PEKOMEHAAMHU 10 BEACHUIO MAIMEHTOB C AaHTUOOTEKAMU, MHIYLIUPOBAHHBIMUA
MHTUOMTOPaMU aHTMOTEH3WHIIPEBpAIIaroIiero depMeHTa, U IMOJ0XUTeIbHBIM pe3yabTaToM Ha COVID-19.

Karouesnte caoéa: aHTMOOTEK; MHTMOUTOPHI aHTMOTEH3WHITPEBPAILIAloIIero hepMeHTa; 0JI0OKaTOPhl aHTMOTEH3MHOBBIX
perienTopoB; opanukuHuH; COVID-19
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Abbreyviations

ACEi — angiotensin-converting enzyme inhibitors
HAE — hereditary angioedema

PCR — polymerase chain reaction

RAAS — renin-angiotensin-aldosterone system

AE — angioedema

ACE?2 — angiotensin-converting enzyme 2
AT — angiotensin

ARB — angiotensin receptor blockers

BK — bradykinin

our data, 44.8% of patients (total patients = 87) of the
Vitebsk Regional Clinical Hospital were hospitalized for
emergency indications with isolated AE in 2012 and had
the reaction caused by the intake of ACE inhibitors [6].
Among patients seeking emergency care, up to 16% of
patients required intubation, and 1% needed a trache-
ostomy. Rapid onset of symptoms, involvement of the
tongue, soft palate or larynx, symptoms of salivation,
and respiratory distress are associated with a higher risk

Background

Angiotensin-converting enzyme (ACE) inhibitors and
angiotensin receptor blockers (ARB) rank high in treating
arterial hypertension and chronic heart failure. In addi-
tion, they are used to preserve renal function in patients
with diabetes mellitus and chronic kidney disease. About
40 million people worldwide use ACE inhibitors, and
the widespread use of this group of drugs has led to an
increase in the prevalence of adverse drug reactions [1, 2].

Angioedema (AE) can generate potential life-threat-
ening side effects in 0.1-0.7% of individuals receiving
ACE inhibitors and somewhat less frequently while taking
ARBs (0.1%) [3]. Among all cases of AE requiring hospi-
talization in the emergency department, the proportion
of ACEi-induced AE is 30—40% [4, 5]. According to

of intubation [7].

AE caused by ACE inhibitors belongs to acquired
bradykinin-mediated AE, and the vasodilating peptide
bradykinin (BK) plays a key role in their pathogenesis.
ACE inhibitors provide a decrease in the formation of
angiotensin (AT) II and prevent the conversion of BK
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into inactive metabolites, leading to its accumulation [8].
BK is also expected to participate in the development of
AE when taking ARB [9, 10]. Thus, according to experi-
mental data, one of the consequences of the blockade of
AT receptors is a reactive increase in AT-1I formation.
The effect of AT-11 on AT?2 receptors leads to an increase
in the BK level [9].

New drugs are being introduced into clinical practice
that affect the renin-angiotensin-aldosterone system
(RAAS) and can affect the BK metabolism, in particular,
the neprilysin inhibitor sacubitril (used in fixed combi-
nation with valsartan), hypoglycemic drugs of the class
of dipeptidyl peptidase 4 inhibitors (DPP4) [11]. BK is a
nonapeptide that is cleaved from high molecular weight
kininogen by plasma kininogenase. Its biological effect
is implemented by activating B2 receptors located in the
membranes of endothelial and smooth muscle cells. The
resulting BK is rapidly inactivated by enzymatic degrada-
tion, mainly under the action of kininase II (ACE), as
well as neutral endopeptidase (neprilysin) and DPP4. In
addition, Carboxypeptidase N (kininase I) and amino-
peptidase P (APP) catabolizes BK, forming partially ac-
tive products. Angiotensin-converting enzyme 2 (ACE2)
is involved in the cleavage of the BK active metabolite
des-Arg9-bradykinin [2, 5]. It has also been revealed
that polymorphism of genes encoding the corresponding
molecules involved in the metabolism and action of BK
(APP, DPP4, B2 receptor, etc.) may play a role in the
development of AE when taking an ACE inhibitor. An
elevated local level of BK leads to increased release of ni-
tric oxide and prostaglandins. This enhances the vascular
permeability in the postcapillary and venular regions with
extravasation of fluid and the development of edema [2].

ACEi-induced AEs are pale, not itchy, not accompa-
nied by urticaria, and are often localized in the region of
the lips, tongue, pharynx, and larynx. The rare localiza-
tion of AE also includes the abdominal organs. Edema can
develop at different times from the beginning of the use
of ACE inhibitors. Risk factors include African American
origin, female gender, old age, smoking, and seasonal al-
lergies. AE can resolve spontaneously. However, the con-
tinued use of ACE inhibitors can cause a relapse [5, 11].
After discontinuation of ACE inhibitors, the probability
of AE recurrence remains approximately for 6 weeks by
suppressing the tissue ACE. During this period, prescrip-
tion drugs that reduce the RAAS activity to patients are
not recommended [11]. In patients with ACEi-induced
AE, the risk of such an adverse reaction when substituted
for ARB is lower than 10% (0 — 17%) [12].

Patients with ACEi-induced AE require timely diag-
nostics and emergency care with correction of therapy to
prevent recurrent episodes. The diagnosis is established
based on anamnesis, clinical presentation, ruling out
of histamine, and other types of bradykinin AE [5]. In
the case of suspected AE caused by the intake of ACEi/
ARB, these classes of drugs should be immediately
stopped and, if necessary, replaced by drugs of other

pharmacological groups. After discontinuation of ACE
inhibitors/ARB, edema usually resolves spontaneously
within 48—72 hours [2]. Patients with AE localization on
the face, neck, tongue, and larynx must be examined by
an otorhinolaryngologist to assess the patency of the glot-
tis and upper respiratory tract. The signs of obstruction
such as inability to swallow, salivation, stridor, cyanosis,
accessory muscle involvement in breathing, nasotracheal
intubation or tracheotomy/conicotomy should also be
examined promptly. Patients with AE of the tongue and
larynx require follow-up in the intensive care unit [2, 13].

Standard treatment for the relief of AE caused by mast
cell mediators includes administering antihistamines,
systemic glucocorticoids, and, in severe cases, epineph-
rine. However, with ACEi-induced AE, this therapy is
not pathogenetically justified and might be ineffective
[14]. In this regard, to relieve AE caused by the intake
of ACE inhibitors, a therapy aimed at BK, approved for
the treatment of acute attacks of hereditary AE (HAE)
was proposed. The therapy includes a blocker of BK type
2 receptors icatibant, an inhibitor of human C1-esterase,
and fresh frozen plasma. Currently, the advantages of
this approach in the treatment of ACEi-induced AE are
insufficiently proven and require further investigations
[2]. In a randomized controlled trial, M. Bas et al. [15]
showed a faster resolution of the symptoms of ACEi-
induced AE when using icatibant compared with standard
therapy with prednisolone and clemastine. However, the
efficacy of icatibant has not been confirmed in two other
randomized trials evaluating its effect compared with
placebo [16, 17]. In the occurrence of AE in patients
receiving an ACE inhibitor (especially for a long time),
various triggers are of great importance. Among the drugs
that can contribute to the development of AE during the
intake of ACE inhibitors, nonsteroidal anti-inflammatory
drugs, calcium antagonists, DPP4 inhibitors, mTOR
inhibitors (mammalian target of rapamycin), and other
immunosuppressants are indicated.

Trauma, surgical manipulations in the head or neck
area can be a provoking factor [2, 5, 8]. It is assumed that
COVID-19 infection may also trigger the development
of AE in patients receiving ACE inhibitors [18]. The
SARS-CoV-2 virus, by binding to the ACE2 receptor,
possibly suppresses the production of ACE2, which in
turn leads to an increase in the BK level [19]. Cases of
isolated AE have been described in patients infected with
SARS-CoV-2 and receiving ACE inhibitors [ 18, 20, 21].

The work aimed to analyze the cases of hospitaliza-
tions of patients with AE associated with the intake of an
ACE inhibitor or ARB during the COVID-19 pandemic.

Materials and methods

Study design

An observational single-center retrospective continu-
ous controlled study was conducted, which included a
comparative analysis of the medical records of patients
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hospitalized during the COVID-19 pandemic with AE
caused by the intake of ACE inhibitors/ARB, with cases
of isolated AE from other causes.

Inclusion criteria

The inclusion criteria were an established diagnosis
of AE.

Exclusion criteria were a combination of AE and
urticaria, established diagnosis of HAE; family history
of a confirmed diagnosis of HAE.

Conditions of conducting

The study was conducted in the Vitebsk Regional
Clinical Hospital (VRCH, Republic of Belarus). During
the study period, the patients aged 18 years and older
with emergency allergic pathology were hospitalized at
the VRCH.

Study duration

The enrollment period of the study was from May to
December 2020. Therefore, there was no offset of the
scheduled timeslots.

Description of the medical intervention

The study was performed using a continuous sample
of medical records of patients treated in intensive care
units and allergy departments of the Vitebsk Regional
Clinical Hospital with isolated (without urticaria)
AE from May to December 2020. Upon admission
to the hospital, all patients underwent a mandatory
laboratory study of biomaterial (nasopharyngeal and
oropharyngeal swabs) for the presence of concomitant
COVID-19 infection using the real-time polymerase
chain reaction (RT-PCR) method. For further analysis,
the study group included medical records of patients
who received ACE inhibitors/ARB and did not have
other obvious causes of the development of AE. The
Naranjo algorithm was used to establish a causal rela-
tionship between the development of AE and the use of
ACE inhibitors/ARB [22]. The control group included
patients with isolated AE but not associated with the
intake of an ACE inhibitor/ARB.

Main study outcome

Clinical and anamnestic data and laboratory and
instrumental examinations of AE patients while taking
ACE inhibitors/ARB were evaluated.

Additional study outcomes

Causative ACE inhibitors and ARB were analyzed.

Subgroup analysis

Hospitalized patients with isolated AE were distributed
into two groups: patients with an ACEi/ARB-induced AE
and a comparison group consisting of patients with AE but
not associated with the intake of ACE inhibitors/ARB.

Outcome registration methods

Analysis of indicators entered into the database
from medical records of hospital patients included de-

mographic indicators (gender, age); the main clinical
diagnosis and concomitant diseases; AE localization;
hospitalization in the intensive care unit; causative ACE
inhibitors/ARB and concomitant medications; anamnes-
tic data (episodes of AE, history of atopy, family history
of AE); data of basic laboratory (complete blood count,
biochemical blood test, coagulogram) and instrumental
(chest X-ray, electrocardiogram) studies; the results of a
qualitative determination of IgG/IgM to SARS-CoV-2in
blood serum and swabs from the nasopharynx and oro-
pharynx for COVID-19 by PCR.

Ethical considerations

The Committee approved the study design on the
Ethics of Clinical Trials of the Vitebsk State Order of
Friendship of Peoples Medical University, protocol No.
7 dated 02.12.2020.

Statistical analysis

Principles for calculating the sample size. The sample
size was not pre-calculated.

Statistical data analysis methods included Statistica
10.0 software (StatSoft Inc., USA) and Microsoft Of-
fice Excel 2016 (Microsoft Corporation, USA) for data
processing. The median (25—75% interquartile range)
of the patients’ age was calculated as Me (25; 75); the
Mann—Whitney test determined the significance of
differences in quantitative indicators. The two-tailed
Fisher’s exact test determined the frequency of qualitative
features. The results were considered to be statistically
significant at p < 0.05.

Results

Objects (participants) of the study

In the study, we retrospectively assessed the medical re-
cords of 28 patients hospitalized for emergency indications
at the VRCH from May to December 2020 with isolated
AE. The group of patients with ACEi/ARB-induced AE
included 15 patients (9 men and 6 women) who received
treatment with ACE inhibitors/ARB and had no other
obvious causes of the development of AE. The share of
AEs caused by intake of ACEi/ARB was 53.6%. According
to the Naranjo algorithm, a causal relationship with the
intake of ACE inhibitors/ARB was determined as probable
in 12 patients (80%) and as possible in 3 patients (20%).
The patients were 44—72 years old; Me 59 (55; 62) years
old. The comparison group included 13 patients (6 men
and 7 women) aged 19—72 years; 47 (34; 62) years old.
The difference in age with the ACEi/ARB-induced AE
group was statistically insignificant (p = 0.19). Thus, in
the comparison group, AE was caused by drugs in 4 out
of 13 cases, by food in 1 out of 13 cases; and in 8 out of 13
patients, the cause of AE has not been established.

Key research findings

The characteristics of patients with ACEi/ARB-
induced AE are presented in Table 1.
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The localization of edema was noted in the face,
tongue, and soft palate (Fig. 1). Peripheral AE was not
found either in the study group or in the comparison
group. The frequency of admissions to the intensive care
unit of AE patients while taking an ACEi/ARB was 20%
(3/15) and did not differ significantly from the group of
patients with isolated AE, not associated with intake of an
ACEi/ARB (4/13); p = 0.67. In the study group, repeated
episodes of AE were noted in 9/15 patients, including in
3 cases associated with repeated use of ACE inhibitors;
2 patients out of 15 had atopy/bronchial asthma in his-
tory; family history of AE was absent. All patients received
an ACEi/ARB for arterial hypertension; monotherapy
was used in 7 out of 15 cases, combination therapy was
used in 5 cases out of 15, and 3 out of 15 patients used
ACE inhibitors irregularly. The majority (13; 86.7%) of
patients had concomitant chronic diseases, and in 53.3%

of cases, they took drugs from other groups together with
antihypertensive drugs. In the comparison group, 6 out
of 13 patients had AE in the history; 3 out of 13 patients
had concomitant atopy or bronchial asthma; in 1 case out
of 13, a family history of AE was indicated; concomitant
chronic diseases were noted in 11 (84.6%) cases. The level
of C-reactive protein was determined in 23 out of 28 pa-
tients. An increase in C-reactive protein level was found
in43% of cases in the ACEi/ARB-induced AE group and
22% of cases in the comparison group (p = 0.39). The
level of the C4 component of complement in the studied
medical records was not determined.

Nasopharyngeal and oropharyngeal swabs were taken
from all patients for COVID-19 by PCR. A qualitative
method performed the determination of IgG/IgM to
SARS-CoV-2 by 23 (82%) patients. In the group of
patients with ACEi/ARB-induced AE, IgG/IgM was

Table 1. Characteristics of patients with angioedema induced by angiotensin-converting enzyme inhibitors/angiotensin

receptor blockers

Localization of AE | 1CU | AAGE/ | Mode of application | onePmi= | AR episocesn | (e IEM 1 per
I\?ﬁi‘j‘;’i’;:fé}f:;?e Yes Cﬁz ;ﬁg gilr Single intake No Yes /Lisinopril negative negative
Lips, cheek No Lisinopril R?ﬁ??;’g;ike No No negative negative
Cheek No Enalapril 1 week Yes Yes /Lisinopril - negative
Lip, cheek No Enalapril Regular intake Yes Yes /Enalapril negative negative
Face, tongue No Enalapril Regular intake Yes Yes - positive
;l;?bri?r?geﬁ;lo rf;gﬁilr?te’ Yes Enalapril l;zgruéar;iong?}ll(se Yes No negative. positive
Face, tongue No Losartan Regular intake No Yes negative negative
Lips, cheek No Enalapril Regular intake No Yes negative negative
Face No Perindopril Regular intake Yes Yes Ié]\é[ gg:llgzg negative
Tongue No Losartan Regular intake Yes No Ilg%/l pp;(:;tiit?\?e negative
Soft palate uvula No Captopril Single intake Yes Yes negative negative
Tongue Yes Captopril Single intake No No negative negative
Soft palate uvula No CE?;?{;f Regtlldlg;;?t;arllm of Yes No negative negative
Lips No Lisinopril Regular intake Yes Yes IIggl\é gg‘iiﬁ;’: negative
Face No Losartan Regular intake No No - negative

Note. AE — angioedema; ICU — intensive care unit; ACEi — angiotensin-converting enzyme inhibitors; ARB — angiotensin re-

ceptor blockers; D — drugs; PCR — a polymerase chain reaction.
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Fig. 1. Localization of angioedema.

determined in 12 cases out of 15. The positive result of
IgG to SARS-CoV-2 was detected in 1 case, and those
of IgG and IgM were revealed in 2 cases (PCR test result
was negative). In 2 cases, a positive PCR test result was
obtained, and a concomitant COVID-19 infection was
diagnosed. Patients with AE and COVID-19 did not
increase body temperature, changes on a chest X-ray,
or a decrease in the oxygen level in the blood; there was
only an increase in C-reactive protein level and 1 case an
increase in the level of D-dimer. AE was localized on the
face, tongue, sublingual region, and soft palate.

In the comparison group, the determination of IgG/
IgM to SARS-CoV-2 was performed in 11 cases out of
13. Positive IgG results were registered in 2 cases, that of
IgM was revealed in 1 case, and those of IgG and IgM
were registered in 1 case (PCR test result was negative).
In addition, a positive PCR test result was obtained in
1 patient with lip and cheek AE of unclear etiology, and
a simultaneous diagnosis of asymptomatic COVID-19
infection was established.

Treatment of AE included parenteral administration
of systemic glucocorticoid (dexamethasone), H -anti-
histamines (clemastine, chloropyramine), and, in some

Losartan; 3

Perindopril; 1 _a

Lisinopril; 2

Enalapril; 5

Soft palate Combination of
angioedemas of different
areas (face/tongue/soft
palate)

cases, furosemide. In AE patients, while taking ACE
inhibitors/ARB, these groups of drugs were cancelled.
If basic arterial hypertension therapy was required, they
were replaced with antihypertensive drugs from the cal-
cium antagonists and/or thiazide-like diuretics group.
All patients had a favorable outcome of AE.

Additional research outcomes

The distribution of patients depending on the type of
causative ACE inhibitor/ARB is presented in Fig. 2. The
most common causes of AE development were enalapril
and captopril. In 2 cases, long-acting ACEi and ARB
were used in conjunction with captopril.

Discussion

Summary of the main research outcome

ACEi-induced AE can have life-threatening localiza-
tion and require hospitalization. An infection caused by
SARS-CoV-2 is discussed as a possible trigger for devel-
oping this type of AE. In our study, cases of a combination
of AE during the intake of an ACE inhibitor and a mild
COVID-19 infection were revealed.

Captopril +
| | Lisinopril; 1
Captopril +
Losartan; 1

Captopril; 2

Fig. 2. Causal angiotensin-converting enzyme inhibitors / angiotensin receptor blockers.
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Discussion of the main research outcome

AE induced by intake of an ACE inhibitor can ob-
struct the upper airway and lead to asphyxia. The diag-
nosis of ACEi-induced AE is established based on clinical
and anamnestic data, and there are no diagnostic tests
to confirm it. Until now, there is no approved approach
of drug therapy for this type of bradykinin AE. Thus,
the analysis of clinical characteristics, management ap-
proach, and possible trigger factors of AE caused by ACE
inhibitors/ARB is important for improving the diagnos-
tics, treatment, and prevention of the development of this
potentially life-threatening adverse reaction. Intake of an
ACE inhibitor is one of the most common causes of de-
veloping isolated AE that requires urgent care [4]. In our
study, AE patients taking ACE inhibitors/ARB accounted
for about half of all hospitalization cases for isolated
AE. According to the literature, risk factors for ACEi-
induced AE are over 65 years and female gender [5]. In
this study, the median age of patients with AE caused by
ACE inhibitors/ARB was 59 years; distribution by gender
showed some predominance of men (60%), and such
results may be associated with the small size of the study
group. Comparable data are presented in the recently
published work by A. Pfaue et al. [23]. A retrospective
analysis of medical records of patients hospitalized with
isolated AE in the otorhinolaryngology department was
conducted. The proportion of patients with AE caused
by drugs blocking the RAAS (ACE inhibitors, ARB, and
renin inhibitors) was 41% (84 out of 203 patients), the
average age was 71 years (43—94 years), and the ratio of
women to men was 48% and 52%, respectively.

According to our data, enalapril and captopril caused
most commonly the development of drug-induced AE,
which is associated not with the peculiarities of these
molecules but with the frequency of their use. Further-
more, in various studies, the ratio of causative ACE
inhibitors/ARB differed depending on the region and
the time of their conduct [1, 23, 24].

Localization of AE in the face and oral cavity, estab-
lished in our study, is typical for this type of AE. With
isolated AE of the soft palate uvula, which was noted in
2 cases, differential diagnostics with uvula edema is re-
quired due to snoring (taking into account the presence of
snoring, sleep disturbances, apnea) [23]. Life-threatening
localization of AE, which required hospitalization in the
intensive care unit, was established in 20% of patients.

There were no cases of intubation and tracheostomy.
A favorable outcome in all cases analyzed was probably
due to the timely cancellation of ACE inhibitors/ARB
or the independent resolution of AE. The small size of
the study group should also be considered. In a study
by A. Pfaue et al. [23], the risk of emergency intubation
and/or tracheostomy was 9 times higher in patients with
AE caused by drugs blocking the RAAS compared with
patients with AE induced by other causes (odds ratio
9.077; 95% CI 1.072—76.859). The authors emphasize
the importance of doctors who work in emergency de-

partments about the clinical presentation and aspects of
therapy for this type of AE [23].

In the study group of patients with ACEi/ARB-
induced AE, there was a rather high frequency of repeated
episodes (60%), including those associated with repeated
intake of ACE inhibitors. Recurrent AE in patients
receiving ACEi/ARB may indicate a lack of awareness
among doctors about this adverse reaction. The problem
of underestimating general practitioners (therapists) of
the possibility of bradykinin-mediated AE during therapy
with ACE inhibitors is discussed in a recent study by L.
Mihaela et al. [24].

The inpatient records we studied also contained indi-
cations of the facts of self-medication, which is associated
with the possibility of over-the-counter sale of such drugs
as captopril, enalapril, and lisinopril. When establishing
the diagnosis of AE caused by intake of an ACEi/ARB,
it isimportant to inform the patient about the possibility
of a recurrence of edema, despite the cancellation of an
ACEIi/ARB, and the need to seek emergency help in this
case, as well as to explain the danger of self-medication.
In addition, it should be borne in mind that ACE inhibi-
tors/ARB can be trigger factors in HAE, acquired AE
with deficiency or impairment of the functional activity of
the Cl1 inhibitor, and idiopathic AE. In a study by Z. Balla
et al. [25], out of 149 patients with recurrent AE, while
taking an ACE inhibitor, 2 patients and 12 other family
members were diagnosed with HAE with C1 inhibitor
deficiency. In 3 cases, acquired C1 inhibitor deficiency
was detected. HAE without C1-inhibitor deficiency is a
rare form that, in its clinical presentation, may be similar
to ACFEi-induced AE, but a family history of AE is typical
in it. In this case, genetic testing is required to confirm
the diagnosis. In the Republic of Belarus, in the presence
of clinical and anamnestic data, the C4 component of
complement is determined as a screening for HAE, at
the republican level, both immunological (measurement
of the levels of C4, C1 inhibitor, C1q, determination of
the functional activity of C1 inhibitor) and genetic stud-
ies (sequencing the genes SERPINGI, FXII, ANGPTI,
PLG, etc.) are performed [26]. According to the medical
records we analyzed, there were no referral cases of pa-
tients to republican centers for HAE diagnostics. Patients
with relapses of AE need further follow-up and additional
examination at the outpatient stage, if necessary.

We were unable to estimate the period from the
beginning of intake of an ACE inhibitor to the onset
of AE due to insufficient information in the medical
documentation. According to the literature, the devel-
opment of AE is possible both in the early terms (first
weeks) and several years after the start of therapy [3].
In a retrospective cohort study by A. Banerji et al. [1],
which included 134,945 patients who received an ACE
inhibitor, in 0.7% cases, an ACE inhibitor-induced AE
developed during the first 5 years of administration. In
only 10% of them, AE occurred in month 1 of therapy.
The possibility of AE development during the long-
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term therapy with ACE inhibitors/ARB complicates
the diagnostics, and the factors contributing to the
development of AE often remain unclear. Studies have
been published in which an increase in C-reactive pro-
tein level was noted in AE induced by ACE inhibitors/
ARB. In addition, the role of inflammatory stimuli in
the emergence or maintenance of AE in some patients
was suggested [23, 27].

In December 2019, an epidemic of a new infectious
disease called COVID-19 began in China, caused by a
representative of the coronavirus family, SARS-CoV-2,
which spread worldwide. Endothelial dysfunction and
increased vascular permeability are characteristic patho-
logical signs of COVID-19 [28]. These phenomena can
lead to increased fluid extravasation and increased risk
of AE. The protective effects of ACE inhibitors/ARB are
believed to be associated with an increase in the expres-
sion of ACE2 and inhibition of excessive RAAS activity
through a decrease in the effects of AT-11. The binding
of SARS-CoV-2 to the ACE2 receptor can lead to sup-
pression of surface regulation of ACE2, thereby reducing
its protective effects and aggravating the adverse effects
of AT-II. A decrease in ACE2 expression disrupts its
role in the cleavage of several substrates, including BK
metabolites [18, 28].

Inthe described cases of the development of AE during
the intake of ACE inhibitors and COVID-19 infection,
the new coronavirus infection is considered a possible
trigger factor. Infection with SARS-CoV-2 can be a
“second blow” that leads to edema in patients receiving
this group of drugs. Management approach consisted in
cessation of an ACE inhibitor; in addition, in 2 cases,
systemic glucocorticoids and antihistamines were used
[20, 21], and in 1 case, tranexamic acid was used [18]. A
case of urticaria with AE as a premonitory symptom of
COVID-19 infection has also been published. The role of
histamine and BK in the development of AE, in this case,
is discussed [29]. The course of COVID-19 infection is
highly variable. In the analyzed cases of the combination
of ACEi-induced AE and COVID-19, the symptoms of
AE prevailed in the clinical presentation. The signs of an
upper respiratory tract infection (rhinitis, sore throat)
were probably concealed by symptoms of edema of the
oropharyngeal mucous membrane. In the comparison
group, a case of a combination of isolated AE of the lips
and a face with an asymptomatic course of COVID-19
was established.

Study limitations

The limitations of this study were its retrospective
nature and the short duration of the period analyzed.

Conclusion

Due to their proven efficacy in treating many car-
diovascular diseases, ACE inhibitors and ARB are
widely used in clinical practice. However, until now, AE
caused by intake of ACEi/ARB remains a complication

of pharmacotherapy, which is difficult to diagnose, with
insufficiently studied mechanisms of formation and ap-
proaches to treatment. Patients with ACEi-induced AE
may require hospitalization to monitor the patency of the
upper airway. The most common causes of drug-induced
AE among the analyzed cases were enalapril and capto-
pril. In patients with AE, while taking ACE inhibitors,
cases of mild COVID-19 infection were revealed with a
predominance of AE symptoms in the clinical presen-
tation with localization in the face, tongue, sublingual
region, and soft palate.

With the development of AE, a targeted collection
of anamnesis is required regarding the use of ACEi/
ARB and the symptoms of COVID-19, as well as PCR
examination for COVID-19 infection.

Questions requiring further research include the ef-
fect of infection with SARS-CoV-2 on the levels of BK
and its metabolites; the triggering role of COVID-19
infection in the development of AE in patients receiving
ACEi/ARB; recommendations for the management of
patients with ACEi-induced AE and a positive result
for COVID-19.
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