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Evolution of Views on Pathogenesis and Treatment of
Immunoglobulin A-Nephropathy: What’s New Today?

Pesiome

MMMyHorno6ynH A-HedponaTua ABaseTcA Hanbosiee pacnpoCcTpaHeHHON MMMYHHOM riIoMepy/ionaTueit B Mype. 3HaunTe/IbHasA SBO/IOLMA B3r/IA40B
Ha naToreHes v sie4eHue 3a60/1eBaHNA 0OCO6EHHO 3aMeTHa B MOC/eHUE rO/bl B CBA3M C MOAB/NEHMEM HOBbIX MCCNIA0BaTENbCKUX JaHHbIX. loKka3aHo,
4TO UMMYHOT 06y MH A-HedponaTus pa3BMUBaETCA B pe3y/ibTaTe M3MEHEHUA MMMYHHOrO OTBeTa C/IM3UCTBIX 060/104eK, NpeX/e BCEro HOCOrNOTKM
(TOH3UAANT) U KeNYAOUHO-KMLLEYHOTO TPaKTa. POCCMICKYHO MOMYASALMIO NALMEHTOB OTAMYAET BbICOKAsA pacnpoCTPaHEHHOCTb 3aboeBaHus, 6onee
3HauUTe/NbHble KAMHUKO-MOP(ONOrUYecKmne NPOABAEHNA U TeMMbI MPOrpeccrpoBaHus, 6o/1ee BbICOKas NPOTENHYPUA U PaCNpOCTPaHEHHOCTb apTe-
puanbHol runepTeHsun 1 6onee HU3Kas NOYEYHasA BbDKMBAEMOCTb, YeM B a3MaTCKOM 1 eBpoNeiicKoit nonyaauunsax. MMMyHorno6yanH A-vedponatus
ABNAETCA OHOMN U3 MPUYMH Pa3BUTUA TEPMUHA/IbHOM MOYEYHON HEJOCTAaTOUHOCTM U HEO6XOAUMOCTH MPOBEAEHUSA 3aMeCTUTE/IbHOMN NOYeYHON Te-
panuu MeToaMm Ananunsa v TpaHCMNaHTaLMM NOYKK, 4TO TpebyeT 60/1ee aKTUBHOMO NoAXoAa K Tepanuu. basncoM BeAeHUsA NaLMEHTOB C UMMYHO-
rnobynuH A-HepponaTueil, B COOTBETCTBUM C KAVHUYECKUMI PEKOMEHAALUAMY, ABNACTCA NOAAEPKMBAIOLLAA Tepanus, BKIKOYalLLan U3MeHeHNe
06pasa Ku3HU, KOPPEKLMIO AMETDI, @ TAKIKE MeANKAMEHTO3HYIO Tepanuio MHIMBUTOPaMM PEHWUH-AHMMOTEH3MH-a/IbJ0CTEPOHOBOM cucTeMbl (MPAAC)
U MHFMBUTOPaMU HAaTPUIA-TNIOKO3HOTO KOTpaHcnopTepa 2-ro Tuna (SGLT2). MeToaaMu ie4eHUs, NO3BOAAIOLMMU YMEHbLINTL BOCMANEHUE B KNy60u4-
Kax, ABAAOTCA UMMYHOMOZYAMUPYIOLLas U NPOTUBOBOCMAANTE/IbHAA Tepanusa. B npeAcTaBaeHHOM 1eKLMM U310XKEeHbI OCHOBaHHbIE Ha pe3y/bTaTax
K/IMHUYECKUX NCCEA0BaHMIA COBPEMEHHbIE B3r/IAAbl HA MATOreHes, AUArHOCTUKY 1 /Ie4eHue (B TOM YMC/E, Ha TOH3WUAISKTOMUIO, TPUMEHEHWE pbibbe-
IO YKMPa 1 PasNNyHbIE METO/AbI IMMYHOCYMPECCUBHOM Tepanum).

Knro4deBbie cnoBa: duazHocmuka, uMMyHOCYNpeCCUBHAsS Mepanus, UH2U6UMOpbI PeHUH-aH2UOMeH3UH-a/1500CMepOHOBOL CUCMEMbI, UH2UGUMo-
Pbl Hampuli-2/1lOKO3HO20 KOMpaHcnopmepa 2-20 muna
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Abstract

Immunoglobulin A nephropathy is the most common immune glomerulopathy in the world. Significant evolution of views on the pathogenesis and
treatment of the disease is especially noticeable in recent years due to the emergence of new data on the pathogenesis. It has been proven that
immunoglobulin A nephropathy develops as a result of changes in the immune response of the mucous membranes, primarily the nasopharynx
(tonsillitis) and gastrointestinal tract. The Russian population of patients is distinguished by its high prevalence, more significant clinical and
morphological manifestations and rates of progression, higher proteinuria and prevalence of arterial hypertension and lower renal survival than in
Asian and European populations. Immunoglobulin A nephropathy is one of the causes of terminal renal failure and the need for renal replacement
therapy using dialysis and kidney transplantation, which requires a more active approach to therapy. The basis for managing patients with
immunoglobulin A nephropathy, in accordance with clinical guidelines, is supportive therapy, including lifestyle changes, dietary correction, and
drug therapy with renin-angiotensin-aldosterone system (RAAS) inhibitors and sodium-glucose cotransporter type 2 (SGLT2) inhibitors. Treatment
methods that reduce glomerular inflammation include immunomodulatory and anti-inflammatory therapy. This lecture presents modern views
on pathogenesis, diagnostics, and treatment (including tonsillectomy, fish oil, and various immunosuppressive therapy methods) based on clinical
research results.

Key words: diagnostics, immunosuppressive therapy, renin-angiotensin-aldosterone system inhibitors, sodium-glucose cotransporter type 2 inhibitors
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Intr ion
troductio Russian [5] and KDIGO (Kidney Disease: Improving

Immunoglobulin A nephropathy (IGAN) was  Global Outcomes) [6] ones, were published in 2021.

described first by J. Berger in 1968 [1]. Immunoglobu-
lin A-associated nephropathy is an immune-mediated
glomerular disease with a high risk of renal failure. For
many years it was stipulated that IGAN described by
J. Berger as a mesangial nephritis with hematuria has a
benign course. However, currently it has been proven
that the disease often progresses to end-stage renal dis-
ease. This is demonstrated by the latest data — in par-
ticular, the median renal survival in patients with IGAN
in the UK is 11.4 years, while the mean age of reaching
renal failure/death is 48 years [2]. In Japan 50 % patients
with a 30-year history of IGAN have renal failure [3].
The Russian population of patients with IGAN features
more severe clinical & morphological manifestations
with quicker progression rates than in patients of other
ethnicities or geographical locations [4].

The latest clinical guidelines (CGs) on the diag-
nosis and treatment of IGAN, including the National

However, new data about specific pathogenetic IGA
mechanisms have emerged within the period after pub-
lishing CGs, with prospective treatment methods pro-
posed that are already currently available in the clinical
practice.

Today corticosteroids (CSs) are considered the first-
line drugs in the disease-modifying immunosuppressive
treatment (IST), with their confirmed evidence-based
efficacy [7]. However, the use of CSs even in relatively
low doses, including in combination with antimicrobial
prophylaxis, carries the risk of adverse effects and poor
tolerability. New data on the role of the intestinal muco-
sal immune system and B-cell stimulating cytokines in
the disease pathogenesis, as well as on the participation
of alternative and lectin complement pathways in the glo-
merular injury stimulate the analysis of new approaches
to IGAN treatment. In particular, a new method of IST
with ileal CS delivery has been developed — it provides
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efficient treatment with decreased toxicity risks. New
nephroprotective drugs (SGLT-2i, sodium-glucose
transporter 2 inhibitors) with proven efficacy have been
added to practice [8, 9].

Purpose

Informing therapeutic physicians about modern
insights into IGAN pathogenesis, diagnostic and treat-
ment methods in accordance with the latest international
and national (Russian) clinical guidelines (2021), as well
as treatment methods developed recently.

Epidemiology

IGAN is the most common form of primary glomeru-
lonephritis (GN) globally [1, 10]. The prevalence of mor-
phologically confirmed IGAN in Russia among all kidney
biopsies was 19.6 % in 2009-2014 and 23.6 % in 2014—
2019, while among primary glomerulopathies within
the same periods — 32.1% and 41.2%, respectively,
thus demonstrating an increasing trend from 1999 to
2019 [4]. The results of the study by V. A. Dobronravov
et al. (2019) demonstrated a high prevalence of IGAN in
Russia comparable to that in Asian countries (28-58 % of
all GN types in China, ~47 % in Japan), exceeding that in
Europe (10-35% of all GNs) [11].

Age, gender

The disease is most commonly diagnosed at the
age of 20-40 years [1]. It is prevalent in Eastern Asia
equally among males and females, while in Europe and
North America it occurs 3 times more frequently among
males [12]. Based on the retrospective study (2019),
in Russia the age of patients with primary IGAN was
34+12 with slight male predominance (55 %) [4].

Pathogenesis

IGAN is an immune complex disease with the for-
mation of immune complexes (ICs), in which galactose-
deficient immunoglobulin A1 (Gd-IgAl) is an autoan-
tigen formed as a result of weakened glycosylation of
specific regions in this immunoglobulin. Excessive anti-
genic stimulation of the oropharyngeal tonsillar cells in
chronic tonsillitis and cells in the inflamed distal small
intestine leads to the enhanced production of weakly
glycosylated IgA1 with autoantigenic properties, with
the activation of a classic and alternative (including
lectin) complement pathways. T-independent IgA pro-
duction on mucous membranes is regulated by cyto-
kines, including the proliferation-inducing ligand and
the B-cell activating factor. Binding with specific recep-
tors, ICs located on mesangiocytes in renal glomeruli

lead to the injury of the latter ones with the activation
of cytokine and growth factor production by renal cells,
with the development of specific morphological altera-
tions. Upper and lower respiratory tract infections,
acute bacterial or viral gastroenteritis, other infections,
immunizations, ultraviolet radiation can provoke this
process [5, 13].

The latest studies have proven the role of the gastroin-
testinal microbiome and food-borne antigens as triggers
of weakly glycosylated IgA1 formation [17]. The asso-
ciation has been detected between the impaired intesti-
nal microbiome and IGAN [14], as well as between the
specific microbial counts and the proteinuria level [15].
The role of intestinal microbiome in the pathogenesis of
IGAN has been confirmed with the intestinal microbi-
ome modulation using the fecal bacterial transplants in
patients, in particular in the Chinese population [16] —
in 6 months those patients had their daily proteinuria
decreased by 50%, serum albumin levels increased,
and their renal function stabilized. Patients with IGAN
also demonstrated the genetic predisposition of the
immune system of the intestinal mucosa to patholo-
gies [17].

Inflammatory bowel diseases (IBDs) may cause sec-
ondary IGAN and increase the risk of its progression to
end-stage renal disease [18]. Enhanced intestinal per-
meability is one of the factors predisposing to IGAN in
IBDs. However, in primary IGAN enhanced intestinal
permeability also correlated with elevated serum levels
of IgA-immune complexes [19].

IGAN may provoke the production of IgA antibod-
ies against food antigens — bovine serum albumin and
B-lactoglobulin of the cow milk, gluten (if eating gluten-
containing products, i.e. wheat, rye, barley) [20]. More-
over, anti-tTG2 antibodies were detected in the renal
mesangium in a patient with IGAN and celiac disease,
while the gluten-free diet led to remission of both celiac
disease and IGAN [21].

Based on new data on the pathogenesis of IGAN, new
prospectives have been discovered in the approaches
to treatment of this disease; new drugs and treatment
methods have also emerged and continue to be ana-
lyzed, including those aimed at blocking the alternative
and lectin complement activation pathways.

Clinical IGAN variants:

o primary IGAN;
o secondary IGAN developing in systemic diseases;
o IGA-vasculitis (Henoch-Schonlein disease).
IGAN may have an asymptomatic course with mini-
mum erythrocyturia or in the form of synpharyngitic
macro- or microhematuria, with minimum or even
more significant proteinuria, as well as with nephritic
or nephrotic syndrome; it may also have a rapidly
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progressive course [22]. Any IGAN may clinically mani-
fest with nephritic syndrome (acute, rapidly progressive,
chronic) or nephrotic syndrome (provided the associ-
ated podocytopathy develops).

Diagnosis

The diagnosis of IGAN may be significantly estab-
lished only using the morphological examination of the
renal biopsy specimen, as no clinical (serum, urinary)
biomarkers have been discovered yet [6]. IGAN diagno-
sis usually includes:

1. Clinical examination that allows to suspect IGAN.

2. Exclusion of secondary IGAN causes.

3. Morphological examination to verify the diagno-

sis and to clarify the degree of its activity/sclerosis.

1. During the clinical examination, symptoms suspi-
cious of IGAN are detected: darkened urine (hematu-
ria), especially after pharyngitis, respiratory infections;
oliguria or polyuria with nocturia (no urinary disorders
are possible). History or medical documents may help to
detect episodes of hematuria and proteinuria, nephritic
or nephrotic syndrome; nasopharyngeal infections
(chronic tonsillitis, pharyngitis) and/or inflammatory
bowel diseases. Physical examination should focus on the
detection of edema, hypertension, uremic symptoms,
and diseases that may cause secondary IGAN. Labora-
tory tests: urinalysis may reveal dysmorphic red blood
cells, albuminuria/proteinuria, decreased or increased
osmotic specific urine gravity. IgA levels rise in blood,

renal failure signs (azotemia, impaired electrolyte levels,
acid-base disorders) are possible. Instrumental diagnosis
is arranged in accordance with the guidelines on chronic
kidney disease (CKD) [22, 23].

2. Searching for diseases that may cause secondary
IGAN: liver diseases (cirrhosis, viral hepatitis C, non-
alcoholic steatohepatitis), celiac disease, inflammatory
bowel diseases (Crohn’s disease, ulcerative colitis),
viral infections (caused by human immunodeficiency
virus (HIV), cytomegalovirus, hepatitis B and C virus),
other variable infections (Lyme disease, chlamydial
pneumonia, malaria, schistosomiasis), autoimmune
and rheumatic diseases (ankylosing spondylitis, rheu-
matoid arthritis, systemic lupus erythematosus, der-
matitis herpetiformis, Sjogren syndrome), psoriasis,
respiratory disorders (chronic alveolitis, idiopathic
pulmonary fibrosis, cystic fibrosis), malignancies
(IgA-myeloma, lymphomas, lung cancer, renal cell car-
cinoma) [5].

3. Final IGAN diagnosis is established based on the
morphological examination of the renal biopsy specimen.
Histomorphological examination of the renal biopsy
specimen using light microscopy, immunofluorescence,
and electron microscopy is a golden standard of IGAN
diagnosis, with the minimum scope of light micros-
copy and immunomorphological examination with the
evaluation of glomerular deposits, including IgA, IgM,
IgG, complement fractions (C3, C1q) and light Ig chains
(kappa, lambda) [23, 24], to use the results in the diag-
nosis and evaluation of the disease prognosis [6, 24].

Symptoms and syndromes to suggest IgAN

> Nephrologist consultation

Associated conditions

Diagnostics and treatment

Clinical and morphological
diagnostics

Kidney biopsy
Light microscopy
¢ Immunomorphology
(deposits of IgA, IgM, IgG, C3, Clq,
light chains assessment),
IgA deposits > others

Morphology confirmation of
» IgAN diagnosis, histological
classification

A 4

Differential diagnosis of IgAN

Primary IgAN >

Secondary IgAN

Figure 1. Diagnostics of IgA-nephropathy [5]

Notes: IgAN — immunoglobulin A-nephropathy
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With that, predominant IgA glomerular deposits is the
diagnostic criterion [25] (Fig. 1).

According to KDIGO Guidelines, the renal biopsy
specimen is evaluated using the modified Oxford classifi-
cation (MEST-C scale) using five parameters (M,E,S, T,C):
M — mesangial proliferation severity; E — endocapillary
proliferation severity; S — presence of segmental glo-
merulosclerosis or adhesion of capillary loops to the glo-
merular capsule; T — tubular atrophy/interstitial fibrosis
severity; C — presence of cellular or fibrocellular cres-
cents [26]; in Russia this scale has not been validated yet.
The scale provides the information on activity and scle-
rosis, helping to predict the disease outcome [27]. The
algorithm of IGAN diagnosis is presented in Figure 1.

Course, prognosis

Renal failure develops in 20-40 % patients with IGAN
within 10-20 years after the disease onset [1, 28]. Clini-
cal data, e.g. proteinuria and azotemia, increase the risk
of progression. Patients with minimum proteinuria have
a low risk of progression; with significant proteinuria
and/or increased serum creatinine levels, end-stage renal
disease develops in 10 years in 15-25 %, in 20 years — in
20-30 % patients [29].

No validated prognostic IGAN biomarkers are cur-
rently available for prognosis evaluation, except for
estimated glomerular filtration rate (eGFR) and protein-
uria. Apart from clinical data, histological results of the
biopsy can help to evaluate IGAN prognosis more accu-
rately. IGAN relapses in 20-60 % transplants. It is pos-
sible to evaluate the risk of IGAN progression in adults
using the online calculator [30], checking the follow-
ing parameters at the moment of the biopsy: patient’s
age (in years), eGFR (mL/min/1.73 m?), blood pressure
(BP) systolic and diastolic (mm Hg), daily proteinuria
(g/day), information about the use of angiotensin-
converting enzyme inhibitors/angiotensin II receptor
blockers (ACEi/ARBs) and IST before and after biopsy;
histological examination results based on the MEST
scale; patient’s race. The number of months after biopsy
(maximum 80) should also be recorded to calculate the
risk. However, it is underlined that the evaluation of
IGAN prognosis using this scale cannot form the basis
for using any treatment regimens [31]. Disease relapses
leads to worsening transplant function and transplant
losses in 1.3-16 % cases [32].

IGAN treatment is usually divided into mainte-
nance therapy (aimed at slowing down or preventing
the renal failure) [33] and anti-inflammatory or dis-
ease-modifying therapy (aimed at decreasing the dis-
ease activity). The treatment should be started as soon
as possible [34].

Maintenance/nephroprotective
therapy

This included lifestyle modifications: physical
exertion, smoking cessation, body weight control. It is
recommended to limit sodium consumption to < 2 g
sodium daily (no data on the effects of other dietary rec-
ommendations on IGAN outcomes).

Renin-angiotensin-aldosterone system (RAAS)
inhibitors. It is necessary to evaluate the risk of car-
diovascular diseases and to start the treatment. Systolic
blood pressure (SBP) should be maintained at < 120-
130 mm Hg, diastolic (DBP) — at < 80 mm Hg. The pri-
ority drugs are RAAS, which use slows down the rates
of impaired renal function in patients with IGAN vs. no
therapy or therapy with another drugs [35].

It is recommended to administer RAAS inhibi-
tors (ACEi or ARBs) in patients with proteinuria over
0.5 g/day even without hypertension in maximum toler-
ated therapeutic doses in order to decrease proteinuria,
which is associated with delayed CKD progression [36].
RAAS inhibitor doses should be maximum (provided
the tolerability is good), as nephroprotective effects are
achieved with the full-dose treatment [37]. During the
maintenance treatment period, patients should regu-
larly undergo examination (every 4-8 weeks), analyzing
potassium and serum creatinine levels.

Sodium-glucose cotransporter 2 inhibitors
(SGLT2), dapagliflozin or empagliflozin, are adminis-
tered in addition to RAAS inhibitors in the proteinuric
IGAN variant with nephroprotective purposes. Their use
significantly decreases risks of fatal and non-fatal events
in CKDs of non-diabetic etiology [22]. Dapagliflozin has
demonstrated nephroprotective effects, with an average
albuminuria decrease by 26 %, delayed CKD progres-
sion, decreased mortality from renal or heart failure
(based on the DAPA-CKD study) [38]. Dapagliflozin has
been recently added to maintenance therapy in IGAN,
as it significantly delays IGAN progression [39]. Empa-
gliflozin has also demonstrated similar effects in the
EMPA-Kidney study [40], where patients with IGAN
constituted 12 % of the total patient population [41]. The
results obtained have been confirmed in reviews [42]. At
the same time, the safety of concomitant SGLT2 inhibi-
tor and immunosuppressive therapy use is currently
unknown.

Fish oil was recommended in previous CGs in IGAN;
in the latest national CGs this issue was not discussed
due to ambiguous data about its efficacy. Based on data
from RCTs, delayed renal function decrease occurred
during the treatment of patients with IGAN and protein-
uria with fish oil (2.5-3 g/day for 6 years) [43]. However,
the positive effect was not confirmed in another random-
ized clinical trial [44]. Several smaller RCTs and a meta-
analysis of studies did not also demonstrate benefits of
treating IGAN with fish oil [45].
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It is recommended to treat a clinically signifi-
cant infectious and/or autoimmune inflammation of
mucous membranes of any location, achieving the dis-
ease remission, in patients with primary IGAN [46].
It is recommended to treat the main pathological process,
achieving the disease remission, in patients with second-
ary IGAN without signs of RPGN, nephrotic syndrome,
significant proliferative activity and/or cellular crescents.
Some patients demonstrate the resolution of clinical &
morphological IGAN manifestations after treating the
celiac disease and inflammatory bowel diseases. Anti-
platelet agents and anticoagulants are not recommended
in the treatment of IGAN due to the lack of evidence of
their efficacy.

Tonsillectomy (TE). Frequent exacerbations of
IGAN after or in the setting of pharyngitis (synpharyn-
gitic hematuria) may indicate the need for TE. Accord-
ing to national Russian guidelines (2021), TE is rec-
ommended in patients with primary IGAN who are
scheduled to receive CS treatment (monotherapy or in
combination with CP or MMP) before or after CS treat-
ment in the absence of contraindications; however, the
evidence of TE efficacy is mainly based on Asian stud-
ies and only on a single cohort study among Russian
patients with IGAN [4]. Japanese studies have demon-
strated the improved renal survival, partial or complete
remission after isolated TE or TE in combination with
CS pulse therapy [47]; thus, KDIGO (2021) considers TE
possible in combination with CSs among the Japanese
population patients.

Disease-modifying/immuno-
suppressive therapy (IST)

It is administered to patients with a high risk of
IGAN progression to achieve the disease remission and
to decrease the progression rate. Currently, according to
the evidence-based medicine, the efficacy of only cor-
ticosteroids (CSs) has been confirmed in IGAN, which
is reflected both in foreign and Russian national CGs
[5, 6, 48].

As IST in IGAN is often accompanied by a high risk
of infections or adverse effects, before starting the treat-
ment, it is recommended to evaluate the risk of such
complications, providing their prevention in accordance
with CGs.

Methylprednisolone efficacy and toxicity were ana-
lyzed in patients with IGAN in a TESTING-1 random-
ized clinical trial; however, it was discontinued prema-
turely due to a high risk of infectious complications. In
the next TESTING-2 trial the decreased methylpred-
nisolone dose (0.4 mg/kg/day) was administered over
2 months, with subsequent tapering over 6-9 months
[49]; it was used along with antimicrobial prophylaxis
(sulfametoxazole or trimethoprim). No differences were

detected in the efficacy, although the number of adverse
effects and infections decreased [50].

In the “Intensive Maintenance Therapy + Immu-
nosuppression in IgAN” study, European population
patients after 6 months of maintenance therapy [51]
were administered only maintenance therapy or in com-
bination with IST. In the IST group, the proteinuria level
decreased, while the remission rate increased without
differences in the eGFR levels [52].

Corticosteroids have demonstrated efficacy in IGAN
(48,49, 53]. The use of CSs is associated with significantly
increased odds of remission and significantly decreased
odds of end-stage renal disease. 6-month CS therapy
is recommended for patients with primary IGAN and
proteinuria > 1 g/day after the inefficacy of 3-month
renoprotective treatment [54]: 2 months in the dose of
0.4-0.6 mg/kg/day (not more than 40 mg), with monthly
dose tapering by 20 % from Month 3 until complete dis-
continuation. CSs are more efficient in proteinuria over
2 g/day [4].

The use of systemic CSs in IGAN leads to the
increaed risk of their toxic effects in patients with
eGFR < 50 mL/min/1.73 m®. Based on Russian national
CGs (2021), it is recommended to avoid their use in
patients with eGFR < 30 mL/min/1.73 m? with diabetes
mellitus, obesity, latent infections (e.g., viral hepatitis,
tuberculosis, HIV), active peptic ulcers, severe osteo-
porosis, or uncontrollable psychic disorders [5]. In such
patients the primary treatment should be aimed at main-
tenance therapy, but not the use of systemic CSs. When
using CSs in the dose equivalent to the prednisolone dose
> 0.5 mg/kg/day, one should arrange the prophylaxis of
Pneumocystis pneumonia along with gastroprotective
therapy and prevention of osteoporosis [55].

Budesonide is a CS that has anti-inflammatory
effects while directly targeting the intestinal lymphoid
tissue (GALT) with the appropriate delivery to the ter-
minal ileum. Budesonide is manufactured in the form
of enteric-coated tablets and is approved by FDA (Food
and Drug Administration, USA) to treat patients with
IGAN and a high risk of progressive renal function dete-
rioration. The NeflgArd study analyzed the effects of
budesonide (Nefecon) in patients with primary IGAN
and a risk of end-stage renal disease administered in
the form of enteric-coated tablets in a dose of 16 mg for
9 months vs. patients administered placebo. Proteinuria
improvement in the budesonide group was 48 % higher
with the lesser rate of adverse effects typical for CSs, i.e.
higher hypertension levels, edema, acne, without the
increased risk of infectious complications [56]. One
should also be cautious when administering budesonide
to patients with obesity or diabetes mellitus.

Using other IST drugs in IGAN. The majority of
randomized clinical trials (RCTs) did not demonstrate
benefits of other drugs, including in combination with
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CSs, over CS monotherapy [57]. No data confirming the
efficacy or lesser toxicity of alternating or decreased dose
CS regimens have also been obtained. However, Rus-
sian national CGs allow to use combined IST in specific
IGAN cases resistant to CS therapy [5].

Hydroxychloroquine (HCQ). Russian national
CGs (2021) recommend to consider using HCQ to
decrease proteinuria and induce disease remission in
patients with persisting proteinuria > 1 g/day within
3 months of renoprotective therapy in the absence
of RPNS and other contraindications: 6-month oral
treatment in the dose 200 mg twice daily with eGFR
> 60 mL/min/1.73 m%* 100 mg orally three times
daily with eGFR 45-59 mL/min/1.73 m?% 100 mg
orally twice daily with eGFR 30-44 mL/min/1.73 m?
100 mg/day with eGFR decrease by > 25% or to
<30 mL/min/1.73 m?, accounting for probable adverse
effects. KDIGO (2021) recommends to use HCQ only
in the Chinese patient population due to the confirmed
efficacy according to the results of clinical case studies
and RCTs. Data on using HCQ in Caucasian patients
are still lacking [58].

Mofetil mycophenolate (MMP) in combination
with CS is recommended to consider for 6 months with
the purpose of decreasing proteinuria, inducing remis-
sion, and decreasing the risk of progression in patients
with primary IGAN and proteinuria > 1 g/day, eGFR
> 30 mL/min, along with mesangial proliferation and/or

crescents, but without signs of RPNS. Sample dosing
regimen: induction therapy — orally, 1.5 g/day (750 mg
twice daily); maintenance therapy — 0.75-1.0 g/day (in
2 daily doses). The oral CS dose of 0.4-0.6 mg/kg/day for
two months, following by monthly daily dose tapering
by 20 % within 4 months. KDIGO (2021) recommends to
use MMP only in the Chinese population patients, where
it preserves the renal function and can decrease CS expo-
sure; however, this drug did not demonstrate positive
results in Caucasian patients [59].

Cyclophosphamide (CP). CS administration in
combination with CP may be discussed in patients with
primary or secondary IGAN with RPNS and severe
proliferative activity and/or cellular crescents based on
histomorphological examinations to induce the disease
remission and to decrease its progression rate [60].

Other immunosuppressants, including azathio-
prine, rituximab, calcineurin inhibitors are not rec-
ommended for use (KDIGO, 2021), as they did not
demonstrate clinical efficacy in IGAN [33].

Based on the systematic review of observational stud-
ies (in the absence of RCTs), rituximab may be benefi-
cial to induce the disease remission and to decrease the
immunosuppressive burden in patients with IGA-vascu-
litis resistant to CSs or other IST drugs, or in the set-
ting of contraindications to them. Drug dosing regimen:
375 mg/m?* once weekly (4 infusions) or 1000 mg once in
2 weeks (2 infusions) [61].

1 Confirming of the primary IgAN ]
High risk of progression
,| Treatment of mucous membranes inflammatory
process of any localization Daily proteinuria > 1,0 g/24 h
and/or
Nephrotic syndrome
= Daily proteinuria > 0,5 g/24 h — and/or
' T Mesangial proliferation
and/or
fio ACEI or ARB — Crescents
[*1
v
Nephrologlst Slgns of RPGN < I no
supervision, l
correction of CKD
risk factors o no ACEI or BRA
l ] 3 months
|
v v v
CS+CP CS+MMF S [ Daily proteinuria > 1.0 g/24 h
Achieved | | T ‘ ‘
remission L X
Tonsillectomy no
5 —
« yes v
Supportive nephroprotection
Y
iox Control of patient condition, relapses, rate of IgAN T
Therapy revision i re

Figure 2. Management of patients with IgA nephropathy [5]

Note: ACEI — angiotensin-converting enzyme inhibitors; ARB — angiotensin II receptor blockers; CS — corticosteroids; CP- cyclophosphamide; mycophenolate mofetil — MMF;
RPGN -rapidly progressive glomerulonephritis; CKD — chronic kidney disease; [gAN — immunoglobulin A-nephropathy
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The algorithm of patient management and treatment
based on Russian national CGs (2021) is presented in
Figure 2.

Several prospective drugs that can suppress IgA
production and control the glomerular inflammation,
delaying IGAN progression, are being currently inves-
tigated, including endothelin A receptor antagonists
(sparsentan, atrasentan), monoclonal antibodies; mul-
tiple drugs inhibiting various stages of the complement
cascade, including C3 (pegcetacoplan), C5 (cemdirizane,
ravulizumab) and Cb5a receptor (avacopane) that can
potentially decrease proteinuria in IgAN. Drugs aimed
at alternative pathway factors (iptacopan) and lectin
complement pathway blockade (narsoplimab) are also
conducted, with their first results confirming their posi-
tive effects on proteinuria [62].

Conclusion

IGAN is the most common immune glomerulopa-
thy globally and in Russia; it is one of the causes of end-
stage renal disease. The goal of primary care physicians
is to improve the clinical diagnosis and refer the patient
to renal biopsy, establishing the final morphological
diagnosis. One should not be limited by the established
practice of only clinical diagnosis and syndrome-wise
treatment. The management tactics of all patients with
IGAN starts with the maintenance (nephroprotective)
treatment, including lifestyle modifications, diet cor-
rection, and drug therapy with RAAS inhibitors and
SGLT?2i (dapagliflozin or empagliflozin). Immunosup-
pressive therapy (mainly CS with the largest evidence
base) is administered with the high risk of IGAN pro-
gression. Other IST drugs do not currently have suffi-
cient efficacy, although in cases of high IGAN progres-
sion they can be administered in combination with CSs
in the setting of lack of efficacy of prior maintenance
or CS therapy methods based on the Russian national
CGs (2021). The use of budesonide, an enteric-coated
CS with target drug delivery to the terminal ileum (with
less adverse events typical for CSs), is an innovative
method of immunomodulating therapy that has been
proposed lately after KDIGO CGs and Russian national
CGs (2021) were published. Other treatment methods
(tonsillectomy, fish oil) are not routinely administered,
but may be discussed depending on the specific clini-
cal situation and patient’s race. No safe drugs that can
suppress IgA production and control the glomerular
inflammation, also delaying IGAN progression, have
been basically known until recently, although multiple
prospective studies of drugs blocking various mecha-
nisms of IGAN development (i.e. endothelin A recep-
tor antagonists, monoclonal antibodies, inhibitors of
various complement cascade stages, alternative and
lectin pathway factors) are being currently conducted.

The first results confirm their positive effects on pro-
teinuria and, thus, on delayed IGAN progression.

Bknapg aBTOpOB:

Bce aBTOPbI BHEC/IW CYLECTBEHHbIV BK/1aZ, B MOArOTOBKY paboThl, Npoy/n
1 0406puNK GUHA/bHYIO BEPCUIO CTaTbk nepes nybankauuen
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cTaTbk, 0,06peHe OKOHYaTeIbHOW BEPCUM CTaTbk Nepej nojaveit ansa
ny6ankauum.

BorpaaHoBa A.P.: 0630p ny6/MKaLuii o TeMe CTaTby, HanUCaHue TeKCTa
CTaTby, 0,06peHne OKOHYaTe/IbHOW BepCUM CTaTb Nepej nojayeit Ana
ny6ankauum.

XacaHoBa M.WN.: 0630p nybavKauuii no TeMe CTaTbi, HanMcaHue TeKcTa
cTaTby, 006peHne OKOHYaTe/IbHOW BEpPCUM CTaTbi Nepej noaayeit A1

ny6avkauum.

Author Contribution:

All the authors contributed significantly to the study and the article, read
and approved the final version of the article before publication

Sigitova O.N.: development of the concept and design, review of publica-
tions on the topic of the article, writing the text of the article, approval of
the final version of the article before submission for publication.
Efremova E.V.: data analysis and interpretation, writing the text of the article,
approval of the final version of the article before submission for publication.
Bogdanova A.R.: data analysis and interpretation, writing the text of the
article, approval of the final version of the article before submission for
publication.

Khasanova M.I.: data analysis and interpretation, writing the text of the
article, approval of the final version of the article before submission for

publication.

Cnucok autepatypbi/References:

1. SchenaF.P., Nistor |. Epidemiology of IgA Nephropathy: A Global
Perspective. Semin. Nephrol. 2018; 38(5):435-42. doi: 10.1016/].
semnephrol.2018.05.013.

2. Pitcher D., Braddon F., Hendry B. et al. Long-term outcomes in IgA
nephropathy. Clin. J. Am. Soc. Nephrol. 2023; 18:727-38. https://doi.
org/10.2215/CJN.0000000000000135.

3. Moriyama T., Tanaka K., Iwasaki C. et al. Prognosis in IgA nephropa-
thy: 30-year analysis of 1,012 patients at a single center in Japan.
PLoS One. 2014; 9:e91756. doi: 10.1371/ journal.pone.0091756

4. [o6ponpasos B.A., Myxeukas T.0., Jiud .M. n gp. IMMyHorno6y-
NVH A-HepponaTuna B POCCUINCKOM NONYAALUN: KAMHUKO-MOP$HOO0-
ruyeckas npeseHTaLus U OTAaNeHHbI NporHos. Hedpposorusa. 2019;
23(6):45-60. doi: 10.36485/1561-6274-2019-23-6-45-60.
Dobronravov V.A., Muzheczkaya T.O., Lin D.I. Inmunoglobulin A
nephropathy in the Russian population: clinical and morphological
presentation and long-term prognosis. Nephrology. 2019;
23(6):45-60. doi: 10.36485/1561-6274-2019-23-6-45-60

[in Russian].




Apxusb BHyTpeHHEe MepArumHbL ® Ne 5 o 2025

AEKINU

5. batiowunn M.M,, bo6kosa W.H., BatasuH A.B. n gp. Inomepynsp-
Hble 60/1€3HW: UMMYHO106yIMH A-HedponaTua. KamHudeckne
pekoMeHgauuu. 2021, [dnekTpoHHsbiit pecypc]. URL: https://rus-
nephrology.org/wp-content/uploads/2021/04/iga_060421-1.pdf.
(aaTa obpauenus: 29.01.2025).

Batyushin M.M., Bobkova I.N., Vatazin A.V. Glomerular diseases:
immunoglobulin A nephropathy. Clinical guidelines. 2021. [Elec-
tronic resource]. URL: https://rusnephrology.org/wp-content/
uploads/2021/04/iga_060421-1.pdf. (date of the application:
29.01.2025) [In Russian].

6. Kidney Disease: Improving Global Outcomes (KDIGO) Glomeru-
lar Diseases Work Group. KDIGO 2021 Clinical Practice Guideline
for the Management of Glomerular Diseases. Kidney Int. 2021;
100(45):1-276.

7. Ballardie FW, Roberts IS. Controlled prospective trial of prednisolone

and cytotoxics in progressive IgA nephropathy. ] Am Soc Nephrol
2002;13(1):142-8.

8. Wheeler D.C., Toto R.D., Stefansson B.V,, et al. A pre-specified analysis
of the DAPA-CKD trial demonstrates the effects of dapagliflozin on

major adverse kidney events in patients with IgA nephropathy. Kidney

Int. 2021; 100(1): 215-24. doi: 10.1016/j.kint.2021.03.033.

9. Herrington W.G., Staplin N., Wanner C., et al., EMPA-KIDNEY Collab-

orative Group. Empagliflozin in Patients with Chronic Kidney Disease.

N. Engl. J. Med. 2022 Nov 4. doi: 10.1056/NEJMoa2204233.
10. McGrogan A., Franssen C.F., de Vries C.S. The incidence of primary

glomerulonephritis worldwide: a systematic review of the literature.
Nephrol Dial Transplant. 2011; 26:414-430. doi: 10.1093/ndt/gfq665/
11. Yeo S.C., Goh S.M,, Barratt J. Isimmunoglobulin A nephropathy dif-

ferent in different ethnic populations? Nephrology (Carlton). 2019;
24(9):885-895. doi: 10.1111/nep.13592.
12. Lai, K.N., Tang, S.C.W.,, Schena, F.P,, et. al. IgA nephropathy. Nature
Reviews Disease Primers. 2016; 2:16001. doi: 10.1038/nrdp.2016.1.
13. 3y6kuH M.J1, Congatos [l.A., ®ponosa H.®. n ap. CoBpemeHHbIe

npescTaB/ieHna o natoreHese IgA-Hedponatun. Hedpponorus n ana-

3. 2024; 26(1):35-54. doi: 10.28996/2618-9801-2024-1-35-54.

Zubkin M.L., Soldatov D.A., Frolova N.F. i dr. Current concepts of the

pathogenesis of IgA nephropathy. Nephrology and Dialysis. 2024;

26(1):35-54. doi: 10.28996/2618-9801-2024-1-35-54 [in Russian].
14. Sallustio F., Curci C., Chaoul N. et al. High levels of gut-homing

immunoglobulin A+ B lymphocytes support the pathogenic role

of intestinal mucosal hyperresponsiveness in immunoglobulin A

nephropathy patients. Nephrol Dial Transplant. 2021; 36(3):452-464.

doi: 10.1093/ndt/gfaaz64.

15. He J.W., Zhou X.J., Hou P. et al. Potential Roles of Oral Microbiota in
the Pathogenesis of Immunoglobin A Nephropathy. Front Cell Infect

Microbiol. 2021; 11:652837. doi: 10.3389/fcimb.2021.652837.

16. Zhao )., Bai M., Yang X. et al. Alleviation of refractory IgA nephropa-

thy by intensive fecal microbiota transplantation: the first case

reports. Renal. Failure. 2021; 43(1):928-933. doi: 10.1080/0886022X.

2021.1936038.

17. Gesualdo L., DiLeo V., Coppo R. The mucosal immune system and
IgA nephropathy. Semin Immunopathol. 2021; 43(5):657-668.
doi: 10.1007/s00281-021-00871-y.

18. Rehnberg J., Symreng A., Ludvigsson J.F. et al. Infl amatory Bowel

Disease Is More Common in Patients with IgA Nephropathy

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

and Predicts Progression of ESKD: A Swedish Population-
Based Cohort Study. | Am Soc Nephrol. 2021; 32(2):411-423.
doi: 10.1681/ASN.2020060848.

. Kovacs T, Kun L., Schmelczer M. et al. Do intestinal hyperpermeabil-

ity and the related food antigens play a role in the progression of IgA
nephropathy? I. Study of intestinal permeability. Am | Nephrol. 1996;
16(6):500-505. doi: 10.1159/000169050.

Serena G., D'Avino P., Fasano A. Celiac Disease and Non-celiac Wheat
Sensitivity: State of Art of Non-dietary Therapies. Front Nutr. 2020;
7:152. doi: 10.3389/fnut.2020.00152.

Slavin S.F. IgA Nephropathy as the Initial Presentation of Celiac
Disease in an Adolescent. Pediatrics. 2021; 148(4):e2021051332.

doi: 10.1542/peds.2021-051332.

bobkosa N.H., Batasun A.B., BeTunHHukosa O.H. n gp. XpoHnye-
ckas 60s1e3Hb noyek (XBM). KamHnyeckune pekomeHgaumm. 2024.
[3nekTpoHHsiit pecypc]. URL: https://rusnephrology.org/wp-
content/uploads/2020/12/CKD_final.pdf. (sata o6paweHus:
29.01.2025).

Bobkova I.N., Vatazin A.V., Vetchinnikova O.N. Chronic kidney
disease (CKD). Clinical guidelines. 2024. [Electronic resource].

URL: https://rusnephrology.org/wp-content/uploads/2020/12/CKD_
final.pdf. (date of the application: 29.01.2025) [In Russian].

Lnnos E.M., bobkosa U.H., Koanna N.B. n gp. KamHnyeckune peko-
MeHZAAaLMM MO AUarHOCTUKe U neyeHuto IgA-HedponaTtun. Heppono-
rus. 2015; 19(6): 83-92.

Shilov E.M., Bobkova I.N., Kolina I.B. Clinical guidelines for the diagno-
sis and treatment of IgA nephropathy. Nephrology. 2015; 19(6): 83-92
[In Russian].

Wu ., Hu Z., Wang Y. et al. Severe glomerular C3 deposition indicates
severe renal lesions and a poor prognosis in patients with immu-
noglobulin A nephropathy. Histopathology. 2021; 78(6):882-895.
doi: 10.1111/his.14318.

Khairwa A. Indian scenario of IgA nephropathy: a systematic

review and meta-analysis. Afr. Health Sci. 2021; 21(1):159-165.

doi: 10.4314/ahs.v21i1.21-54.

Gleeson P.J., O'Shaughnessy M.M., Barratt J. IgA nephropathy in
adults—treatment standard, Nephrology Dialysis Transplantation.
2023; 38(11):2464-2473. doi: 10.1093/ndt/gfad146.

Trimarchi H., Barratt J., Cattran D.C. et al. IgAN Classification Work-
ing Group of the International IgA Nephropathy Network and the
Renal Pathology Society; Conference Participants. Oxford Classifica-
tion of IgA nephropathy 2016: an update from the IgA Nephropathy
Classification Working Group. Kidney Int. 2017; 91(5):1014-1021.

doi: 10.1016/j.kint.2017.02.003.

Gharavi A.G., Yan Y., Scolari F. et al. IgA nephropathy, the most com-
mon cause of glomerulonephritis, is linked to 6q22-23. Nat. Genet.
2000; 26(3):354-357. doi: 10.1038/81677.

Wakai K., Kawamura T., Endoh M. et al. A scoring system to predict
renal outcome in IgA nephropathy: from a nationwide prospec-

tive study. Nephrol. Dial. Transplant. 2006; 21:2800-2808.

doi: 10.1093/ndt/gfl342.

International IgAN Prediction Tool at biopsy — Adults calculator.
2019. [2nekTpoHHbIi pecypc]. URL: https://qxmd.com/calcu-
late/calculator_499/international-igan-prediction-tool-adults.

(aaTa obpauyenus: 29.01.2025).

333



334

LECTURES

The Russian Archives of Internal Medicine ® Ne 5 e 2025

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

Bartosik L.P., Lajoie G., Sugar L. et al. Predicting progres-

sion in IgA nephropathy. Am. J. Kidney Dis. 2001; 38:728-735.

doi: 10.1053/ajkd.2001.27689.

Moroni G., Longhi S., Quaglini S. et al. The long-term outcome of re-
nal transplantation of IgA nephropathy and the impact of recurrence
on graft survival. Nephrol. Dial. Transplant. 2013; 28:1305-1314.

doi: 10.1093/ndt/gfs472.

Rovin B.H., Adler S.G., Barratt J. et al. Executive summary of the
KDIGO 2021 Guideline for the management of glomerular diseases.
Kidney Int. 2021; 100:753-779. doi: 10.1016/j.kint.2021.05.015.
Patrick J. Gleeson, Michelle M. O'Shaughnessy, Jonathan Barratt. IgA
nephropathy in adults — treatment standard. Nephrol. Dial. Trans-
plant. 2023; 38:2464-2473. doi: 10.1093/ndt/gfad146.

Praga M., Gutiérrez E., Gonzalez E. et al. Treatment of IgA ne-
phropathy with ACE inhibitors: a randomized and controlled trial.

J. Am. Soc. Nephrol. 2003; 14(6):1578-1583. doi: 10.1097/01.
asn.0000068460.37369.dc.

Zhao Y., Fan H., Bao B.Y. Efficacy and Safety of Renin-Angiotensin
Aldosterone System Inhibitor in Patients with I[gA Nephropathy:

A Meta-Analysis of Randomized Controlled Trials. Iran J. Public
Health. 2019; 48(9):1577-1588. doi: 10.18502/ijph.v48i9.3014.
Curutosa O.H. JleyeHne apTepunanbHoOii runepTeHsnm y nauu-
€HTOB C XPOHMYECKOMN 60/1e3HbIO NMOYeK ¢ no3uLum EBponeiickux
pekomeHgauui 2023 r. KasaHCKUiA MegMLIMHCKUIA )ypHan. 2024;
105(4):607-621. doi: 10.17816/KM)626252.

Sigitova O.N. Treatment of arterial hypertension in patients with
chronic kidney disease from the standpoint of the 2023 Euro-

pean guidelines. Kazan Medical Journal. 2024; 105(4):607-621.

doi: 10.17816/KM)626252 [In Russian).

Heerspink H.J.L., Stefansson B.V., Correa-Rotter R. et al. Dapagliflozin
in patients with chronic kidney disease. N. Engl. J. Med. 2020;
383:1436-1446. doi: 10.1056/NEJM0a2024816.

Heather N. Reich and Jiirgen Floege. Cl. J. Am. Soc. Nephrol. 2022;
17(8): 1243-1246. doi: 10.2215/CJN.02710322.

The E-KCG, Herrington W.G., Staplin N. et al. Empagliflozin in pa-
tients with chronic kidney disease. N. Engl. J. Med. 2023; 388:117-127.
doi: 10.1056/NEJM0a2204233.

EMPA-KIDNEY Collaborative Group. Design, recruitment, and
baseline characteristics of the EMPA-KIDNEY trial. Nephrol. Dial.
Transplant. 2022; 37:1317-1329. doi: 10.1093/ndt/gfac040.
Braunwald E. Gliflozins in the management of cardiovascular disease.
N. Engl. J. Med. 2022; 386:2024-2034. doi: 10.1056/NEJMra2115011.
Donadio J.V., Grande J.P., Bergstralh E.J. et al. The long-term outcome
of patients with IgA nephropathy treated with fish oil in a controlled
trial. Mayo Nephrology Collaborative Group. J. Am. Soc. Nephrol.
1999;10(8):1772-1777. doi: 10.1681/ASN.V1081772.

Hogg R.J., Lee J., Nardelli N. et al. Clinical trial to evaluate ome-

ga-3 fatty acids and alternate day prednisone in patients with

IgA nephropathy: report from the Southwest Pediatric Nephrol-

ogy Study Group. Clin. J. Am. Soc. Nephrol. 2006; 1(3):467-474.

doi: 10.2215/CJN.01020905.

Strippoli G.F., Manno C., Schena F.P. An “evidence-based” survey of
therapeutic options for IgA nephropathy: assessment and criti-

cism. Am. J. Kidney Dis. 2003;41(6):1129-39. doi: 10.1016/50272-
6386(03)00344-5.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Rehnberg J., Symreng A., Ludvigsson J.F. et al. Inflammatory

Bowel Disease Is More Common in Patients with IgA Nephropa-

thy and Predicts Progression of ESKD: A Swedish Population-

Based Cohort Study. ]. Am. Soc. Nephrol. 2021; 32(2):411-423.

doi: 10.1681/ASN.20200608438.

Yang D., He L., Peng X. et al. The efficacy of tonsillectomy on clinical
remission and relapse in patients with IgA nephropathy: a randomized
controlled trial. Ren. Fail. 2016; 38:242-248. doi: 10.3109/0886022X.
2015.1128251.

Pozzi C., Bolasco P.G., Fogazzi G.B. et al. Corticosteroids in IgA ne-
phropathy: a randomised controlled trial. Lancet. 1999; 353:883-887.
doi: 10.1016/50140-6736(98)03563-6.

LvJ., Zhang H., Wong M.G. et al. Effect of oral methylpred-

nisolone on clinical outcomes in patients with IgA nephropathy:

the TESTING randomized clinical trial. JAMA. 2017; 318:432-442.

doi: 10.1001/jama.2017.9362.

Lv]J., Wong M.G., Hladunewich M.A. et al. Effect of oral methylpred-
nisolone on decline in kidney function or kidney failure in patients
with IgA nephropathy: the TESTING randomized clinical trial. JAMA.
2022;327:1888-1898. doi: 10.1001/jama.2022.5368.

Rauen T., Eitner F., Fitzner C. et al. Intensive supportive care plus
immunosuppression in IgA nephropathy. N. Engl. J. Med. 2015;
373:2225-2236. doi: 10.1056/NEJM0a1415463.

Rauen T., Wied S., Fitzner C. et al. After ten years of follow-up,

no difference between supportive care plus immunosuppression

and supportive care alone in IgA nephropathy. Kidney Int. 2020;
98:1044-1052. doi: 10.1016/j.kint.2020.04.046.

LvJ., Zhang H., Chen Y. et al. Combination therapy of prednisone and
ACE inhibitor versus ACE-inhibitor therapy alone in patients with IgA
nephropathy: a randomized controlled trial. Am. J. Kidney Dis. 2009;
53:26-32. doi: 10.1053/j.ajkd.2008.07.029.

HanS., Yao T, Lu Y. et al. Efficacy and Safety of Immunosuppressive
Monotherapy Agents for IgA Nephropathy: A Network Meta-Analysis.
Front. Pharmacol. 2021; 11:539545. doi: 10.3389/fphar.2020.539545.
MenbHuyenko ILA., benasa XK.E., PoxuHckas /1.9. n gp. PeaepanbHble
KAMHWYeCKne peKoMeHaLnu No AUarHoCTHKe, Ie4EHUIO U Npo-
dunakTrke octeonoposa. [pobaembl 3HAOKpUHOAOTUK. 2017,
63(6):392-426. doi: 10.14341/probl2017636392-426.

Mel'nichenko G.A., Belaya Zh.E., Rozhinskaya L.Ya. Federal

clinical guidelines for the diagnosis, treatment and prevention of
osteoporosis. Problems of endocrinology. 2017; 63(6):392-426.

doi: 10.14341/probl2017636392-426

Barratt )., Lafayette R., Kristensen J. et al. NeflgArd Trial Investigators.
Results from part A of the multi-center, doubleblind, randomized,
placebo-controlled NeflgArd trial, which evaluated targeted-release
formulation of budesonide for the treatment of primary immunoglob-
ulin A nephropathy. Kidney Int. 2023; 103(2):391-402. doi: 10.1016/j.
kint.2022.09.017.

MaF,, Yang X., Zhou M. et al. Treatment for IgA nephropathy with
stage 3 or 4 chronic kidney disease: low-dose corticosteroids com-
bined with oral cyclophosphamide. J. Nephrol. 2020; 33(6):1241-1250.
doi: 10.1007/540620-020-00752-x.

LiuL.J., Yang Y.Z., Shi S.F. et al. Effects of Hydroxychloroquine on
Proteinuria in IgA Nephropathy: A Randomized Controlled Trial. Am. J.
Kidney Dis. 2019; 74(1):15-22. doi: 10.1053/j.ajkd.2019.01.026.




Apxusb BHyTpeHHEe MepArumHbL ® Ne 5 o 2025

AEKINU

59. Hou F.F, Xie D., Wang ). et al. Effectiveness of mycophenolate mofetil
among patients with progressive IgA nephropathy: a randomized clini-
cal trial. JAMA Netw. Open. 2023; 6(2):e2254054. doi: 10.1001/jama-
networkopen.2022.54054.

60. MaF, Yang X., Zhou M. et al. Treatment for IgA nephropathy with
stage 3 or 4 chronic kidney disease: low-dose corticosteroids com-
bined with oral cyclophosphamide. J. Nephrol. 2020; 33(6):1241-1250.
doi: 10.1007/s40620-020-00752-x.

61. Hernandez-Rodriguez J., Carbonell C., Mirén-Canelo J.A. et al. Ritux-
imab treatment for IgA vasculitis: A systematic review. Autoimmun.
Rev. 2020; 19(4):102490. doi: 10.1016/j.autrev.2020.102490.

62. Gleeson P.J., O'Shaughnessy M.M. and Barratt J. IgA nephropathy
in adults—treatment standard. Nephrol Dial Transplant, 2023, 38,
2464-2473 https://doi.org/10.1093/ndt/gfad146
Downloaded from https://academic.oup.com/ndt/
article/38/11/2464/7221084 by guest on 25 December 2024

MHpopmaums 06 aBTopax

Curutosa Onbra HukonaesHa (& — AOKTOp MeAMLIMHCKUX Hayk, Npo-
deccop kadespbl MOSMKANHUYECKON Tepanum 1 obLyeit BpauebHOM npak-
Tukn ®rbOY BO «KasaHCKUiA rocyAapCTBEHHbIV MEAULIMHCKUIA YHUBEP-
cnteT» MuHsgpasa Poccum, KasaHb, e-mail: osigit@rambler.ru, ORCID
ID: http://orcid.org/0000-0001-8983-245X

E¢pemoBa EneHa BnaguMmupoBHa — [JOKTOP MeAULIMHCKMX Hayk, Mpo-
deccop Kadeapbl Tepanuu U npodeccroHanbHbix GonesHert PrbOY
BO «YNnbAHOBCKMWIA rocyAapCTBeHHbI yHMBepcuTeT» MuHsgpasa Poc-
cumn, YnbaHoBck, e-mail: Lena_1953@mail.ru, ORCID ID: http://orcid.
org/0000-0002-7579-4824

BorpaHoBa AnvHa PackixoBHa — KaHAWMAAT MeAWLMHCKUX HayK, 40-
LleHT Kadeapbl BHYTPeHHUX 6onesHelt VIHCTUTYTa ¢yHAAMeHTasbHOM

MeauLmMHbl 1 6ronorum GrAOY BO «KasaHckuin (Mpusomkckuii) dpege-

pasibHbIN yHUBepcuTeT», KasaHb, e-mail: _alinochka@mail.ru, ORCID ID:
http://orcid.org/0000-0001-6953-464X

XacaHoBa Munsywa NabsacoBHa — KaHAMAAT MeAULMHCKMX HayK, A0-
LeHT Kadeapbl yponoruu, Hepponorum u TpaHcnaaHtonorun KrMA-
®reoy AMNO PMAHMO Munsgpaea Poccum, KasaHb, e-mail: milyash@
inbox.ru, ORCID ID: http://orcid.org/0000-0003-4836-2927

Information about the authors

Olga N. Sigitova (=] — MD, Professor, Department of Outpatient Thera-
py and General Medical Practice, Kazan State Medical Academy — Federal
State Budgetary Educational Institution of Higher Professional Education
Russian Medical Academy of Continuous Professional Education of the
Ministry of Health of Russia, Kazan, e-mail: osigit@rambler.ru, ORCID ID:
http://orcid.org/0000-0001-8983-245X

Elena V. Efremova — MD, Professor, Department of Therapy and Occu-
pational Diseases, Ulyanovsk State University, Ministry of Healthcare of
the Russian Federation, Ulyanovsk, e-mail: Lena_1953@mail.ru, ORCID
ID: http://orcid.org/0000-0002-7579-4824

Alina R. Bogdanova — MD, PhD, Associate Professor, Department of In-
ternal Medicine, Institute of Fundamental Medicine and Biology, Kazan
(Volga Region) Federal University, Kazan, e-mail: _alinochka@mail.ry,
ORCID ID: http://orcid.org/0000-0001-6953-464X

Milyausha I. Khasanova — MD, PhD, Associate Professor, Department
of Urology, Nephrology and Transplantology, Kazan State Medical
Academy — Federal State Budgetary Educational Institution of Higher
Professional Education Russian Medical Academy of Continuous Profes-
sional Education of the Ministry of Health of Russia, Ministry of Health
of the Russian Federation, Kazan, e-mail: milyash@inbox.ru, ORCID ID:
http://orcid.org/0000-0003-4836-2927

ABTOp, OTBeTCTBEHHbIN 3a nepenucky / Corresponding author

335



336

ORIGINAL ARTICLE The Russian Archives of Internal Medicine ® Ne 5 e 2025

@)ev 0|

DOI: 10.20514/2226-6704-2025-15-5-336-345
YK 615.06, 616-006.441, 616.12-008
EDN: GZAQWX

P.®. T'umpaHosa, I'.P. TumaTanHoea, O.E. [laHnnosa,
N.N. AaBbigkuH, O.A. Py6aHeHKo

®rbOY BO «CaMapcKuii rocysapCTBeHHbIN MeAULMHCKUA YHUBEPCUTET»
MwuHuncTepcTBa 3apaBooxpaHeHmna Poccuiickon Pegepaumun, Camapa, Poccus

MAPKEPBI, OITPEAEAAIOOIVE PUCK PA3BUTUSI
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Markers Determining the Risk of Cardiovascular
Toxicity Against the Background of Antitumor
Immunochemotherapy

Pestome

BeepaeHue. 3n10KavecTBeHHble HOBOOOPa3OBaHWA 3aHMMAIOT AMANPYIOLLEe MECTO CPpeAU MPUYMH CMEPTHOCTM HaceneHus. HecmMoTpa Ha To, 4To
NpPOTMBOOMYXO/1eBOE JIe4eHNe CNOCOBHO 3HAUYNTEIbHO NMPOAANTDL XU3Hb NaLMeHTaM OHKO/IOrMYEeCKOro Npodus, OHO NPOAOJ/IKAEeT OKasbiBaTb
TOKCMYEeCKUIA 3PpdeKT Ha OpraHbl U cUcTeMbl. He cTanu UCKAOYeHWEeM NaLMeHTbl C HEXOAXKUHCKUMU NMM$OMaMM MHAONEHTHOrO TUNa, Nnony-
yalolMe aHTPaLVKANH-CoAepalle CXeMbl Tepanum, KOTopble ABAAIOTCA BeAYLMMI PEXUMaMU leHeHNns B BUAY AOCTYNHOCTM C papMaKoanoru-
4ecKon U pUHAHCOBOW CTOPOHbI Ha TeppuTopumn Poccuiickont Pegepaumn. Llenb nccnegoBanus. BoiaBUTb KAMHUYeCKUe, nabopaTopHbie U WH-
CTPYMeHTa/ibHble MoKa3aTe N, OlleHnBaeMble Yepes 3 MecAla le4eHns, onpeensaiolime pUCcKk pasBUTUA CePAEYHO-COCYANCTON TOKCUYHOCTY Ha
¢$oHe 6-MecAYHOI NPOTUBOOMYXONEBOM MMMYHOXUMUOTepanuu no cxeme R-CHOP y nauMeHTOB C MHAONEHTHBIM TUMOM HEXOAMKUHCKUX IMMPOM.
MaTepuanel n MeToabl. Ha 6a3ax neyebHbix yupexaeHuit ropoga CamMapa NnpoBoAWIOCh HabtogaTeIbHOe UCCAeA0BaHNE «CyHali-KOHTPO/Ib» 3a
nauueHTaMu c JuarHo3oM B-knetoyHas ¢ponnmkynsapHas AMM¢poma, KOTOPLIM NOKa3aHO NpoBe/eHne 6 KypcoB UMMYHOXUMUOTEpanun B pexxnme
R-CHOP. MauueHTb! 6bi1M pa3aeneHbl Ha ABe rpynmnbl: 0CHOBHY n=21 (16 (76,2 %) My»u4uH, cpegHuii BospacT 55,2(9,8) net) ¢ BepndpuumnposaH-
HOW CepAeYHO-COCYANCTON TOKCUHHOCTBIO U KOHTPOJIbHYI0 N=51 (21 (41,2 %) My»uuHa, cpegHuii BospacT 53,7(13,6) n1eT) 6e3 Hee. B xoge neveHus
LieneBble NoKa3aTe/ M OLeHMBaANCL B 2 3Tana: Ha CTapTe v noc/ie 3 KypcoB Tepanuu. B xoae neyeHns Lenesblie NoKasaTenu OLEeHUBaAUCL B ABa
JTana: Ha cTapTe U noc/ie Tpex KypcoB Tepanuu. PesyabTaTel. Ha cTapTe nccnefoBaHus nauneHTbl ¢ BepUGULMPOBAHHON CepAeUYHO-COCYANUCTOM
TOKCMYHOCTbIO UMenyn Go/bluMe 3HaYeHUs MHAeKca Macchl Tena (MMT), KoHeyHo-cucTonmnyeckoro pasmepa (KCP), KOHeYHO-AMACTONNYECKOTO
pasmepa (KAP), koHeuHo-cucTonmnyeckoro o6bema (KCO), KoHeuHo-guacTonmyeckoro o6bemMa (KAO), o6beMa n1eBOro 1 Npasoro npeacepaui,
AVCTaNbHOrO AMaMeTpa BbIHOCALLEro TPAaKTa Mo CPABHEHUIO C KOHTPOJIbHOI rpynnoit (p <0,05). Takke y NaLMEHTOB C KapAVOBACKYNSPHOMN TOK-
CMYHOCTBIO B MPOLLECCE JIEYEHWA CTaTUCTUYECKM 3HAaUNMO yanmHanca QTc ¢ 360 (245,0; 411,0) go 412 (279,0; 450,0) mcek., p=0,032; yBenuuvea-
N1acb KOHUeHTpaums N-KOHLEeBOV NponenTua HaTpuitypeTuyeckoro ropmora B-tuna (NT-proBNP) ¢ 77 (67,0; 109,0) go 110 (75,0; 222,0) Mr/mn,
p=0,032; a TaKkKe CHUKANOCh 3HAYEHWE NPOAO/bHON CUCTONMYECKON AedopMaLmm neBoro xeaygouka (M4 1XK) c-21,1(19,7; 22,4) go -17,7 (15,1;
21,0) %, p=0,004. 3akntoueHue. PaclumpeHve AMarHOCTUYECKUX MPOTOKO/IOB B PaMKax CEpAEYHO-COCYAUCTOM TOKCMYHOCTM CPeaM NaLMeHToB
¢ B-kneTouHoi $ponnKynsapHoi NMMbOoMoii NO3BO/AET CBOEBPEMEHHO ONTUMMU3NPOBATh TAaKTUKY BeAeHUsA NaLUeHTOB OHKOreMaTo/10rMyeckoro
npoguns.

KnrouyeBbie c10Ba: cepdeqHo-cocyducmas moKCU4HOCMb, KapOUOMOKCUYHOCMb, KapAUOOHKO02US, AUMBOMbI, UHOONEHMHbIE AUMPBOMbI
KOH(‘)IWIKT UHTEpecoB

ABTOpbI 3aAB/IAIIOT, YTO laHHasn paboTa, eé TeMa, Npe/AMET 1 COAepXaHKe He 3aTparvBalT KOHKYPUPYIOLMUX UHTEPeCcoB
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34paBooxpaHeHus Poccuiickoit Gegepauun ot 2022 roga «MeTog paHHEro BbiIB/IEHWSA KapAVOTOKCUYHOCTU Y MALMEHTOB C UHAOIEHTHBIMU HEXOAMKKMH-
cknmmn iumpomammny» (N2 2021-1-3, onybamkosan 09.04.21, https://minzdrav.gov.ru/poleznye-resursy/protokoly-klinicheskoy-aprobatsii/realizuemye-
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Abstract

Introduction. Malignant neoplasms occupy a leading place among the causes of death in the population. Despite the fact that antitumor
treatment can significantly prolong the life of cancer patients, it continues to have a toxic effect on organs and systems. Patients with non-
Hodgkin's lymphoma of the indolent type receiving anthracycline-containing therapy regimens, which are the leading treatment regimens due to
their availability from the pharmacological and financial side in the Russian Federation, are no exception. The purpose of the study. To identify
clinical, laboratory and instrumental indicators, assessed after 3 months of treatment, determining the risk of developing cardiovascular toxicity
against the background of 6-month antitumor immunochemotherapy according to the R-CHOP scheme in patients with indolent type of non-
Hodgkin's lymphomas. Materials and methods. An observational case-control study was conducted on the bases of medical institutions in
Samara for patients diagnosed with B-cell follicular lymphoma, who were shown to undergo 6 courses of immunochemotherapy in the R-CHOP
mode. The patients were divided into two groups: the main group n=21 (16 (76.2 %) men, average age 55.2(9.8) years) with verified cardiovascular
toxicity and the control group n=51 (21 (41.2 %) men, average age 53.7(13.6) years) without her. During treatment, the targets were evaluated in
two stages: at the start and after three courses of therapy. Results. At the start of the study, patients with verified cardiovascular toxicity had
higher values of BMI, CDR, CDR, CDR, volume of the left and right atria, and distal diameter of the excretory tract compared with the control
group (p <0.05). Also, in patients with cardiovascular toxicity, the QTc significantly prolonged during treatment from 360 (245.0; 411.0) to 412
(279.0; 450.0) msec., p=0.032; the concentration of NT-proBNP increased from 77 (67.0; 109.0) to 110 (75.0; 222.0) mg/ml, p=0.032; and the
value of GLS LV decreased from -21.1 (19.7; 22.4) to -17.7 (15.1; 21.0)%, p=0.004. Conclusion. The expansion of diagnostic protocols within
the framework of cardiovascular toxicity among patients with B-cell follicular lymphoma allows timely optimization of management tactics for
patients with oncohematological profile.

Key words: cardiovascular toxicity, cardiotoxicity, cardioncology, lymphomas, indolent lymphomas
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Introduction one of the most common adverse effects [1]. This term

Malignancies and cardiovascular diseases are the two
leading causes of death globally. Advancements in treat-
ment methods definitely increase the life expectancy and
quality of life of cancer patients. Nevertheless, the rate of
validated antineoplastic treatment complications contin-
ues to rise significantly. Cardiovascular toxicity (CVT) is

unites various adverse cardiovascular events that emerge
during the main disease treatment [2]. The spectrum of
cardiovascular effects of antineoplastic agents is wide
and includes heart failure, arrhythmia, hypertension,
cardiomyopathy, inflammatory myocardial and valvu-
lar lesions, vascular events (arterial thrombosis, venous
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thromboembolism), myocardial ischemia (acute coro-
nary syndrome, angina), etc. [3]. CVT is mainly caused
by effects not only on neoplastic, but also on normal
non-target cells in the cardiovascular system [4].

Molecular mechanisms of adverse cardiovascular
events of the drug therapy are variable. The clinical vari-
ability directly depends on the specific type of the agent
used. The pathogenesis of CVT may be based on oxida-
tive stress, topoisomerase 2-f inhibition in cardiomyo-
cytes, inflammation, endothelial dysfunction, apoptosis,
impaired Ca?" homeostasis, mitochondrial dysfunction,
deoxyribonucleic acid (DNA) damage, enhanced levels
of various circulating microribonucleic acids, altered
function of potential-dependent potassium channels,
etc. [3]. Profound knowledge about the basic CVT mech-
anisms can help with the early detection and manage-
ment of adverse events [5]. The rate of cardiac compli-
cations defines the required thorough monitoring and
combined approach of physicians of different specialties
to the management of target patients [6]. CVT of anti-
neoplastic treatment methods is one of the main issues
to be solved [7].

Materials and Methods
Study Design

A case-control study was arranged in therapeutic
institutions of Samara (Federal State Budget Educational
Institution of Higher Education “Samara State Medi-
cal University”, Ministry of Health of Russia; Samara
Regional Clinical Oncological Dispensary) during the
period from January 2022 until September 2023. Clini-
cal, laboratory, and instrumental CVT markers were
analyzed during the antineoplastic treatment (R-CHOP
protocol) in patients with indolent non-Hodgkin lym-
phomas. A total of 72 patients (37 (51.4 %) males, mean
age 54.4 (11.2) years) (21 patients in the main group,
mean age 55.2 (9.8) years, 16 (76.2 %) males; 51 patients
in the control group, mean age 53.7 (13.6) years, 21
(41.2%) males) with the confirmed diagnosis of B-cell
follicular non-Hodgkin lymphoma (cytology type
1-2) were included into the study; those patients were
administered 6 immunochemotherapy cycles (R-CHOP
protocol). The following treatment was administered:
Rituximab 375 mg/m? IV drip (Day 0 or 1), Doxoru-
bicin 50 mg/m? IV drip (Day 1), Cyclophosphamide
750 mg/m? IV drip (Day 1), Vincristine 1.4 mg/m? for
a maximum total dose of 2 mg (Day 1), Prednisolone
100 mg orally (Days 1-5); the treatment was resumed on
Day 22.

The duration of patient follow-up was 180 (8) days.
The primary endpoint presumed the cardiac toxicity
detection. Secondary endpoints included changes in the
laboratory (NT-proBNP, troponin) and instrumental
(LVEFE GLS) parameters.

Inclusion criteria: patients over 18 years of age;
confirmed diagnosis; indications for antineoplastic
immunochemotherapy (R-CHOP protocol); no prior
history of cardiovascular conditions; negative echo-
cardiographic stress test (stress echo); signed informed
consent form.

Non-inclusion criteria: age under 18 years; any con-
comitant diseases (including cardiovascular ones); posi-
tive echocardiographic stress test.

Exclusion criteria: complications which make it
impossible to use scheduled therapy (R-CHOP antineo-
plastic treatment); emergence of conditions and/or dis-
eases which are among non-inclusion criteria; patient
refusal to undergo further examination.

Study objective: detecting clinical, laboratory, and
instrumental parameters evaluated after 3 treatment
months that determine the risk of cardiovascular toxicity
during the 6-month antineoplastic immunochemother-
apy (R-CHOP protocol) in patients with indolent non-
Hodgkin lymphomas.

Materials and Methods

All patients included into the study were divided
into 2 groups: 21 patients in the main group (with CVT
manifestations), mean age 55.2 (9.8) years, 16 (76.2 %)
males; and 51 patients in the control group (without
CVT), mean age 53.7 (13.6) years, 21 (41.2%) males.
Patients were divided into groups based on the follow-
ing criteria: patients were included into the main fol-
low-up group with the left ventricular ejection fraction
(LVEF) decrease > 10 % from the baseline level or below
53 % in absolute values and/or with the left ventricular
longitudinal systolic deformity (LVLSD) > 12 % from
the baseline level according to CVT criteria from the
Consensus of Russian Experts on the Prevention, Diag-
nosis, and Treatment of CVT Resulting from Antineo-
plastic Treatment, 2021 [8]. Patients without impaired
myocardial contractility based on transthoracic echo-
cardiography (TTE) were included into the control
group.

Inclusion criteria: patients over 18 years of age; con-
firmed diagnosis; indications for antineoplastic immu-
nochemotherapy (R-CHOP protocol); no prior history of
cardiovascular conditions; negative echocardiographic
stress test (stress echo); signed informed consent form.

Non-inclusion criteria: age under 18 years; any con-
comitant diseases (including cardiovascular ones); posi-
tive echocardiographic stress test.

Exclusion criteria: complications which make it
impossible to use scheduled therapy (R-CHOP antineo-
plastic treatment); emergence of conditions and/or dis-
eases which are among non-inclusion criteria; patient
refusal to undergo further examination.
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Table 1. Clinical characteristics of patients depending on the presence of cardiotoxicity

Indicator Absence of cardiotoxicity The presence of cardiotoxicity p-value
(n=51) (n=21)
Age, full years, M (SD). 53,7 (13,6) * 55,2 (9,8) * 0,597
BMI, kg/m? Me (IQR) 22,1 (20,9;24,4) 24,2 (22,1;27,4) 0,015
Gender, m/w n (%) 21 (41,2%) / 30 (58,8 %) 16 (76,2%) / 5 (23,8 %) 0,007
Tobacco, n (%) 13 (25,5%) / 38 (74,5 %) 10 (47,6 %) / 11 (52,4 %) 0,095
Arterial hypertension, n (%) 0 (0,0 %) 0 (0,0 %) 0,999
Coronary artery disease, n (%) 0 (0,0 %) 0 (0,0 %) 0,999
Lung disease, n (%) 0 (0,0 %) 0 (0,0 %) 0,999

Abbreviations. BMI is the body mass index

The duration of patient follow-up was 180 (8) days.
The primary endpoint presumed the search for factors
associated with the risk of cardiotoxicity.

Patients from the main and control group underwent
the interrogation for complaints, medical and life his-
tory; physical examination; electrocardiography (ECG);
TTE with LVEF and LVLSD; tests for several biochemi-
cal markers (total cholesterol, creatine phosphokinase,
myoglobin, troponin T, C-reactive protein, N-terminal
pro-B-type natriuretic peptide (NT-proBNP)). The study
was arranged in two periods — before starting the treat-
ment and after three antineoplastic immunochemother-
apy cycles. The information obtained was recorded in the
case report form. During the study, TTE was arranged by
the same echocardiography specialist using the Philips
EPIQ CVx device (Germany).

See clinical characteristics of patients based on the
CVT presence in Table 1.

A selected part of clinically tested data approved
by the Ministry of Health of Russia in 2022 (Method
of Early Cardiac Toxicity Detection in Patients with
Indolent Non-Hodgkin Lymphomas; No. 2021-1-
3, published on April 9, 2021, https://minzdrav.gov.
ru/poleznye-resursy/protokoly-klinicheskoy-aprobat-
sii/realizuemye-protokoly-klinicheskoy-aprobatsii-
2021-god-vzroslye/realizuemye-protokoly-kliniches-
koy-aprobatsii-2021-god-vzroslye) is presented in the
study. All patients included into the study signed the
informed consent.

The results obtained were statistically processed using
the SPSS 26 Software Package (USA, IBM SPSS Statistics
26.0.0.0). The distribution normality was assessed using
the Shapiro-Wilk test (n < 50) or Kolmogorov-Smirnov
test (n > 50). Data were evaluated using parametric
statistical methods (for the normally distributed data)
or non-parametric statistics (for those distributed dif-
ferently than normal). Depending on the distribution,
quantitative variables were presented as mean arithmet-
ics and standard deviations (M (SD)), medians (Me),
25th and 75th percentiles (Me(Q1;Q3)) with the dis-
tribution different from normal; qualitative parameters
were described as an absolute number of patients with
proportions (n (%)). Among non-parametric statistic

methods for two unrelated sets, the Student t-test was
used for normal distribution of an attribute, the Mann—
Whitney U test was used for non-normal distribution,
while the Wilcoxon rank sum test was used for related
variables in two groups. Significance of differences was
assessed using the contingency tables: if the number of
observations in any cell of this table was at least 10, chi-
square was used; for the number of observations from
5 to 9, Yates correction was applied; if the number of
observations was below 5 in any cell, then the Fisher’s
exact test was used.

The model was constructed using the binary logis-
tic regression, calculating the odds ratio (OR) for the
parameters included. ROC-analysis was arranged to cal-
culate the specificity, prognostic value, and diagnostic
significance of the model.

Differences were statistically significant at p < 0.05.

Results and Discussion

Patients were comparable by age, histological mor-
phology of the disease, treatment administered, and
tobacco smoking (Table 1). According to the inclu-
sion/non-inclusion/exclusion criteria, the patients
observed did not have concomitant cardiovascular dis-
eases requiring the use of drug products at the start of
treatment. According to the follow-up results, patients
with the validated CVT had higher body mass indices
(BMIs). Females (30 (58.8 %) vs. 21 (41.2%), p = 0.007)
were more common among patients without CVT
included into the study.

Laboratory and instrumental investigations were
arranged twice — before treatment and after 3 treat-
ment months (which corresponds to three antineoplastic
treatment cycles). When comparing electrocardiogram
parameters (Table 2) between groups, statistically sig-
nificant differences were reported for the corrected QT
interval (QTc) values. It was longer in patients with CVT
after 3 drug therapy cycles (p = 0.032). Based on litera-
ture data, the experimental study of George M Bodzi-
ock et al. (2023) demonstrated that African green mon-
keys administered doxorubicin (being part of the target
antineoplastic therapy in patients analyzed) also had
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Table 2. Electrocardiographic characteristics of patients depending on the presence of cardiotoxicity

Indicator, Me (IQR) | Absence of cardiotoxicity (n=51) | The presence of cardiotoxicity (n=21) | p-value |
HR_V,, /min 70,0 (59,0;75,0) 75,0 (69.0;84,0) 0,033
HR_V,, /min 74,0 (63,0;79,0) 74,0 (71,0;84,0) 0,155

p=0,431 p=0,750
PQ_V,, msec 147,0 (110,0;190,0) 120,0 (100,0;150,0) 0,087
PQ_V,, msec 144,0 (110,0;188,0) 140,0 (100,0;170,0) 0,260
p=0,952 p=0,155
QRS _V , msec 90,0 (80,5;100,0) 96,0 (90,0;100,0) 0,288
QRS _V,, msec 90,0 (80,0;105,0) 95,0 (87,0;100,0) 0,370
p=0,888 p=0,604
QTc_V,, msec 333,0(218,0;384,5) 360,0(245,0;411,0) 0,193
QTc_V,, msec 342,0(265,5;411,0) 412,0(279,0;450,0) 0,032
p=0,080 p=0,085

Abbreviations. Heart rate is the heart rate. V1 — before the start of treatment, V2 — after 3 courses of antitumor treatment according to the R-CHOP scheme.
QTc is the corrected QT interval

Table 3. Echocardiographic parameters of patients depending on the presence of cardiotoxicity
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Indicator, Me (IQR) Absence o(fl c:asrlc;iotoxicity The presenc?n():fzcsrdiotoxicity p-value
ESD_V , mm 30,0 (27,0;32,8) 32,1 (32,0;39,0) 0,001
ESD_V,, mm 29,0 (26,5;32,0) 35,0 (32,0;39,0) <0,001
p=0,581 p=0,669

EDD_V,, mm 45,0 (37,5;48,0) 49,0 (41,0;52,0) 0,028

EDD_V,, mm 44,0 (39,0;47,0) 46,0 (40,0;51,0) 0,102
p=0,012 p=0,131

LVMI_V,, g/m* 74,0 (66,0;79,0) 89,0 (77,0;100,0) <0,001

LVMI_V,, g/m? 72,0 (65,0;79,0) 81,0 (74,0;102,0) 0,002
p=0,187 p=0,569

EDVILV, ml 86,0 (71,0;97,0) 98,0 (90,0;114,0) 0,013

EDVI_V,, ml 84,0 (68,5;97,0) 98,0 (78,0;111,0) 0,052
p=0,125 p=0,355

ESV_V,, ml 44,0 (31,5;49,0) 59,0 (47,0;71,0) 0,001

ESV_V,, ml 44,0 (32,0;49,0) 55,0 (48,0;71,0) 0,001
p=0,162 p=0,229

LVEF_V, % 58,0 (53,0;63,0) 55,0 (52,0563,0) 0,49

LVEF_V,, % 57,0 (53,0;61,0) 53,0 (44,0;61,0) 0,133
p=0,301 p=0,164

LAV_V , ml/m? 29,0 (27,0;32,0) 32,0 (31,0;35,0) 0,002

LAV_V,, ml/m? 29,0 (26,0;31,0) 32,0 (28,0;34,0) 0,013
p=0,143 p=0,039

PDOT BT_V,, mm 29,0 (27,0;32,0) 30,0 (29,0533,0) 0,146

PDOT BT_V,, mm 29,0 (27,0;32,0) 31,0 (28,0;33,0) 0,323
p=0,530 p=0,755

DDOT BT_V,, mm 22,0 (20,0;23,5) 25,0 (22,0;28,0) 0,002

DDOT BT_V,, mm 22,0 (20,0;24,0) 24,0 (22,0528,0) 0,004
p=0,910 p=0,806

LAV_V,, ml/m? 24,0 (21,0;27,0) 29,0 (25,0;32,0) 0,002

LAV_V,, ml/m? 25,0 (21,0;28,0) 27,0 (24,0;30,0) 0,091
p=0,169 p=0,637

PA_V,, mmHg 22,0 (17,0527,0) 25,0 (22,0;28,0) 0,166

PA_V,, mmHg. 22,0 (14,5;26,5) 24,0 (21,0529,0) 0,166
p=0,514 p=0,702

GLSLV_V, % -21,0 (20,5;22,0) -21,1 (19,7;22,4) 0,921

GLSLV_V,, % -21,5 (19,3;22,1) -17,7 (15,1;21,0) <0,001

p=0,935

p=0,004

Note. GLS LV — global longitudinal strain left ventricle, rmo6anbras npogonbHas cucronndeckas gedopmaiys nesoro xenygodka. V1 — before the start of treatment, V2 — after
3 courses of antitumor treatment according to the R-CHOP scheme. ESD — end-systolic dimension, ESV- end-systolic volume, EDVI — end-diastolic volume, EDD — end-diastolic

dimension, LVMI — left ventricular mass index, LVEF — left ventricular ejection fraction, LA — left atrium, RA — right atrium, PDOT — proximal diameter outflow tract,
DDOT — distal diameter outflow tract, PA — pulmonary artery




Apxusb BHyTpeHHEe MepArumHbL ® Ne 5 o 2025

OPUTMHAABHBIE CTATHU

statistically significantly prolonged QT (p = 0.002) and
QTc (p = 0.009) intervals with the concomitant absence
of significant alterations in the heart rate (HR) or QRS
duration (p = 0.92 and p = 0.47, respectively) [9].

Echocardiography parameters of patients (Table 3)
also demonstrated statistically significant discrepancies
when comparing parameters between groups. Patients
with validated CVT during follow-up had higher values
of the left ventricular end-systolic dimension (ESD)
(p = 0.001), end-diastolic dimension (EDD) (p = 0.028),
end-systolic volume (ESV) (p = 0.001), end-diastolic
volume (EDV) (p = 0.013), left and right atrial volumes
(p =0.002), distal diameter of the left ventricular outflow
tract (p = 0.002) at the start of treatment. Contractility
was not assessed in the LVEF and LVLSD analysis. The
latter parametric parameter demonstrated the high-
est diagnostic significance. LVLSD in the main group
patients significantly decreased in accordance with the
treatment from |21.1 (19.7;22.4)| to |17.7 (15.1;21.0)|
(p =0.004), thus confirming CVT.

Similar LVLSD alterations were described in 2023 by
Liu Z et al. in the breast cancer patients after 3 months
of antineoplastic therapy [10]. Chang H. et al. (2021)
analyzed patients with lymphomas administered moder-
ate or low doses of cardiotoxic drug therapy; the study
demonstrated decreased myocardial contractility based
on TTE speckle-tracking [11].

It is important to note that TTE was the main instru-
mental investigation which formed the basis for dividing

patients into groups. The targeted imaging assessment
of the cardiovascular system function that presumes
recording quantitative and qualitative alterations and is
supplemented by the GLS LV analysis provides a highly
precise diagnosis. With that, the addition of speckle-
tracking method to the standard protocol helps the phy-
sicians to detect changes in the myocardial function with
higher sensitivity than traditional diastolic and systolic
functional measurements, including LVEE It helps to
evaluate myocardial deformity as a change in the myo-
cardial segment length relative to its baseline level and
the deformity rate (deformity per time unit) in percent.
Both parameters can be potentially used in the diagnosis
and monitoring of subclinical alterations. Regional and
global deformity measurements may independently pre-
dict results not only in patients with the confirmed CVT,
but also in patients with other clinical conditions.
Laboratory biomarkers that were analyzed twice
are reflected in Table 4. Based on the results obtained,
patients with the validated CVT at the start of treat-
ment had significantly higher levels of total cholesterol,
creatine phosphokinase (CPK), and CPK-MB fraction
(p = 0.003, p = 0.033, and p < 0.001, respectively). After
treatment completion, statistically significantly higher
myoglobin levels were reported in patients with CVT
(p = 0.014) vs. patients without CVT. NT-proBNP levels
demonstrate active susceptibility to the toxic cardiovas-
cular effects of antineoplastic treatment. This biomarker
had a high statistical significance during the whole study.

Table 4. Laboratory parameters depending on the presence of cardiotoxicity

Indicator Absence of c_ardiotoxicity The presence o_f cardiotoxicity p-value
(n=51) (n=21)
TC_V, mmol/l 4,1 (3,41;4,45) 4,7 (4,14;5,2) 0,003
TC_V,, mmol/l 4,1 (3,19;4,75) 5,0 (4,14;5,5) 0,008
p=0,955 p=0,542
CPK_V,, E/l 84,0 (69,0;107,0) 110,0 (97,0;114,0) 0,033
CPK_V,, E/l 79,0 (64,0;99,0) 100,0 (71,0;112,0) 0,045
p=0,076 p=0,339
CPK(MB)_V , E/l 16,0 (12,0;21,0) 22,0 (21,0;25,0) <0,001
CPK(MB)_V,, E/l 15,0 (11,0;21,0) 21,0 (21,0;27,0) 0,001
p=0,854 p=0,936
Myoglobin_V , mkg/1 39,0 (27,0550,5) 47,0 (37,0;51,0) 0,152
Myoglobin_V,, mkg/l 36,0 (23,5;44,5) 49,0 (37,0;59,0) 0,014
p=0,007 p=0,653
Troponin_V , pg/ml 10,9 (7,07;14,9) 10,1 (8,7;12,4) 0,771
Troponin_V,, pg/ml 11,2 (8,6514,3) 12,2 (8,3;17,4) 0,295
p=0,415 p=0,390
CRP_V,, mg/l 3,1 (1,06;5,35) 2,2 (0,5:4,3) 0,111
CRP_V,, mg/l 3,0 (2,0;4,3) 1,7 (0,6;4,4) 0,068
p=0,904 p=0,779
NT-proBNP_V,, mg/ml 74,0 (46,5;100,5) 77,0 (67,0;109,0) 0,301
NT-proBNP_V,, mg/ml 57,0 (41,5;74,0) 110,0 (75,0;222,0) <0,001
p=0,019 p=0,032

Note. V1 — before the start of treatment, V2 — after 3 courses of antitumor treatment according to the R-CHOP scheme. OH — total cholesterol, CK — creatine phosphokinase,
C-RB — C-reactive protein, NT-proBNP — N-terminal propeptide of the B-type natriuretic hormone
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NT-proBNP increased in correlation with the cycles
of administered cardiotoxic treatment in the group of
patients with CVT from 77.0 (67.0;109.0) mg/mL to
110.0 (75.0;222.0) mg/mL. Fei Fei Gong et al. (2021)
described cases of altered NT-proBNP levels in various
malignancies [12]. Besides, in the 2024 study of Ehrhardt
M]J et al. NT-proBNP is proposed for use in the predic-
tion of the risk of cardiomyopathy associated with anti-
neoplastic therapy in children [13].

We have developed a prognostic model for CVT aris-
ing during 6 months of therapy (R-CHOP protocol),
depending on clinical and diagnostic factors assessed
before the therapy using the binary logistic regression
method. The observed dependence can be described
with the following equation:

P=1/(1+e-z)*100%

2=-7.009 - 0.763*X, ,, + 0.204*X,,, -

- 0.052%X,,, + 0.326"X . + 0.012*X

NT-proBNP
- 0,034”Xtmponin + 023X iy where

P is the confirmed cardiac toxicity (%),

X5 1y is the value of global longitudinal strain, %,

X,y s the end-systolic volume value, mL,
X,y is the end-diastolic volume value, mL,

X is the troponin value, pg/mL,

troponin

X ok 1S the creatine phosphokinase MB fraction value,

U/L,
X, is the end-systolic diameter value, mm,

Xr-propp 18 the natriuretic peptide value.

The resulting regression model is statistically signifi-
cant (p < 0.001). Taking into account the Nagelkerke R
square, 80.6 % of cardiac toxicity dispersion is due to the
factors included into the model. Based on the regression
coefficient values, ESV, ESD, NT-proBNP, CPK(MB)
values directly correlate with the presence of CVT,
while LVLSD, EDV, troponin levels inversely correlate
with that. Characteristics of each factor are presented in
Table 5.

The threshold value of logistic function P was 50 %.

If P was over 50 %, the risk of CVT was considered
high.

If P was below 50 %, the risk of CVT was low.

The sensitivity and specificity of the model with
the mentioned threshold value were 90.5% and 98.0 %,
respectively. The positive and negative prognostic values
were 95.0 % and 96.2 %, respectively.

The area under ROC curve, which corresponded to
the relationship between the presence of cardiac toxic-
ity and the value of the logistic regression function, was
0.963 (0.032) with 95% CI of 0.901-1.0. The resulting
model was statistically significant (p < 0.001).

A similar model was presented by us in a 2024 sci-
entific manuscript (Gimatdinova et al.) which described
the results of analysis of those patients at the start of
treatment and after 6 months of follow-up (the current
article describes the assessment after 3 months) [14].
This was a pilot project that demonstrated robust statisti-
cal significance.

It is important to note that the majority of patients
after the third antineoplastic treatment cycle had CVT
phenotypes that did not require active therapy. However,

Table 5. Characteristics of the relationship between the predictors of the model, evaluated after 3 months,

and the likelihood of cardiotoxicity

Single-factor regression analysis

Multivariate regression analysis

Predictors
COR;95% CI | p-value COR;95% CI | p-value

Gender m/w 4,57; 1,45-14,4 0,01

BMI, kg/m? 1,14; 1,01-1,29 0,034

Smoking 2,66; 0,92-7,69 0,072

OX, mmol/l 1,725 1,09-2,73 0,02

CPK, E/1 1,025 1,003-1,037 0,019

GLS, % 0,701; 0,573-0,859 0,001 0,466; 0,258-0,842 0,011
ESV, ml 1,078; 1,031-1,128 0,001 1,226; 1,055-1,425 0,008
EDVI, ml 1,025; 1,004-1,046 0,021 0,95; 0,895-1,008 0,088
ESD, mm 1,30; 1,115-1,515 0,001 1,385; 1,084-1,77 0,009
LVMI, g/m? 1,065; 1,023-1,11 0,002

EDD, mm 1,085; 0,995-1,18 0,055

NT-proBNP, mg/ml 1,016; 1,005-1,027 0,004 1,012; 0,998-1,026 0,081
Troponin, pg/ml 1,021; 0,975-1,068 0,382 0,966; 0,93-1,004 0,079
CPK(MB), E/1 1,147; 1,04-1,265 0,006 1,259; 0,998-1,589 0,052
Myoglobin, mkg/1 1,037; 1,001-1,066 0,01

HR, /min 1,037; 0,996-1,080 0,08

Note. BMI — body mass index, OH — total cholesterol, CK — creatine phosphokinase, GLS LV — Left Ventricular Global Longitudinal Strain — longitudinal systolic deformity
of the left ventricle, ESD — end-systolic dimension, ESV- end-systolic volume, EDVI — end-diastolic volume, EDD — end-diastolic dimension, LVMI — left ventricular mass index,

HR — heart rate
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Figure 1. ROC curve of risk of cardiotoxity

in line with that, single patients were reported that
required the adjustment of the antineoplastic agent
doses (50% reduction or switching to monotherapy)
due to adverse events from another category (e.g., drug-
induced cytopenia, acute kidney injury, secondary
immunodeficiency syndrome, etc.). Those alterations
could promote statistically less convincing characteris-
tics of the currently developed model compared to the
2024 mathematical model.

Conclusion

Oncohematological patients administered antineo-
plastic treatment are vulnerable concerning the emer-
gence of cardiovascular dysfunction. The analysis of
LVEF and standard biomarkers does not often help
with the timely detection of adverse events during treat-
ment. The expansion of diagnostic protocols in patients
with indolent non-Hodgkin lymphomas regarding CVT
with the addition of LVLSD and NT-proBNP levels pro-
motes the timely adjustment of antineoplastic agent
doses, administration of cardioprotective treatment, and
improvement of the patients’ quality of life.
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Characteristics of The Neuropsychiatric
Phenotype of Postcovid Syndrome

Pestome

Llenb. M3y4nTb XxapaKTepuUCTUKN NCUXOHEBPONOrnYeckoro GeHoTMNa NOCTKOBUMAHOIO CMHAPOMa Yy pekoHBasecueHToB COVID-19. MaTtepuansl
1 MeToabl. Boi6opka 270 pekoHsanecuyeHTos COVID-19 (cpeagHuii BospacT — 53,2+13,2; 130 (48,1%) MyxuuH): 62 (23,0 %) 63 NOCTKOBUAHOMO
cuHzpoMa v 208 (77,0 %) ¢ MOCTKOBUAHBIM CUHAPOMOM. B noarpynmne ¢ NoCTKOBUAHBIM CUHAPOMOM 134 (64,4 %) peKoHBanecLeHTa UMenn ncu-
XOHEBPO/IOrMyecknii peHoTun. B xoae nccreaoBaHmna yunTbiBaANCh aHHble aHaMHe3a, NPOBO/M/IACh OLLeHKa NMCUXOHEBPOIOrMYEeCKOro cTaTyca fno
wkanam: Hospital Anxiety and Depression Scale (HADS), Multidimensional Fatigue Inventory (MFI-20), Symptom Checklist-90-Revised (SCL-90),
36-Item Short-Form Health Survey (SF-36), Bce naumeHTbl 6bIIM KOHCY/IbTUPOBAHbI BPA4OM HEBPOJIOrOM, COMHO/IOFOM U TeparnesToM. Pesynb-
TaTbl. CTPYKTYpa MCUXOHEBPO/IOrMYECKOro GeHoTuna: UHCOMHUA (n=74, 55,2 %), BblpaxeHHas acTeHus (wkasa MFI-20, n=55, 41,0 %), TpeBora
n genpeccus (wkana HADS, n=37, 27,6 %, n=32, 23,9 %, COOTBETCTBEHHO), aHocMua/gusocmua (n=13, 9,7 %), aressus/gucressus (n=6, 4,5 %).
Mo aaHHbIM onpocHuka SF-36 B rpynne uL, C NCMXOHEBPOIOrNYeCKUM GEeHOTUMNOM 6bII0 BbIABNEHO BbIPaXKeHHOE CHUXEHWe MoKasaTesiei Mo BCceM
cybwkanaMm. Mo gaHHbIM onpocHuka SCL-90-R B rpynne c ncuxoHeBponornyecknm ¢peHoTMNOM HabAanoch BblpaXeHHOe MoBbIleHWe NoKasa-
Teseil no BceM cy6bKanam. Y XeHLMH C NCMXOHEBPOIOrMYeCKNM peHOTMMOM OTMeYannch ciejytolime 0Co6eHHOCTM: NoKasaTenn B Huxe Mo
wKanam: pusnyeckoe dyHKuUMoHMposaHue B 1,1 pasa (p=0,017), poseBoe GpyHKLMOHUPOBaHMeE, 06YC10BAEHHOE GpUBNYECKUM cOCTOsHMEM B 1,6 pasa
(p=0,031) (wkana SF-36), Bbiwe nokasaTesn 06CeCCUBHO-KOMMY/ILCUBHOTO paccTpoiicTea B 1,7 pasa (p=0,028), genpeccuu B 1,5 pasa (p=0,005),
TPeBOXHOCTU B 2 pasa (p=0,017) (wkana SCL-90), no pesynbTaTaM OLeHKU WKanbl HADS YacToTa Aenpeccuu y )eHWUH C NCUXOHEBPO/IOrMYECKUM
$eHOTMMOM MOCTKOBUAHOIO CMHAPOMA Bbilwe B 3 pasa (p=0,043) Mo cpaBHEHMIO C MYXUYMHAMU, UMEIOLLMM STOT e GpeHoTUN. 3aK/toueHue. Mcuxo-
HeBPO/IOrNYeCcKnin GeHOTUN NOCTKOBMAHOIO CMHAPOMA XapaKTepusyeTca Ha/M4YneM y NauneHToB MHCOMHUM, BbIPaXKEHHOW aCTeHUU, TPEBOMXHBIX,
AenpeccrBHbIX PacCTPOICTB, aHOCMUU/AN30CMUM 1 areB3nun/AncreB3nu. Jlnba C NCMXOHEBPO/IOrNYeCKNM GEHOTUMOM UMEIOT CHUMKEHHble MoKa-
3aTe/IM KayecTBa XU3HM U YPOBHA MCUX0I0rMYecKoro 61aronosyums IMYHOCTH Mo BceM cybliKanaM, cornacHo onpocHukam SF-36 n SCL-90-R.




Apxusb BHyTpeHHEe MepArumHbL ® Ne 5 o 2025 OPUTVHAABHBIE CTATbHU

YacToTa BCTPeYaeMoCTH NCMXOHEBPOIOrMYECKOro GeHOTMNA, @ TaKKe BbIpaXKeHHOCTb NCUXOMATONOrMYECKON CUMNTOMATUKN CTaTUCTUYECKU Bbille
B FpPyNMne XeHLUH.
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Abstract

Aim. To study the characteristics of the neuropsychiatric phenotype of postCOVID syndrome in COVID-19 convalescents. Materials and methods.
A sample of 270 COVID-19 convalescents (mean age — 53.2+13.2, (n=130, 48.1% men)): 62 (23.0 %) without postCOVID syndrome and 208 (77.0 %)
with postCOVID syndrome. In the subgroup with postCOVID syndrome, 134 (64.4 %) convalescents had a neuropsychiatric phenotype. The study
took into account medical history data, assessed the neuropsychiatric status on the following scales: Hospital Anxiety and Depression Scale (HADS),
Multidimensional Fatigue Inventory (MFI-20), Symptom Checklist-90-Revised (SCL-90), 36-Item Short-Form Health Survey (SF-36), all patients were
consulted by a neurologist, a somnologist and a therapist. Results. The structure of the neuropsychiatric phenotype: insomnia (n=74, 55.2 %), severe
asthenia (MFI-20 scale, n=55, 41.0 %), anxiety and depression (HADS scale, n=37, 27.6 %, n=32, 23.9 %, respectively), anosmia/dysosmia (n=13.9.7 %),
ageusia/dysgeusia (n=6, 4.5 %). According to the SF-36 questionnaire, in the group of people with a neuropsychiatric phenotype, a marked decrease
in indicators was detected in all subscales. According to the SCL-90-R questionnaire, the group with the neuropsychiatric phenotype showed a
marked increase in all subscales. The following features were noted in women with a neuropsychiatric phenotype: indicators were lower on the
scales: physical functioning by 1.1 times (p=0.017), role-playing functioning due to physical condition by 1.6 times (p=0.031) (SF-36 scale), indicators
of obsessive-compulsive disorder by 1.7 times higher (p=0.028), depression 1.5 times (p=0.005), anxiety 2 times (p=0.017) (SCL-90 scale), according
to the results of the HADS scale assessment, the incidence of depression in women with the neuropsychiatric phenotype of postCOVID syndrome is
3 times higher (p=0.043) compared with men, having the same phenotype. Conclusion. The neuropsychiatric phenotype of postCOVID syndrome
is characterized by the presence of insomnia, severe asthenia, anxiety, depressive disorders, anosmia/dysosmia, and ageusia/dysgeusia. Individuals
with a neuropsychiatric phenotype have reduced indicators of quality of life and the level of psychological well-being of the individual in all subscales,
according to the SF-36 and SCL-90-R questionnaires. The incidence of neuropsychiatric phenotype, as well as the severity of psychopathological
symptoms, is higher in the group of women.

Key words: COVID-19 convalescents, postcovid syndrome, neuropsychiatric phenotype, HADS, MFI-20, SCL-90-R, SF-36
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the Siberian Department of the Russian Academy of Sciences’, RNA — ribonucleic acid, SARS-COV-2 — Severe acute respiratory syndrome-related
coronavirus 2, PCR — polymerase chain reaction, BMI — body mass index, WC — waist circumference, HR — heart rate, PA < 3 h qw — physical activity
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Introduction

Coronavirus Disease 2019 (COVID-19) pandemics
has significantly affected not only the somatic status
of patients, but also their psychoemotional well-being
[1, 2]. Currently post-COVID symptoms affecting the
psychoneurological condition have become an impor-
tant global issue. Based on several studies, COVID-19
reconvalescents commonly reported fatigue, insomnia,
anxiety and depression [3-5]; however, the spectrum
of clinical psychoneurological manifestations among
COVID-19 reconvalescents is much wider [6-8], which
requires further systematization and analysis for the
development of a personalized approach and definition
of risk groups in patients after COVID-19.

Objective: analyzing the characteristics of a psy-
choneurological phenotype of post-COVID syndrome
(PCS) in COVID-19 reconvalescents.

Materials and Methods

A cross-sectional observational study was arranged
at the Scientific Research Institute of Therapy and Pre-
ventive Medicine — Branch of Federal State Budget Sci-
entific Institution “Federal Research Center — Institute
of Cytology and Genetics of the Siberian Department of
the Russian Academy of Sciences” NIITPM — branch
of ITsIG SO RAN. A total of 270 COVID-19 reconva-
lescents (mean age 53.2+13.2 years; n = 130, 48.1%
males) were included in the study.

The study inclusion criteria were as follows: COVID-
19 infection confirmed by the positive test for ribo-
nucleic acid (RNA) of Severe acute respiratory syn-
drome-related coronavirus 2 (SARS-CoV-2) using the
polymerase chain reaction (PCR) method during the
disease and/or detection of anti-SARS-CoV-2 IgG-anti-
bodies; 3 months elapsed since the onse of COVID-19;
signed informed consents for the examination and

Table 1. Initial clinical characteristics of COVID-19 convalescents

Indicator

COVID-19 Convalescents
n=270

Age of years, Me [25;75]
Men, abs (%)

Severity of the course of acute COVID-19, abs (%) Light current

Moderate current

Heavy current
BMI, Me [25;75], kg/m2
WC, Me [25;75], cm
Smoking, abs.(%)
HR, Me [25;75], beats/min
PA<3 hours/week, abs.(%)
SBP, Me [25;75], mmHg
DBP, Me [25;75], nmHg
The presence of prediabetes, abs. (%)

The presence of type 2 diabetes, abs. (%)

The degree of arterial hypertension, abs. (%) I degree
II degree

IIT degree

The presence of cardiovascular diseases before the debut of COVID-19, abs. (%)
The presence of cardiovascular diseases after the debut of COVID-19, abs. (%)
Presence of bronchopulmonary diseases before the debut of COVID-19, abs. (%)

The presence of bronchopulmonary diseases after the debut of COVID-19, abs. (%)

53,0(43,0;64,0]
130(48,1)
127(47,0)
128(47,4)
15(5,6)
28,4[24,8;32,6]
97,0[87,0;108,0]
94(34,8)
67,0 [60,0;73,0]
197(73,0)
125,0[115,8;135,0]
80,0(74,8;87,0]
64(23,7)
34(12,6)
33(12,2)
55 (20,4)
79 (29,3)
161(59,6)
177(65,6)
28(10,4)

32(12,6)

Note* BMI — body mass index, WC — waist circumference, HR — heart rate, FA<3 h/w — physical activity less than three hours per week, SBP — systolic blood pressure,

DBP — diastolic blood pressure
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personal data processing. Acute infections or exacerba-
tions of chronic infections at the moment of inclusion
into the study formed the non-inclusion criterion. All
subjects signed the voluntary informed consent for the
examination and personal data processing. The baseline
clinical data of COVID-19 reconvalescents are presented
in Table 1.

All subjects were divided into groups based on the
presence of PCS accounting for the World Health Orga-
nization (WHO) criteria [8]: 62 (23.0 %) without PCS
(n =36, 58.1 % males) and 208 (77.0 %) with PCS (n = 94,
45.2 % males). In the PCS group, 134 (64.4 %) reconva-
lescents (mean age 53.79+13.28 years, n = 53, 39.6%
males) had a psychoneurological phenotype (PNP).

PNP criteria included anxiety and depression (con-
firmed using the Hospital Anxiety and Depression
Scale (HADS)), severe asthenia (confirmed using the
Multidimensional Fatigue Inventory (MFI-20)), insom-
nia, ageusia/dysgeusia, anosmia/dysosmia that emerged
after the prior COVID-19. The PNP structure is pre-
sented in Figure 1.

PNP in combination with other post-COVID
manifestations (mixed phenotype) was diagnosed in
67 (32.2%) COVID-19 reconvalescents; isolated PNP
manifestations (monophenotype) was also reported in
67 (32.2%) COVID-19 reconvalescents among patients
with PCS (Fig. 2).

Demographics (gender, age), disease history, chronic
diseases were accounted for during the study. Anthro-
pometric measurements, including height, body weight,
and waist circumference (WC), were arranged. The
body mass index (BMI) was calculated using the clas-
sic equation BMI = Body weight (kg) / Height (m)? [10].
Blood pressure (BP) was measured three times with two-
minute intervals on the right arm in the sitting position
after a 5-minute rest using an Omron automated BP
measuring devices (Omron Healthcare Co., Ltd. M5-1,
Japan), recording the mean value of three measurements.

All patients had their venous blood collected (once)
in a fasting condition, with an overnight fasting for
8-14 hours. Complete blood count parameters (includ-
ing white blood cell differential) were determined on
the MicroCC-20Plus automatic hematological analyzer
(HTI, USA) using Clinical Diagnostis Solution Inc and
Streck Labs (USA) kits. Regardless of the automatic
assesment results, the “manual” blood smear microscopy
was also arranged, including the determination of total
white blood cell levels and main white blood cell sub-
populations (in percent). Erythrocyte sedimentation rate
was determined using the indirect Panchenkov method.

Blood biochemistry parameters were determined
using Thermo Fisher Scientific kits (Finland) on the
Konelab Prime 30i biochemistry analyzer (Thermo
Fisher Scientific, Finland).

Figure 1. The structure of the neuropsychiatric phenotype
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The psychoneurological phenotype in the composition of a

mixed
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Neuropsychiatric monophenotype

= Other convalescents of COVID-19 with PCS
= COVID-19 convalescences with neuropsychiatric phenotype

Figure 2. Neuropsychiatric phenotype among people with postCOVID syndrome

All examined patients underwent subjective
assessment of the quality of life using the 36-Item
Short-Form Health Survey (SF-36), as well as the
subjective assessment of the psychic condition using
the Symptom Checklist-90-Revised (SCL-90-R)
questionnaire. The SF-36 survey helps to evaluate
the physical, psychological, and social functioning
of the patient. The SF-36 questionnaire results are
presented in points by 8 scales (for a maximum of
100 points): General Health (GH); Physical Func-
tioning (PF); Role-Physical Functioning (RP); Role-
Emotional Functioning (RE); Social Functioning (SF)
determined by the degree in which the physical or
emotional condition limits the social activity (com-
munication); Bodily Pain (BP); Vitality (VT); Mental
Health (MH) [11]. The psychic respondent condi-
tion was subjectively assessed by the questionnaire
of psychopathological symptom severity (SCL-90-R)
adapted by N.V. Tarabrina [12] — it helps to deter-
mine the range and severity of psychopathological
manifestations, as well as the intensity of psycho-
logical distress [13]. Anxiety and depression was
diagnosed with the sum of > 8 points based on the
Hospital Anxiety and Depression Scale (HADS) [14].
Significant asthenic syndrome was detected based
on the subjective asthenia evaluation scale (MFI-20)
with the sum of > 60 points for all subscales [15].
The diagnosis of insomnia was established based on
the somnologist examination. Ageusia/dysgeusia and
anosmia/dysosmia were diagnosed based on the gen-
eral practitioner examination.

The results were statistically processed using the
SPSS software package (v. 13.0). The Kolmogorov-
Smirnov test was used to determine distribution. Due
to the non-parametric distribution, quantitative data
were presented as medians and interquartile ranges Me
(Q25; Q75). The Mann-Whitney test was used to com-
pare groups. The Pearson’s chi-squared test was used to
compare rates in groups. The significance level for the
statistical hypothesis testing was p < 0.05.

Results

The following phenotypes were represented among
persons with mixed PNPs as concomitant diseases:
PNP + endocrine manifestations (n = 34, 50.7 %),
PNP + alopecia (n = 8, 11.9%), PNP + bronchopulmo-
nary manifestations (n = 8, 11.9%), PNP + cardiovas-
cular manifestations (n = 5, 7.8 %), involvement of at
least three systems, including psychoneurological man-
ifestations (n = 12, 17.9 %).

The comparative characteristics of clinical and labo-
ratory parameters in persons with PNP and other recon-
valescents with PCS is presented in Table 2. According
to the results of the analysis of laboratory parameters,
fasting plasma glucose (FPG) levels was 1.1-fold lower
in the group with PNP.

During the multiparametric logistic regression anal-
ysis of the odds of PNP in males and females (standard-
ized by gender and age), a parameter with a statistical
difference between groups of COVID-19 reconvales-
cents with PNP and other COVID-19 reconvalescents
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Table 2. Comparative characteristics of clinical and laboratory parameters of COVID-19 convalescents with
neuropsychiatric phenotype and other COVID-19 convalescents with postCOVID syndrome

with PNF
n=134

Indicators

Convalescences of COVID-19

Other COVID-19 convalescents

Age of years, Me [25;75] 55,00 [43,00;65,25]

Men, abs (%) 53 (39,6)

BMI, Me [25;75], kg/m? 28,72 [24,98;32,52]

WC, Me [25;75], cm 109 (81,3)
Smoking, abs.(%) 47 (35,1)
PA<3 hours/week, abs.(%) 94 (70,1)

SBP, Me [25;75], mmHg
DBP, Me [25;75], mmHg 80,00 [74,50;87,50]
HR, Me [25;75], beats/min 65,50 [60,00;75,00]
White blood cells, Me [25;75], x10° 5,50 [4,78;6,60]
Hemoglobin, Me [25;75], g/1
ESR, Me [25;75], mm/min 13,00 [7,00;20,00]
FPG, Me [25;75], mmol/l 6,10 [5,70;6,70]

hsCRP, Me [25;75], mg/1 3,78 [1,72:9,39]

127,25 [115,00;135,00]

136,50 [126,00;146,00]

with PCS P
n=74

56,00 [47,50;65,00] 0,467
41 (55,4) 0,028
29,05 [25,61;33,69] 0,473
62,00 (83,8) 0,839
25 (33,8) 0,851
52 (70,3) 0,979
126,25 [117,50;137,50] 0,577
80,00 [75,00;87,50] 0,914
67,00 [62,00;73,00] 0,680
6,10 [5,05;7,40] 0,046
137,00 [126,00;149,50] 0,598
15,00 [10,00;20,00] 0,287
6,70 [5,88;7,53] 0,003
3,87 [2,46;12,17] 0,231

Note. * BMI — body mass index, WC — abdominal obesity, PA<3- physical activity of less than 3 hours per week, SBP — systolic blood pressure, DBP-diastolic blood pressure,
HR — heart rate, ESR — erythrocyte sedimentation rate, FPG — fasting blood plasma glucose, hsCRP — highly sensitive C-reactive protein, PCS-postcovoid syndrome,

PNEF-neuropsychiatric phenotype

Table 3. Logistic multifactorial regression analysis of indicators associated with the neuropsychiatric phenotype
of postcovoid syndrome (with standardization by gender and age)

| Variable |

Age, for 1 year
Sex (M/W)
BMI, per 1 kg/m?

FPG, per 1 mmol/l

The Exp(B)1 model | P

0,992 (0,968-1,017) 0,540
1,908 (1,049-3,469) 0,034
0,991 (0,939-1,045) 0,725
0,875(0,733-1,045) 0,140

Note. * BMI — body mass index, FPG-fasting blood plasma glucose

(FPG) was included into the model, as well as BMI, as
based on literature obesity is one of the leading risk
factors for COVID-19 [16, 17] (x2 = 9.531, R* = 0.045,
p =0.049). Data are presented in Table 3.

The comparative analysis of quality of life param-
eters (assessed using the SF-36 survey) between two
COVID-19 reconvalescent groups with PNP and other
PCS phenotypes demonstrated that reconvalescents with
PNP had worse parameters in all subscales (Table 4).

Table 5 presents data from the SCL-90-R ques-
tionnaire in patients with PNP. It is expected to see
increased parameters of all scales in reconvalescents
with PNP vs. parameters in reconvalescents with PCS,
but without PNP.

Females with PNP demonstrated lower values in the
SE-36 survey than in males — physical functioning (1.1-
fold; p = 0.017) and role-physical functioning (1.6-fold;
p =0.031). These data are presented in Figure 3.

Based on the analysis of data from the SCL-90-R
questionnaire, females had more severe symptoms in
the following subscales: obsessive-compulsive disorders
(1.7-fold; p = 0.028), depression (1.5-fold; p = 0.005),
anxiety (2-fold; p = 0.017) — and in general had a more
unfavorable psychopathological status (Fig. 4).

Based on the MFI-20 scale, the rate of significant
asthenia in males with PNP was 37.7 %, while in females
with PNP — 43.2% (no statistically significant differ-
ences detected; p = 0.744).
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Table 4. Data from the SF-36 questionnaire in individuals with postcovoid syndrome with neuropsychiatric phenotype

and other phenotypes
Convalescences of Other COVID-19
Indicators COVID-19 with PNF convalescents with PCS P
n=134 n=74
1. Physical functioning (Physical Functioning — PF) 80,00 [65,00;95,00] 90,00 [75,00;95,00] 0,024
> ?I;’;eb;;‘;ig?;sgzﬁ i‘:get_o I’fgmal condition 75,00 [25,005100,00] 100,00 [50,003100,00] 0,007
3. Pain intensity (Bodily pain — BP) 74,00 [51,00;100,00] 84,00 [69,50;100,00] 0,012
4. General health status (General Health — GH) 57,00 [40,00;72,00] 72,00 [60,00;82,00] <0,001
5. Vital activity (Vitality — VT) 55,00 [45,00;70,00] 70,00 [58,75;80,00] <0,001
6. Social functioning (Social Functioning — SF) 75,00 [62,50;100,00] 87,50 [75,00;100,00] 0,001
7. Role-based functioning due to emotional state (RoleEmotional — RE) 66,67 [33,33;100,00] 100,00 [66,67;100,00] 0,001
8. Mental health (Mental Health — MH) 64,00 [52,00;80,00] 80,00 [72,00;88,00] <0,001
9. The physical component of health (Physical health — PH) 47,79 [39,16;53,27] 51,11 [46,12;55,04] 0,022
10. The psychological component of health (Mental Health — MH) 45,51 [35,19;52,63] 53,95 [47,60;58,24] <0,001
Note. *PCS-postcovoid syndrome, PNE-neuropsychiatric phenotype
Table 5. Data from the SCL-90-R questionnaire for individuals with postcovoid syndrome with neuropsychiatric
phenotype and other phenotypes
Convalescences of Other COVID-19
Indicators COVID-19 with PNF convalescents with PCS p
n=134 n=74

1. Somatization (SOM) 0,75 [0,50;1,23] 0,50 [0,25;0,77] <0,001
2. Obsessive-compulsive disorder (O-S) 0,70 [0,40;1,10] 0,40 [0,20;0,70] <0,001
3. Interpersonal sensitivity (INT) 0,56 [0,22;0,89] 0,33 [0,11;0,56] 0,001
4. Depression (DEP) 0,62 [0,31;0,92] 0,23 [0,08;0,52] <0,001
5. Anxiety (ANX) 0,50 [0,2050,80] 0,20 [0,0050,38] <0,001
6. Hostility (HOS) 0,50 [0,17;0,71] 0,17 [0,04;0,50] <0,001
7. Phobic anxiety (PHOB) 0,14 [0,00;0,32] 0,00 [0,00;0,14] 0,018
8. Paranoid symptoms (PAR) 0,25 [0,00;0,67] 0,17 [0,00;0,33] 0,017
9. Psychoticism (PSY) 0,15 [0,000,30] 0,00 [0,00;0,20] <0,001
Total number of points 42,00 [28,00;75,00] 24,00 [15,00;38,00] <0,001
General index of severity of symptoms (GSI) 0,47 [0,31;0,83] 0,27 [0,17;0,42] <0,001
Index of personal symptomatic distress (PSDI) 1,35 [1,18;1,74] 1,15 [1,03;1,38] <0,001

Note. *PCS-postcovoid syndrome, PNF-neuropsychiatric phenotype

Based on the HADS scale, depression in females with
PNP was reported in 17.1% cases, i.e. 3 times higher
than in males (6.2 %, p = 0.043). Females demonstrated
the following rates: anxiety — 27.2%, anosmia/dysos-
mia — 6.2 %, insomnia — 63.0 %, ageusia/dysgeusia —
3.7 %, while in males these were 28.3 %, 15.1 %, 43.4 %,
and 5.7 %, respectively, with no significant differences
reported (p = 0.872, p = 0.088, p = 0.430, p = 0.598).

Discussion

Neurotropic SARS-CoV-2 potential is important
in the setting of PCS. The SARS-CoV-2 spike protein
is characterized by high affinity to the angiotensin-
converting enzyme 2, which is expressed on the mem-
branes of endothelial capillary cells. Viral particle efflux
from endothelial cells impairs the blood-brain barrier,
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leading to the virus penetration into the central nervous
system [18-20]. Variable neurological signs require a
detailed analysis and studies in order to organize the
preventive measure and understanding of long-term
COVID-19 effects.

Depressive PCS signs are one of the most common
infectious complications. According to the meta-anal-
ysis (Premraj L. et al., 2022) that covered 18 studies
with a total of 10,530 patients, the rate of depression
in the post-COVID period was 17 % [21]. According to

the study of Buttery S. et al. (2021), this rate reached
43.1% [22]. The risk factors included the female
gender, a history of psychological pathologies, and sys-
temic inflammation in the acute period [23]. The con-
tribution of age and severity of acute COVID-19 to the
emergence of depression is doubtful [23-25]. In our
study depression based on the HADS scale was more
often observed in females, which corresponds to sev-
eral studies [26, 27]. Age-related differences were not
statistically significant in our study.
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The rate of anxiety symptoms in the acute COVID-
19 phase and the post-COVID period is not inferior to
that of depression symptoms. Thus, a Chinese study that
enrolled 7,236 subjects and was devoted to the analysis of
anxiety during the COVID-19 outbreak using the GAD-7
(Generalized Anxiety Disorder-7) scale (Huang Y.
et al., 2020) demonstrated that the rate of anxiety dis-
orders reached 35.1% regardless of gender. Age under
35 years was the risk factor in this subject category [28].
Manifestations of anxiety as remote infectious sequelae
(3-6 months after the disease onset) were reviewed in
several studies [29-31]. In our study the rate of anxiety
symptoms in subjects was higher than that of depression
symptoms, which is probably associated not only with
pathogenetic characteristics and comorbidity, but also
with economic and social self-isolation issues during the
quarantine period of the acute infection. With that, no
statistical differences were detected in gender and age
categories, which characterizes anxiety disorders as an
issue concerning all population strata.

Based on several studies, the prevalence of insom-
nia reaches 25-47 % [31, 32]. Merikanto I. et al. (2023)
arranged a study to assess the prevalence of insomnia
and daytime drowsiness manifestations in COVID-19
reconvalescents. Those symptoms prevailed over others
and were associated with the severe disease course [32].
In our study insomnia symptoms were the predomi-
nant ones among patients with PNP; they were also not
associated with the severity of acute COVID-19 course,
gender, age, anxiety and depression.

It is well-known that the asthenic syndrome accom-
panies the majority of infectious, neurological, and
somatic diseases, manifesting already during the initial
stages of the pathological process [33]. This is one of the
most prevalent symptom complexes observed in patients
after COVID-19, especially in a long-term perspec-
tive. Based on 54 studies, prolonged COVID-19 symp-
toms, including asthenia, were more common among
females [34]. Fernandez-de-las-Pefias C. et al. (2021)
described the duration of hospital stay as a risk factor
for the asthenic syndrome [35]. Older age acts a risk
factor for the post-COVID asthenia [36]; however, one
should account for the effects of a history of concomi-
tant diseases, decreased physical activity, slowed meta-
bolic processes, worsened functions of the immune and
hormonal systems, hypovitaminosis and drug-induced
adverse effects in this patient category, as all those factors
lead to clinical manifestations of asthenia. In our study
we analyzed severe asthenia as one of the PNP manifes-
tations in the post-COVID period. The analysis of fac-
tors, i.e. gender, age, severity of acute COVID-19 course,
and concomitant diseases (dyslipidemia, hypertension,
type 2 diabetes mellitus) did not detect statistically sig-
nificant associations. However, a high rate of anxiety and
depressive disorders along with insomnia was reported

in the study group. These factors may both promote the
primary asthenic manifestations or worsen those symp-
toms in combination with infectious asthenia.

Smell and taste disorders are one of the main clini-
cal manifestations of acute COVID-19. Augustin M
et al. (2021) described preserved anosmia and ageusia
in 11-12 % COVID-19 reconvalescents [37]. Relative to
other psychoneurological manifestations in our study,
ageusia/dysgeusia and anosmia/dysosmia had relatively
smaller rates, also not depending on gender and severity
of acute COVID-19.

Conclusion

Psychoneurological phenotype of the post-COVID
syndrome is characterized by insomnia, severe asthenia,
anxiety and depression disorders, anosmia/dysosmia
and ageusia/dysgeusia in patients. It was demonstrated
that subjects with PNP had significantly lower param-
eters of quality of life (based on the SF-36 survey) and
levels of psychological personality well-being (based on
the SCL-90-R questionnaire) in all subscales.

Psychoneurological phenotype was associated with
the female gender. Besides, females are characterized
by more significant anxiety, depression, and obsessive-
compulsive symptoms, as well as role-physical function-
ing parameters.

Bknap aBTOpOB:

Bce aBTOpbI BHEC/IM CYL€CTBEHHbIN BK/aZ, B NOArOTOBKY paboTbl, Npoy/m
1 0406punK GpUHabHYIO BEPCUIO CTaTbk nepes nybankauuen

3opuHa B.B.: cbop, aHanus, HTepnpeTaunsa AaHHbIX, HanmcaHe pyKo-
nmeu.

KapaceBa A.A.: cbop, aHanu3, UHTepNpeTauns AaHHbIX, HanMcaHue py-
Konmcu.

Fap6ysoBa E.B.: pa3pa6oTka KOHLeNLMM 1 13aitHa pyKOnucK, npoBepka
KPUTNYECKU BaXKHOrO UHTE/IIEKTYa/IbHOMO COAepXaHus.

AdanacbeBa A.[.: pa3paboTka KOHLeNUUM 1 An3aitHa pyKonucu, npo-
BepKa KPUTUYECKN BaXKHOTO MHTENNIEKTYaNbHOrO COAEPKaHNA.

Ayma C.B.: oLeHKa NCMXOHEBPO/NOrMYECKOro CTaTyca peKOHBaseCLeH-
ToB COVID-19 (0cMOTP, WKanbl)

CyxaHoB A.B.: olleHKa NCUXOHEBPO/IOrMYECKOro CTaTyca peKoHBasec-
uentos COVID-19 (ocMOTP, WwKasbl)

LWaxTwHeiaep E.B.: pykoBoAWUTENb NPOEKTa, OKOHYaTeNbHOE YTBEPK-
AeHue pyKonucu Ana nybankayum.

NoreuHenko U.WN.: pykoBoAWTENb NPOEKTa, OKOHYaTe/IbHOe yTBepXK/e-
HU1e pyKonucn Ans nybankaumm.

ParuHo FO.U.: okoH4aTenbHOe yTBepX/AeHne PyKOnUcK A nybavKaumm.
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Cluster Analysis in Phenotyping Patients
with Severe Bronchial Asthma

Pestome

OAVH 13 eCATU NaLMeHTOB C 6POHXMabHOW aCTMON MMeeT TAXKE/NYI0 acTMy, KOTOpas XapaKTepU3yeTCs Ha/MuMeM HECKO/IbKMX KMHUYEeCKUX de-
HoTunoB. Llenb nccnepoBanmna — ngeHTMGUKaLUA KNMHUYECKMX GEHOTUMOB NaLMEHTOB C TPYAHOKOHTPOIMpYyeMOl 1 Taxenol BA Ha ocHoBe kna-
CTepHoro aHasmsa. Matepuans u MeToabl. [poBeseHo nonepeyHoe UccaeAoBaHUe ¢ BKAoYeHeM 200 naumeHTOB C TPYAHOKOHTpoAMpyeMoii BA.
Kputepun BKAlOYeHUA B UCCNe0BaHMe: TAxenan U TPYAHOKOHTpoinpyeMas BA, Bce nauveHTbl NoayYanu neyeHne cornacHo 4-5-i ctynenum co-
rnacHo pekomeHgaumam GINA; BospacT ctapiue 18 seT. Kputepum nckto4eHUs: HaanymMe XpOHNYEeCKOM 06CTPYKTUBHOM 601€3HM IeTKNX, aKTUBHOE
MHeKLMOoHHOe 3aboneBaHe, B TOM Y1C/ie MHPEKLMUM PecnpaToOpPHOI CMCTeMbI, OHKONOrYeckre 3aboneBaHns, 6epeMeHHOCTb. BceM nauueHTam
NPOBOAWUANCH KIMHUKO-1abopaTOPHbIe UCCe0BaHMSA, @ TaKXKe UCCIeA0BaIMCh YPOBHM JIENTUHA, aAUMOHEKTUHA, IL-6, IL-8, IL-4 n DHO-a. C yesbto
deHoTUNMpOBaHNA NaumeHToB BA Tsenoro TeyeHus Obl1 NpoBefeH KAACTEPHbIN aHanm3. CTaTUCTUYeCKYto 06paboTKy faHHbIX MPOBOAUAU
C noMolpbto nporpamm SPSS Statistics 20.0 u StatTech v. 4.7.2 (OOO «Crattex», Poccus). PesyabTaTthl. B ucciegosanum 6b110 BratodeHo 200 na-
LIMEHTOB, MMeIoWMX TPYAHOKOHTPOAMpYeMyto BA, MeguaHa Bo3pacTa y4acTHUKOB UCCIeA0BaHusA coctasuna 53,5 (39,0-59,25) set. B pesysnbrate
KNacTepHOro aHann3a, BbINO/IHEHHOrO MeToA0M k-cpeAHUX, BbljeneHo 3 knactepa. bbiau nosnyyeHsl 3HaunMble pasanumnsa B VIMT, ypoBHe 303MHO-
dumamm u IgE, a Takke sentuHa (p <0,001 npu cpaBHeHUM 3 KnacTepoB). TakKe yCTaHOB/EHbI Pa3/IMuUA B YPOBHSX MPOBOCMANNTENbHBIX LIUTOKUHOB,
B nepByto oyepesb IL-4 (p=0,003 ans 3 knactepos) u ®HO-a u IL-8 (p <0,001 npu cpaBHeHWUM 3 KAAcTepoB). YCTAHOB/IEHO, YTO pasBUTUE runep-
303UHOGUANM Y MALMEHTOB C TPYAHOKOHTPOIMpYeMOii BA MOXeT 6bITb OMOCPeAOBaHO He TO/bKO ypoeHeM WJ1-4 (1,326, 95 %M 1,132-1,554), Ho
1 ®HO-a (OLL 1,046, 95 %M 1,022-1,07) n NN-8 (OLLU 1,054, 95 % /AN 1,024-1,085). 3akatoueHune. Hamu ngeHTMGULMpOBaHO 3 KnacTepa nawmeH-
TOB C TPY/AHO-KOHTPOANPYEMOW 6pPOHXMANbHOM aCTMOWM Ha OCHOBE U3YYeHUA KIMHUKO-N1ab0opaTOPHbIX M MHCTPYMEHTaNbHbIX AaHHbIX. KaXabli naeH-
TUULMPOBaAHHBIN KNacTep XapaKTepusyeTca crelmpuyeckoii KomMbrHalven 1abopaTopHbIX MapKepOoB, HTO MOXET YYUTbIBaTbCA NPU AaNbHelilleM
NeYeHUN NaLUeHTOB C AaHHbIM GeHOTUMNOM acTMbl.
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Abstract

One in 10 patients with asthma suffers from severe asthma, which is characterized by the presence of several clinical phenotypes. The aim of
the study is to identify the clinical phenotypes of patients with difficult-to-control and severe asthma based on cluster analysis. Materials and
Methods: A cross-sectional study was conducted, including 200 patients with difficult-to-control asthma. Inclusion criteria: severe and difficult-
to-control asthma, all patients received treatment according to the 4th-5th step of the provided guidelines (GINA); age over 18 years. Exclusion
criteria: the presence of chronic obstructive pulmonary disease, active infectious diseases, including respiratory infections, oncological diseases,
pregnancy. All patients underwent clinical and laboratory tests, and levels of leptin, adiponectin, IL-6, IL-8, IL-4, and TNF-a were measured.
To phenotype patients with severe asthma, cluster analysis was performed. Statistical data processing was conducted using SPSS Statistics
20.0 and StatTech v. 4.7.2 (StatTech, Russia). Results: The study included 200 patients with difficult-to-control asthma, with a median age of
53.5 (39.0-59.25) years. As a result of the cluster analysis using the k-means method, 3 clusters were identified. Significant differences were
found in BMI, eosinophil count, IgE levels, and leptin (p<0.001 when comparing the 3 clusters). Differences were also found in the levels of pro-
inflammatory cytokines, primarily IL-4 (p=0.003 for the 3 clusters), TNF-a, and IL-8 (p<0.001 when comparing the 3 clusters). It was established
that the development of hyper-eosinophilia in patients with difficult-to-control asthma may be mediated not only by the IL-4 level (1.326, 95 %
Cl11.132-1.554), but also by TNF-a (OR 1.046, 95 % Cl 1.022-1.07) and IL-8 (OR 1.054, 95 % Cl 1.024-1.085). Conclusion: We identified 3 clusters
of patients with difficult-to-control bronchial asthma based on the study of clinical, laboratory, and instrumental data. Each identified cluster is
characterized by a specific combination of laboratory markers, which can be taken into account when further treating patients with this asthma
phenotype.

Key words: bronchial asthma, cluster analysis, cytokines, leptin, eosinophils

Conflict of interests

The authors state that this work, its theme, subject and content do not affect competing interests

Sources of funding
The authors declare no funding for this study

Conformity with the principles of ethics

The study was approved by the Local Ethics Committee of Semey Medical University, Kazakhstan (extract from the protocol No. 11. September 27,
2017). Informed consent was obtained from all subjects participating in the study. Written informed consent was also obtained from patients for the
publication of this article

Article received on 23.02.2025
Reviewer approved 30.03.2025
Accepted for publication on 10.04.2025

For citation: Maimysheva S.Yu., Karazhanova L.K., Chinybaeva A.A. et al. Cluster Analysis in Phenotyping Patients with Severe Bronchial Asthma.
The Russian Archives of Internal Medicine. 2025; 15(5): 358-366. DOI: 10.20514/2226-6704-2025-15-5-358-366. EDN: LYRKDO
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expiratory volume per 1 second; FVC — forced vital capacity; TNF-a — tumor necrosis factor a; PEF — peak expiratory flow

Introduction

one of those phenotypes. Studies arranged over the past
Asthma is a heterogenous disease associated with  decades have demonstrated that some of those patients
the chronic inflammation of the respiratory tract [1]; it ~ have a Th2-mediated asthma endotype [4] based on
is one of the most common chronic non-infectious dis-  hypereosinophilia with increased production of inter-

eases. Based on the results of large-scale epidemiological ~ leukins (IL) 4, 5, and 13 [5]. At the same time, the exist-

reports, its global prevalence is approximately 262 mil-
lion cases [2]. With that, one of ten such patients has
uncontrollable asthma despite the treatment with inhala-
tion corticosteroids combined with one or several bron-
chodilators [3].

The approach recommended by GINA experts
(phenotyping asthma patients) is based on the deter-
mination of associations between the specific asthma
phenotype and patterns of its efficient treatment.
Severe asthma (uncontrollable asthma subgroup) is

ing data confirm the non-uniform clinical patterns of
patients with uncontrollable and severe asthma, while
the TENOR 1II study demonstrated no difference in
eosinophilia levels between patients with controlled
and uncontrollable asthma [6]. Thus, the approach
based on just assessing atopy markers is not sufficient
for the efficient management of patients with the severe
or uncontrollable asthma phenotype — the physician
should also assess clinical and laboratory features of
patients.
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Our study was aimed at identifying clinical pheno-
types of patients with uncontrollable asthma based on a
cluster analysis.

Materials and Methods

We arranged a cross-sectional study that enrolled
200 patients with uncontrollable asthma. Patients were
hospitalized into the inpatient department with the
symptoms of exacerbation from January 2019 until Janu-
ary 2022. The study inclusion criteria were severe and
uncontrollable asthma diagnosed based on international
GINA criteria, with all patients administered treatment
according to Steps 4-5 of the aforementioned guidelines;
age over 18 years. Exclusion criteria: chronic obstructive
pulmonary disease; active infectious diseases, includ-
ing respiratory infections; malignancies; pregnancy. All
patients underwent laboratory tests (including complete
blood count and sputum analysis, biochemistry panel
with lipid and carbohydrate metabolism parameters).
Leptin, adiponectin (i.e. adipokine status markers), IL-6,
IL-8, IL-4, and TNF-a levels were analyzed using avail-
able commercial kits for immunoassays according to
the official instructions of manufacturers. Pulmonary
function tests were also arranged in all patients using
the BTL-08 Spiro Pro (UK) device; the final analysis
included only results of tests conducted according to
American Thoracic Society and European Respiratory
Society guidelines [7].

All patients signed the informed consent. The study
was approved by the Local Ethics Committee of NAO
Medical University Semei (Decision No. 11 dated Sep-
tember 27, 2017).

Statistical Analysis

Data were statistically processed using the SPSS Sta-
tistics 20.0 and StatTech v. 4.7.2 (StatTech LLC, Russia)
software. Quantitative parameters were analyzed con-
cerning the normal distribution using the Kolmogorov-
Smirnov test. Normally distributed quantitative param-
eters were described using mean arithmetics (M) and
standard deviations (SD), 95% confidence interval
(95% CI) limits; the Student test for independent sam-
ples was used for comparison. In cases of non-normal
distribution, quantitative data were described using
medians (Me), lower and upper quartiles (Q1-Q3).
Two groups were compared by non-normally distrib-
uted quantitative parameters using the Mann-Whitney
U-test. Categorical data were described using absolute
values and percentages; the Pearson x? test was used to
detect associations between nominal variables. Differ-
ences between the compared variables were significant
at p <0.05.

Cluster Analysis

The cluster analysis was arranged for phenotyping
patients with severe asthma. During the first step, a hier-
archic classification with the tree diagram construction
using the Ward’s method and the squared Euclidean dis-
tance assessment was arranged to determine the number
of compared groups. The subsequent Step 2 of the clas-
sification presumed the k-mean method with the inclu-
sion of the given amount of clusters determined using
the hierarchic cluster approach. The Euclidean distance
served as a measure of distance when determining both
intra- and intercluster associations. The cluster analysis
groups (over 2 non-associated samples) were compared
using the Kruskall-Wallis test with subsequent post-hoc
Bonferroni adjustment.

Results

General patient characteristics

200 patients with uncontrollable asthmawere enrolled
into the study; the median age of subjects was 53.5
(39.0-59.25) years, with the minimum and maximum
ages of 19 and 68 years, respectively. Among patients,
80 (40 %) were males, 120 (60 %) — females; the age of
males was 55 (38.75-61.0) years, that of females — 52.0
(39.75-58.0), p = 0.354. Clinical and functional charac-
teristics of subjects are presented in Table 1. Based on
the data obtained, among all patients with uncontrol-
lable asthma BMI was 27.05 (23.1-28.42) kg/m? serum
IgE levels was 107 (85.75-150.0) kU/L, FEV1 was 58.0
(55.0-65.25) %.

Cluster Analysis

During this analytical step, the hierarchic cluster
analysis was arranged to verify patient phenotypes based
on the isolation of occult group signs. As a result, a tree
diagram was constructed that helped to visually detect
3 evident trends among all parameters (17 variables;
Figure 1).

3 clusters obtained had specific differences in key
aspects of severe and uncontrollable asthma. Thus, signif-
icant differences were reported for BMI (p < 0.001 when
comparing 3 clusters) — patients from Clusters 1 and
3 had BMI corresponding to overweight, while Cluster
2 patients had normal BMI levels (p < 0.001 for 3 groups).
Besides, Clusters 2 and 3 had higher eosinophilia levels
in peripheral blood, while the IgE level over the limits
of normal was reported only in Cluster 2 (p = 0.03 for
3 clusters) (Table 2).

The first cluster included 67 patients with uncon-
trollable asthma. This patient cohort was character-
ized by older age and predominantly females. 85.1%
patients also had high BMI levels (Me 28.2 kg/m?)
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Table 1. General Clinical Characteristics of Patients

Criterion All patients Men, (n=80) Women, (n=120) P

Age, years 53,5 (39-59,25) 55 (38,75-61,0) 52,0 (39,75-58,0) 0,354°
Height, cm 164,6+7,68 (163,53-165,67) 168,54+ 8,04 (166,75-170,33) 161,97 + 6,20 (160,85-163,1) <0,001°
Weight, kg 78 (67,75-85,0) 80 (74,25-88,0) 74,5 (63,0-85,0) <0,001°
BMI, kg/m? 27,05 (23,1-28,42) 27,05 (24,1-28,4) 27,1 (22,38-28,5) 0,720
Waist Circumference, cm 92,5 (85,0-98,0) 94,68+11,46 (89,95-99,41) 90,96+11,54 (87,05-94,86) 0,219%
Office SBP, mm Hg. 130 (120-140) 130 (120-140) 130 (140-140) 0,885"
Office DBP, mm Hg 80 (80-90) 80 (80-90) 80 (80-90) 0,709°
Eophinophils, % 7 (3,0-9,0) 7 (3,0-9,0) 7 (3,75-9,0) 0,693°
Blood glucose, mmol/L 6,0 (5,1-6,8) 5,9 (5,0-6,6) 6,0 (5,17-6,93) 0,257°
Total cholesterol, mmol/L 5,2 (3,3-5,9) 5,15 (3,27-5,9) 5,25 (3,3-5,9) 0,671°
Adiponectin, ng/mL 17,14 (14,28-31,0) 18,85 (14,76-33,93) 16,65 (14,17-28,88) 0,404°
Leptin, ng/mL 15,24 (5,42-21,67) 14,64 (5,56-50,1) 15,29 (5,28-22,33) 0,448
Ig E, kU/L 107 (85,75-150,0) 108,0 (86,75-157,75) 105,0 (85,0-147,0) 0,661°
FEV1, % 58,0 (55,0-65,25) 58,0 (55,0-65,0) 60,0 (55,0-68,0) 0,220°
FVC, % 62,0 (60,0-70,0) 62,0 (58,0-70,0) 63,5 (60,0-70,5) 0,206"
TNF-a, ng/mL 34,07 (12,99-56,34) 16,79 (12,52-56,75) 35,77 (13,55-56,33) 0,495°
IL-8, ng/mL 59,29 (42,36-65,36) 59,94 (45,37-64,35) 58,51 (40,14-65,81) 0,703%
IL-6, ng/mL 8,34 (4,35-12,05) 8,48+4,88 (7,39-9,56) 8,2+4,54 (7,38-9,02) 0,68
IL-4, ng/mL 10,22 (9,93-10,31) 10,22 (9,32-10,22) 10,22 (10,22-10,71) 0,709°
Note:

a — Parametric criteria: Student’s criterion, M+SD (mean + standard deviation);
b — Non-parametric criteria: Mann-Whitney U-test, Me(IQR), Q1-Q3

corresponding to overweight. Clinically patients were
characterized by more significant obstructive respira-
tory patterns based on the pulmonary function tests
(FVC 60.0% (55.0-62.0), FEV1 55% (48.0-57.0)).
More severe lipid metabolism disorders with the high-
est leptin levels (19.18 ng/mL (14.52-22.64)) among all
patients enrolled in the study were typical for patients
from this cluster. At the same time, eosinophilia absence
(2 (1-3)), and cytokine profile levels (mainly TNF-a and
IL-4) corresponded to minimum values. Thus, this clus-
ter was characterized by the “metabolic” type of clinical
& laboratory alterations.

Cluster 2 was the smallest one and included only
34 patients. These were young (Me age 38.5 years)
patients with normal BMI. This cluster was character-
ized by high IgE (145.5 kU/mL) levels and hypereosino-
philia in peripheral blood (Me 9% (7-11)). This cluster
was also characterized by moderately altered pulmo-
nary ventilation (with Me FVC 72.0%). Leptin levels
were minimum. At the same time TNF-a (53.05 ng/mL
(15.6-62.41)) and IL-4 (10.22 ng/mL (10.22-14.02))

were the highest among the general patient cohort
(n = 200), which determined a more significant level of
patient hypersensitization (“allergic” type of laboratory
& instrumental alterations).

Cluster 3 was the most numerous one, enrolling
99 patients. Two thirds of patients in this group were
females, with 55.6 % patients having a metabolic syn-
drome. This cluster was characterized by moderate
hypereosinophilia (7% (5-9)) and normal IgE levels.
Clinically patients had significantly impaired pul-
monary ventilation with Me FVC 64.0%, as well as
increased pro-inflammatory cytokine leves (especially
IL-8 and TNF-a). This cluster was characterized by an
“intermediate” type of disorders corresponding to Clus-
ters 1 and 2.

Accounting for the established differences in pro-
inflammatory cytokine levels, primarily IL-4 and TNF-a
among Cluster 1 and 2 patients, as well their moderate
increases in Cluster 3 patients combined with moder-
ate hypereosinophilia, we arranged a binary regression
analysis evaluating an association of hypereosinophilia
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Figure 1. Dendrogram showing three main trends in the studied parameters

with the aforementioned pro-inflammatory cytokines
(Figure 2). Thus, we have demonstrated that hypereosin-
ophilic response in patients with asthma may be medi-
ated not only by IL-4, but also TNF-a and IL-8 levels.

Discussion

The clinical approach to the classification of
patients with severe or uncontrollable asthma has
dominated recently in literature. Thus, the following
patient cohorts were defined: childhood-onset asthma,
allergic asthma with or without eosinophilia, asthma in
patients with obesity, and asthma in smokers [8-11].
Later the results of classification for this patient cat-
egory were presented based on the cluster analysis;
according to one of those, 2 patient phenotypes were

identified — the first class with eosinophilic asthma
characterized by later symptom manifestation, combi-
nation with rhinosinusitis, and frequent exacerbations,
and the second class with non-eosinophilic inflamma-
tion, typical early onset, commonly detected in patients
with obesity [12,13]. Thus, 2 main asthma endotypes
were formed [4]. Besides, the possibility of combina-
tion of several phenotypes in one patient, as well as
their transformation during the disease course have
been proven extensively [14].

Our study is characterized by a specific concordance
of results with articles published earlier [9,13,15]. Thus,
we also identified two evident immune reaction vari-
ants in patients with uncontrollable asthma. However,
another (intermediate) phenotype was determined
during the cluster analysis described. A study published
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Table 2. Characteristics of patients in the 3 clusters

Parameter Cluster 1, n=67 Cluster 2, n=34 Cluster 3, n=99 P
Age, years 56 (42,5-61,0) 38,5 (32,5-51,0) 55,0 (44,0-60,0) <0,001*
Sex:
Male 32 (47,8%) 15 (44,1%) 33 (33,3%)
0,153*
Female 35 (52,2%) 19 (55,9%) 66 (66,7 %)

MS, % 57 (85,1%) 0(0%) 55 (55,6%) <0,001%
BMI, kg/m2 28,2 (27,3-29,75) 21,25 (20,12-22,3) 26,4 (23,11-28,35) <0,001*
Eosinophils, % 2 (1-3) 9 (7-11) 7 (5-9) <0,001*
Adiponectin, ng/ml 15,6 (14,4-19,45) 32,47 (23,3-54,3) 16,61 (13,05-28,4) <0,001*
Leptin, ng/ml 19,18 (14,52-22,64) 4,53 (3,2-6,5) 15,26 (5,52-22,3) <0,001*
AST test 10 (9-12) 15 (12-16) 12 (10-14) <0,001*
FEV1, % 55 (48,0-57,0) 68,5 (65,0-71,5) 61,0 (55-66) <0,001*
FVC, % 60,0 (55,0-62,0) 72,0 (68,0-77,75) 64,0 (60,0-70,0) <0,001*
FEV1/EVC 58,0 (52-59) 71,0 (63,5-75,0) 62,0 (58,0-68,0) <0,001%
E;;:Efiﬁgi}khte 200,0 (195-220) 300,0 (300-320) 250,0 (230-280) <0,001%
EZ;‘i‘:zzl;i f:l;ate 260,0 (250-280) 380 (362,5-395) 320,0 (300-350) <0,001*
IgE, kU/I 105,0 (101,5-115,1) 145,5 (94,5-168,7) 88 (74-102) <0,001*
TNF-a, Hr/M1 11,98 (6,42-13,57) 53,05 (15,6-62,41) 49,56 (14,57-56,41) <0,001%
IL-8, ur/Mn 63,45 (61,24-66,22) 33,46 (22,17-45,73) 58,45 (43,01-65,73) <0,001%
IL-6, ur/mn 11,31 (9,04-12,95) 5,08 (2,09-6,15) 8 (3,79-11,6) <0,001*
IL-4, ur/Mon 9,2 (9,37-10,1) 10,22 (10,22-14,02) 10,1 (8,84-10,44) 0,03*

Note: *Kruskal-Wallis test; *Pearson’s chi-square test; quantitative variables: Median (Q1-Q3); nominal variables: number (%)

TNFa

IL4

IL8

IL6

12

OR, 95%CI

1,046 (95% CI 1,022-1.070), p<0,001

1,326 (95% CI 1,132-1,554), p<0,001

1,054 (95% CI 1,024-1,085), p<0,001

1,117 (95% CI1 0,971-1,283), p=0.119

Figure 2. Estimated odds of developing hypereosinophilia as a function of pro-inflammatory cytokine levels in patients
with difficult-to-control asthma
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earlier that enrolled over 1,500 patients and was based
on the discrete cluster analysis with the evaluation of
specific biomarkers (IgE, eosinophil count in periph-
eral blood, NO fraction in exhaled air) determined
5 patient phenotypes, stressing out various endotype
combinations among the clusters formed [16]. Thus,
the first cluster defined by authors was mainly pre-
sented by older females with elevated BMI and rather
low eosinophil counts. This cluster almost completely
corresponded to the phenotype identified by us (“meta-
bolic” Cluster 1). We also demonstrated a syndemic of
asthma and metabolic syndrome typical for the clus-
ter — that manifested as increased leptin levels among
patients (Me leptin level was 19.18 ng/mL (14.52-
22.64)). Besides, we additionally analyzed pro-inflam-
matory interleukins — those demonstrated low impact,
primarily IL-4 in this cluster. Our Cluster 2 (“aller-
gic” phenotype) had similar laboratory signs to those
in the aforementioned study, i.e. increased IgE levels
and hypereosinophilia. At the same time, in our study
this cluster was characterized by less severe obstruc-
tive respiratory alterations, which may probably help
to identify only several features of Clusters 4 and 5 in
t [16]. Cluster 3 (“intermediate” phenotype) included
overweight patients with a slight predominance of
females, moderate hypereosinophilia, and increased
IgE levels — this fact helped to identify Cluster 4 fea-
tures in it. This aspect significantly expands our under-
standing of pathogenetic associations in severe and
uncontrollable asthma, in particular in the context of
target biological therapy.

However, this is not the only study that evaluated
biomarkers among patients with asthma. Thus, an article
recently published by Japanese authors defined 3 clus-
ters of patients with asthma [17]. The following 3 patient
phenotypes were analyzed: Cluster 1 with late onset
and low-granulocytic blood type; Cluster 2 with obe-
sity and neutrophilia; Cluster 3 with early disease onset,
atopy, and eosinophilia. Besides, authors tried to iden-
tify all three clusters after dividing patients into 2 groups
(> 65 and < 65 years), thus demonstrating not only the
clinical asthma phenotype, but also the risk of asthma
exacerbations among 3 established clusters with their age
associations.

One of the factors reflecting pathogenetic mecha-
nisms of severe asthma is the cytokine patient status.
Several cytokines with very important roles in asthma
pathogenesis have been identified. Thus, Th2 asthma
is associated with the enhanced production of IL-5,
IL-4, and IL-13 produced by these cells [18]. IL-5 pro-
motes hypereosinophilia maintenance in lungs, includ-
ing its increased levels in the sputum [19]. On the other
hand, non-Th2 asthma is mainly caused by neutrophilic
inflammation, which mechanisms are still not clear [11].

Neutrophilia detected in this asthma endotype may be
also mediated by the administration of corticosteroids,
but on the other hand it may act as a factor of treatment
resistance. Tumor necrosis factor a (TNF-a) is one of the
cytokines playing a role in non-Th2 asthma. TNF-a inter-
acts with IL-17, enhances neutrophilic migration, and
also stimulates the production of IL-4, IL-5, and IL-13
[18,20]. Thus, TNF-a may be considered one of the key
factors in severe and uncontrollable asthma. In our study
the increased levels of this cytokine were detected among
Cluster 2 and (to a lesser extent) Cluster 3 patients. Its
increased levels among Cluster 2 patients (“allergic vari-
ant”) was also combined with higher IL-4 levels. Besides,
IL-8, an active neutrophil chemoattractant, was also ana-
lyzed in our study. Several studies have demonstrated
that specifically IL-8 analyzed in blood and respiratory
secretions is a key factor of neutrophilic inflammation in
patients with severe asthma [21, 22]. Besides, IL-8 may
be probably considered a predictor of response to the
future corticosteroid therapy [23]. We also demonstrated
that the increased level of this cytokine was associated
with severe asthma phenotypes, with its largest values
observed among Cluster 1 patients having more signifi-
cant metabolic disorders.

Conclusion

Thus, the analysis presented demonstrated a patho-
physiological non-uniformity of patients with uncon-
trollable and severe asthma, manifesting as several
phenotypes. This fact underscores the need for person-
alized approach to the patient management, which is
especially important when recommending biological
therapy in asthma patients. Thus, the approach based
on the analysis of only threshold levels of specific labo-
ratory parameters is not suitable in this variable patient
category. At the same time, the strategy based on the
combined analysis of pro-inflammatory markers with
the adipokine status assessment using three clusters
presented by us may form the basis for the personified
treatment strategy in patients with uncontrollable and
severe asthma.
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Infective Endocarditis in Patients
on Maintenance Hemodialysis

Pesiome

AHHOTaumA. AKTYasbHOCTb Npo6/ieMbl ONpesesIAeTCa YBeMYEHNEM PacrpOCTPaHEHHOCTU 3aMeCTUTE/IbHOW noYeyHoi Tepanuu (3MT) n ceasaH-
HbIX C Hell MHPEKLMOHHbIX OCIOXKHEHUIA, B TOM YMC/ie MHPEKLMOHHOIO SHAOKapamuTa (M) — 3a6oneBaHMA C BbICOKOW CMEPTHOCTbIO U Hebaaro-
NPUATHBIM NPOrHo3oM. Llenb nccnegoBanma. M3yuntb 0CO6eHHOCTM TeYEHUA, KAMHNYECKUEe XapaKTePUCTUKK, 1abopaTOPHO-UHCTPYMEHTabHbIe
napaMmeTpbl U UCXOAbI V13 y NauMeHTOB, MONy4aloLWmx e4eHre NporpaMMHbIM remoavanvsom (MrA). Matepuan u metogbl. O6cneposaHbl 371 na-
uMeHT c onpegeneHHbiM N3 (MoaguduumposaHHbie DUKE-kpuTepun), rocnutanmnsmposaHHbie ¢ 2000 no 2024 r. U3 Hux 23 (6,2 %) nauyuveHTta
nony4anu NI/ B aMbynaTopHbix AvanvsHbix LeHTpax CapaToBckol obnactu. [pynny cpaBHeHms cocTaBunmn 348 naumneHTos c M3, He HyxAaato-
wuxca B 3MT. PesynbTaTtel. MegnaHa Bo3pacta nayueHTos ¢ M3 Ha Il coctasuna 51 [38; 56] roa. AnanusHeln ctax 13 [2;58,5] Mec. YacTtoTa
BCcTpeyaeMocTn M3 B uccnepyemoit Koropte coctaewna 6,2 % (23 n3 371 naumenta ¢ M3). MonoxutenbHas reMokynbTypa nonyyeray 14 (60,8 %)
naumeHToB ¢ M3 Ha NI [, 3010TUCTbIN cTadUNOKOKK BbiAeneH y 9 (39 %) u aHTepoKoKK — Y 5 (21,7 %). Y 6obwinHCTBa NayuneHTos Ha MIJ, oTMe-
YeHa 1eBOCTOPOHHAA nokanusauus M3 (17 (73,9 %)), Kak 1 B rpynne cpaBHeHus. B rpynne nauueHToB ¢ M3 Ha M/} okasaamcb 3Ha4MMO BbiLle Ya-
CTOTa OCTPOro TeueHWs 3a6o/1eBaHusA, CaxapHOro AuabeTa, HEBPOIOrMYECKMX OCNoKHeHMI (p <0,05), a Takxe 60/1ee BbICOKME KOIMYECTBEHHbIE
3Ha4YeHUs MapKepoB CUCTEMHOrO BoCMaseHns: C-peakTMBHOrO NPOTenHa, NpoKanbLMToHnHa (p <0,05). MHgekc koMop6uaHocTu Charlson 6bin
BbllUE, aHEMMA 1 TpOM6oLMTONEHUA 60/1ee BbipaxKeHbl y naumeHTos ¢ M3 Ha NI 4, (p <0,05). FocnuTanbHas netanbHocTs npu M3 Ha Ml [, coctasuna
52,17 % npotus 17,8 % B rpynne cpaeHeHus (OR 4,228, 95% AW: 1,784 — 10,02; (p <0,05)). 3akntouenue. M3 y naumentos Ha Ml — nHdek-
LIMOHHOe 3aboneBaHWe, acCOLMUPOBaHHOE C MEeAULMHCKUM BMeLlaTe/IbCTBOM, Bbi3biBaeMOe, I/1aBHbIM 06Pa30M, 30/10TUCTLIM CTaPUIOKOKKOM.
M3 Ha MI[] xapaKTepn3yeTca OCTPbIM TeYEHNEM, BbIPaXKEHHOCTbIO BOCNA/NNTE/IbHON PeaKLMm, BbICOKOWN NeTabHOCTbIO. B CBA3M C NOBbILWIEHHbIM
pvickoM paseuTua M3 y naumenToB Ha [/ 1n3-3a sKcnayaTaumm cocyancToro AocTyna v HebnaronpuaTHLIM NPOrHO30M, MaLMeHTaM noKasaHbl
CTPOrue Mepbl aCENTUKU, SXOKapAMOrpadUIecKoe UCCAeL0BaHUE MPU KAMHUYECKOM NoA03peHnn Ha WD (Heo6bACHUMOI inxopaake). B BegeHun
nauuneHToB ¢ M3 Ha Ml cyuiecTByoT 0C06€HHOCTM aHTUbaKTepranbHOM Tepanuu, AMannsHon Tepanum 1 NPOGUAAKTUKM C LeaIblo MUHUMU3aUnm
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Abstract

Background. The relevance of the problem is determined by the increasing prevalence of renal replacement therapy and associated infectious
complications, including infective endocarditis (IE) — a disease with high mortality and poor prognosis. Aim. To study the clinical characteristics,
laboratory and instrumental parameters, and outcomes of IE in patients undergoing maintenance hemodialysis (HD). Materials and methods.
A total of 371 patients with definite IE (modified DUKE criteria) hospitalized between 2000 and 2024 were examined. Of these, 23 patients
received maintenance HD at outpatient dialysis centers in the Saratov region. The control group consisted of 348 patients with IE who did
not require renal replacement therapy. Results. The mean age of dialysis patients with IE was 51 [38; 56] years, with a dialysis duration of
13 [2; 58.5] months. The prevalence of IE in the studied cohort was 6.2 % (23 out of 371 patients with IE). Positive blood cultures were obtained
in 14 (60.8 %) of patients with IE on maintenance HD, with Staphylococcus aureus isolated in 9 (39 %) and Enterococcus in 5 (21.7 %) cases.
Left-sided IE localization was observed in the majority of maintenance HD patients (17 (73.9 %)), similar to the comparison group. Patients with
IE on maintenance HD exhibited a significantly higher frequency of acute disease progression, diabetes mellitus, and neurological complications
(p <0.05), along with elevated quantitative levels of systemic inflammation markers, such as C-reactive protein and procalcitonin (p <0.05).
The Charlson comorbidity index was higher, and anemia and thrombocytopenia were more severe in patients with IE on maintenance HD
(p <0.05). Hospital mortality in IE patients on maintenance HD was 52.17 %, compared to 17.8 % in the comparison group (OR 4.228, 95 % Cl:
1.784-10.02; p <0.05). Conclusion. IE in patients on maintenance HD is a healthcare-associated infection primarily caused by Staphylococcus
aureus. IE in maintenance HD patients is characterized by an acute course, severe inflammatory response, and high mortality. Due to the
increased risk of IE in maintenance HD patients related to vascular access use and poor prognosis, strict aseptic measures and echocardiographic
evaluation in cases of clinical suspicion of IE (e.g., unexplained fever) are recommended. The management of IE in maintenance HD patients
requires specific approaches to antibiotic therapy, dialysis treatment, and prevention to minimize risk factors, necessitating multidisciplinary
collaboration among specialists.
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AV prosthesis — arteriovenous prosthesis, AVF — arteriovenous fistula, RRT — renal replacement therapy, IE — infective endocarditis, PHD — program
hemodialysis, CKD — chronic kidney disease, CKD-5D — chronic kidney disease, Stage 5 (dialysis-dependent stage), EchoCG — echocardiography

Introduction , o
Hospital and annual mortality in “dialysis” IE exceeds

Infectious endocarditis (IE) is a disease with unfa-
vorable prognosis and high mortality [1]. Modern IE
is characterized by the trend to increased incidence
and clinical variability, with several IE forms associated
with medical care specifically contributing to it [2]. One
example is IE in patients with chronic kidney disease
(CKD) Stage 5 administered renal replacement therapy
(RRT) with program hemodialysis (PHD). The preva-
lence of IE in patients administered PHD is 2.9 %, which
is 50-180 fold higher than in the general population [3].
This is due to the following risk factors of IE reported
among patients with CKD-5D: relapsing bacteremia due
to constant vascular access, heart valve calcification due
to impaired phosphorus-calcium metabolism, immuno-
suppression in patients with uremia, comorbidity [4].

those parameters in the “non-dialysis” population [3, 4].
Poor prognosis and high mortality level underscore the
need for early IE diagnosis in PHD, detection of high-
risk patients, and development of treatment and preven-
tion strategies [3, 5]. The effective management of such
patients requires multidisciplinary approach and coordi-
nated operations of various specialists [6].

The Department of Hospital Therapy of Saratov State
Medical University (SMU) has been studying the IE issue
for many years, with the multidisciplinary inpatient
department as the main clinical base — this includes
three cardiological departments, nephrology and renal
replacement therapy departments. The department and
inpatient employees have an experience in managing
patients with IE in PHD.
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Study objective: analyzing features of the course,
clinical-laboratory characteristics, and outcomes of inpa-
tient IE treatment in patients with CKD Stage 5 admin-
istered PHD.

Materials and Methods

371 patients with definite IE (according to the modi-
fied Duke criteria) [2] were examined during their treat-
ment in SBI Regional Clinical Hospital of Saratov City
within the period from 2000 until 2024. 23 patients
received PHD due to CKD Stage 5 in outpatient dialy-
sis centers of Saratov City and the Saratov Region. Apart
from the standard examination, all patients underwent
transthoracic echocardiography (EchoCG) (transesoph-
ageal EchoCG was arranged in 7 patients) with three
blood cultures sampled to verify IE. The results obtained
in patients with IE in PHD were compared to those in
348 patients that did not require treatment with dialysis.
All examined patients were included into the IE patient
database (Rospatent Certificate on State Database Autho-
rization No. 2024625267 dated November 18, 2024).

Materials were statistically processed using StatTech
4.6.1 software (developed by “StatTech LLC, Russia).
Quantitative parameters were assessed regarding normal
distribution using the Shapiro-Wilk test (for < 50 sub-
jects) or the Kolmogorov-Smirnov test (for > 50 sub-
jects). Normally distributed quantitative parameters

2; 9%

1; 4%

2; 9%

3;13%

5;22%

were described using mean arithmetics (M) and stan-
dard deviations (SD), 95 % confidence interval (95 % CI)
limits. Concerning non-normal distribution, quantita-
tive signs were presented as medians (Me) [lower and
upper quartiles (Q1; Q3)]. Two groups were compared
in quantitative parameters with the normal distribution
(provided variance was equal) using the Student’s test, for
unequal variance — using the Welch’s t-test, and for non-
normal distribution — using the Mann-Whitney U-test.
Binary categorical signs in two groups were compared
in the confusion matrix analysis using the Pearson’s chi-
square test (with the expected event values > 10) or the
exact Fischer’s test (with those values < 10). The odds
ratio (OR) with 95 % confidence intervals (CIs) were cal-
culated to assess the association between the analyzed
risk factor and the primary outcome. Statistically signifi-
cant differences were considered with p < 0.05.

Results

The median patient’s age with IE in PHD was 51
[38; 56] years, with the PHD duration of 13 [2; 58.5]
months. Classic hemodialysis was used as a PHD method
in 19 (82.6%) of 23 patients, hemodiafiltration — in
4 (17.4 %) patients. The incidence of “dialysis” endocar-
ditis in the analyzed cohort was 6.2 % (23 of 371 patients
with IE). The character of primary nephropathy patients
with “dialysis” IE is presented in Figure 1.

= [MnepToHuyeckan 6onesHb/Essential
Arterial Hypertension

= CaxapHblit anabet/Diabetes mellitus

9 399 = NMonnkucros noyek/Polycystic kidney
! disease

= XpOHUYECKni
rnomepynoHedpput/Chronic
glomerulonephritis

= CuHgpom lNyanacuyepa/Goodpasture
Syndrome

= alYC+A®/1C/aHUS+APS

m XpoHuueckuii nuenoHedpput/Chronic
Pyelonephritis

Figure 1. Types of nephropathy leading to renal replacement therapy in patients with infective endocarditis on maintenance

hemodialysis (n=23)

Note: aHUS — atypical hemolytic-uremic syndrome, APS — antiphospholipid syndrome
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The following bacteremia sources were detected in
patients with IE in PHD: arteriovenous fistula (AVF)
(in 6 (26.1 %) patients), vascular prosthesis (1 (4.3 %)),
permanent dialysis catheter/central venous catheter
(16 (69.6%)). Positive blood cultures were obtained
in 14 (60.8 %) patients with IE in PHD. Staphylococ-
cus aureus was isolated in 9 (39 %), Enterococcus — in
5 (21.7 %) patients.

The left-sided endocarditis was detected in
17 (73.9%) patients with IE in PHD, right-sided — in
6 (26.1%) patients. In 20 (91.3 %) patients IE affected
one heart valve; two valves were affected in 3 (8.7 %)
patients. Aortic valve IE was observed in 11 (47.8 %),
mitral valve IE — in 9 (39.1%), and tricuspid valve
IE — in 5 (22 %) patients. Simultaneous lesions of two
valves were detected in 2 (8.7 %) (mitral + aortic) and in
1 (4.3 %) (aortic + tricuspid) patients, respectively (Fig.
2). No significant differences in valvular lesion rates were
detected in the control group.

All examined patients with IE were administered
antibiotics in accordance with recommendations on
the treatment of this disease [1, 2]. Cardiac surgery
was arranged in 5 (21.7 %) patients with IE in PHD and
82 (26 %) in the control group (p > 0.05).

Features of several demographic, clinical, and labora-
tory parameters of examined patients with IE are pre-
sented in Table 1.

Febrile undulating fever with chills was the most
common sign in both groups of patients with IE (in all
patients with IE in PHD and in 321 (92 %) patients in
the non-dialysis group). No significant differences were
detected between groups concerning the rate of large
vegetations, peripheral symptoms, cutaneous hemor-
rhagic vasculitis, emboli, myocardial and hepatic lesions
(p > 0.05). At the same time the rate of acute disease
course, diabetes mellitus, neurological complications
was significantly higher in the group of patients with IE
in PHD (Table 1; p < 0.05). Hospital mortality in IE in
PHD was 52.17% vs. 17.8 % in the control group (OR
4.228 (95% CI: 1.784-10.02; p = 0.0012).

Table 2 defines several parameters of patients with
“dialysis-associated” IE (n = 23) depending on the
inpatient treatment outcome (deceased and survived
patients).

Significant differences were observed between
the survived and deceased patients with IE in PHD
(Table 2): deceased ones had higher peripheral
white blood cell counts (p = 0.005), fibrinogen levels
(p = 0.027), erythrocyte sedimentation rate (p = 0.01),
and lower systolic BP levels (p = 0.017). At the same
time, left ventricular hypertrophy parameters (myocar-
dial weight and myocardial mass index) were higher in
the group of survived patients (p = 0.017 and p = 0.039,
respectively).

Figure 2. Subacute staphylococcal infective endocarditis of the native aortic and tricuspid valves in a 37-year-old female
(left — parasternal long-axis view, PLAX; right — apical 4-chamber view, A4C).

Details. A hyperechoic, round, fixed structure measuring 0.6 cm is observed on the non-coronary cusp. A hyperechoic, mobile structure measuring 1.0 x 0.4 cm is present on
the anterior coronary cusp. A hyperechoic, mobile structure measuring 2.0 x 0.5 cm is noted on the anterior leaflet of the tricuspid valve




Apxusb BHyTpeHHEe MepArumHbL ® Ne 5 o 2025

OPUTMHAABHBIE CTATHU

Table 1. Clinical and laboratory characteristics of patients with infective endocarditis (n=371)
receiving and not receiving maintenance hemodialysis

o . _ Maintenance hemodialysis

Parameters Non-dialysis IE patients (n=348) patients (n=23) p-value

Age (years) 42,50 [33,75; 54,00] 51,00 [38,50; 56,00] 0,128
Male 241 (69,3 %) 17 (73,9%)
Gender, n (%) 0,638
Female 107 (30,7 %) 6 (26,1%)
Course of infective Acute IE 96 (27, 6 %) 16 (70 %) .
endocarditis, n (%) p <0,001
? Subacute IE 252 (72,4 %) 7 (30 %)

Diabetes mellitus, No Diabetes 328 (94,3%) 18 (78,3%) 0.003*
n (%) Diabetes 20 (5,7 %) 5(21,7 %)
In-hospital mortality, Deceased 62 (17.8%) 126217%) 0,0012
n (%) Survived 286 (82,2%) 11 (47,82%)
Neurological Yes 54 27,5%) 1372.2%) p=0,000*
complications, n (%) No 248 (72,5%) 5(27,8%)
Charlson comorbidity index (points) 2,00 [1,00; 3,00] 4,00 [3,00; 5,00] <0,001*
Red blood cells (*10712/L) 3,70 3,205 4,20] 2,75 [2,54; 3,08] <0,001*
Hemoglobin (g/L) 108,00 [92,50; 125,00] 96,00 [79,50; 100,00] 0,004*
Platelets (x1079/L) 203,00 [154,50; 265,00] 176,00 [129,50; 232,50] 0,465
Erythrocyte sedimentation rate (mm/h) 29,00 [14,00; 39,00] 40,00 [28,00; 53,00] 0,011
Fibrinogen (g/L) 4,50 [3,90; 6,00] 6,00 [5,03; 6,92] 0,053
Albumin (g/L) 35,00 [30,00; 40,00] 34,15 [29,75; 36,02] 0,399
Total cholesterol (mmol/L) 4,00 [3,45; 4,90] 3,50 [3,00; 3,98] 0,037*
Total bilirubin (umol/L) 15,00 [12,00; 18,05] 11,20 [7,95; 15,50] 0,016*
C-reactive protein (mg/L) 36,00 [12,00; 96,00] 96,00 [71,00; 180,00] <0,001*
Procalcitonin (ng/mL) 0,40 [0,10; 1,00] 11,00 [1,05; 13,38] 0,004*
Natriuretic peptide (pg/mL) 2850,00 [905,25; 3375,00] 2204,00 [2203,50; 2204,50] 0,398
Systolic blood pressure (mmHg) 110,00 [110,00; 120,00] 130,00 [125,00; 140,00] 0,002%
Diastolic blood pressure (mmHg) 70,00 [60,00; 70,00] 80,00 [70,00; 80,00] 0,049*
Left ventricular posterior wall (cm) 1,10 [1,00; 1,22] 1,25 [1,165 1,39] 0,041*

Note: * — p<0.05. For p<0.05, the exact significance value of the test is provided. Non-normally distributed data are presented as Me [Ql; Q3].

Discussion

Patients with IE in PHD did not differ from the “non-
dialysis” group with IE in demographics (gender, age).
A younger age than the mean age of patients with IE
described in the literature is a feature of patients exam-
ined by us [2].The trend to increasing age is observed
among patients with IE, including that associated with
medical care [2]. The same trend is observed by us, but
mainly in the latest decade, while the database of exam-
ined patients covers a rather large time period. The pre-
dominance of males among patients with IE confirms

global, European, and Russian data, regardless of whether
patients are on dialysis or not [1, 2].

The risk of IE in PHD rises when using a central
and permanent dialysis catheter, while it is lower with
AVF and arteriovenous (AV) prosthesis as a vascu-
lar access method for dialysis. The least risk of blood-
stream infections and IE is associated with AVF [7].
Due to this, preventive AVF before the start of per-
manent RRT is recommended in patients in PHD for
the prophylaxis of IE and its relapses [5]. AVF is con-
sidered a safer option compared to the central venous
catheter, as it demonstrates a lower rate of bacteremia.
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Table 2. Comparative characteristics of patients with dialysis-associated infective endocarditis (n=23)

based on the outcome of inpatient treatment

Outcome
Parameters p-value
Survivors (n=12) | Non-survivors (n=11)

Age (years) 48,80 (8,11) 48,09 (16,45) 0,903
Dialysis duration (months) 20,5 [3,5; 101] 9,5 [2; 43,5] 0,414
Charlson comorbidity index (points) 3,50 [3,00; 4,75] 4,00 [3,00; 5,00] 0,642
Systolic pulmonary artery pressure (mmHg) 47,00 [43,00; 71,00] 52,00 [51,50; 61,50] 0,354
Left ventricular ejection fraction (%) 61,81 (5,84) 57,50 (7,42) 0,294
Left ventricular myocardial mass (g) 367,75 (36,04) 272,33 (34,65) 0,017*
Left ventricular mass index (g/m?) 209,40 (34,22) 148,00 (26,51) 0,039*
Fibrinogen (g/L) 4,88 (0,94) 7,30 (1,13) 0,027*
Albumin (g/L) 36,00 [30,50; 36,80] 30,00 [29,50; 30,00] 0,298
C-reactive protein (mg/L) 71,00 [49,00; 79,05] 96,00 [96,00; 126,50] 0,120
Procalcitonin (ng/mL) 5,55 [1,05; 10,50] 8,04 [4,05; 12,02] 1,000
Hemoglobin (g/L) 98,00 [96,00; 103,75] 86,00 [79,50; 93,00] 0,362
Leukocytes (x1079/L) 8,33 (3,78) 14,24 (2,20) 0,005%
Band Neutrophils (%) 7,29 (4,23) 13,86 (3,24) 0,007*
Platelets (x1079/L) 207,83 (113,73) 175,00 (67,22) 0,665
Erythrocyte sedimentation rate (mm/h) 27,00 [23,25; 28,50] 56,00 [45,00; 60,00] 0,01*
Systolic blood pressure (mmHg) 138,33 (7,53) 120,00 (10,00) 0,017*
Diastolic blood pressure (mmHg) 80,00 (8,94) 63,33 (15,28) 0,072

Note: * — p <0.05. For p <0.05, the exact significance value of the test is provided. Data are presented as mean + SD for normally distributed variables and median [IQR] for non-

normally distributed variables.

However, a high blood flow rate via AVF (= 1500 mL/min)
may create a turbulent flow that can potentially damage
the endocardium, especially in patients with pre-exist-
ing valvular diseases. This proposal requires additional
research, as currently no direct evidence concerning
this issue is published in the literature. It is considered
important to control the “discharge” rate via the fistula to
prevent this endocardial injury.

It is evident that the vascular access, which is a source
of bacteremia in IE, should be removed/replaced. Some
authors conclude that transferring the patient with IE to
peritoneal dialysis is an efficient strategy [7].

Blood culture results presented by us completely
correspond to literature data about the etiology of IE
in patients in PHD. Staphylococcus aureus (most often
MSSA, although the role of MRSA increases) is the main
cause of bacteremia in patients in PHD [7]. With the
vascular access, skin becomes the main source of caus-
ative agents that enters the bloodstream, although the
role of nasal carriage cannot be excluded. Enterococci
are second in the list [3, 5]. Staphylococcal etiology pre-
dominantly explains the acute IE course in patients in

PHD, as it is typical for this highly virulent pathogen.
This may also explain the systemic inflammation severity
and higher levels of such markers as C-reactive protein,
procalcitonin, erythrocyte sedimentation rate (p < 0.05).
High inflammatory reaction activity is also impor-
tant regarding poor outcomes of inpatient treatment in
patients with IE on PHD (Table 2).

An issue of vascular access in IE in patients in PHD
requires an individual approach in each case: not enough
controlled studies have been conducted regarding this
problem [7]. However, one should follow international
guidelines, including those concerning the management
of patients with vascular access infections/catheter-asso-
ciated bloodstream infections. They are associated with
biofilms, which are often resistant to systemic antibiotics.
In cases of fever lasting over 48-72 hours, bacteremia,
sepsis it is recommended to immediately remove the
dialysis catheter [8].

Left-sided IE lesions were predominant among exam-
ined patients in PHD. One should also not a sufficiently
high rate of right-sided lesions, especially concerning
the absence of injection drug users among our patients
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in PHD. A variable rate of left- and right-sided cardiac
lesions in IE in PHD is described in the literature. Left-
sided lesions are most common, although enough atten-
tion is also paid to right-sided and tricuspid valve lesions.
Left-sided IE lesions in patients in PHD are caused by
high pressures in left cardiac chambers, hemodynamic
risk factors in IE also include pulmonary hypertension
and hypervolemia [9]. Infected blood flow from the
vascular access devices, injury of endothelium in major
veins, atrial endocardium, and the tricuspid valve by
implantable dialysis catheters, endocardial micro-inju-
ries by air bubbles due to turbulent blood flow in the
tubing system and the dialyzer play a role in the patho-
genesis of right-sided IE lesions [9, 10].

When analyzing EchoCG data, left ventricular poste-
rior wall thickness was signifreantty higher in the dialysis
group compared to the group of patients not adminis-
tered PHD (p = 0.041) (Table 1), which may be associ-
ated with a higher level and prolonged hypertension in
these patients. The same parameters were higher is sur-
vived patients, while the BP level was lower in deceased
patients when comparing two subgroups of patients with
IE in PHD with different outcomes (p < 0.05) (Table 2).
Lower BP is an indirect feature of the activity of the infec-
tious process affecting the endothelium. Thus, the bacte-
rial infection may promote or worsen the pre-existing
intra-dialysis hypotension. Otherwise, no significant dif-
ferences in echocardiographic parameters were detected
in groups of patients with IE administered or not admin-
istered PHD (Table 1). The majority of EchoCG parame-
ters are probably determined predominantly by the loca-
tion of valvular lesions, which was detected with similar
rates in both groups.

One should account for several features of using
echocardiography and interpreting its results in patients
administered PHD. Excessive fluid removal during the
dialysis procedure may decrease the cardiac cham-
ber volumes, affecting the myocardial contractility.
This reflects on several EchoCG parameters (e.g., end-
diastolic volume, end-systolic volume, left ventricular
ejection fraction) [11]. Hypervolemia correction and
decreased pressures in cardiac chambers decrease the
functional valvular regurgitation degree, although the
latter one is not affected in organic valvular lesions.
Thus, specific EchoCG parameters may differ before and
after hemodialysis/hemodiafiltration [11]. The character
of changes depends on the baseline condition of the car-
diovascular system, volume of the fluid removed, and
ultrafiltration time/rate during dialysis. Thus, it is feasi-
ble to arrange EchoCG with the normal hydration status
(preferably during the first day after the procedure), or if
it is impossible (e.g., in urgent examinations), consider-
ing the time elapsed from the previous dialysis in order
to assess several intracardiac hemodynamics parameters
correctly.

It was expected to observe the differences of the
dialysis IE patient cohort from those not administered
PHD in the comorbidity index and severity of anemia,
with the latter one specific for terminal renal failure.
The diabetes mellitus rate was significantly higher in
the group of patients in PHD compared to others —
21.7 % and 5.8 %, respectively (p = 0.003). It is interest-
ing to note that all 5 (21.7 %) dialysis patients with IE
had Type 1 DM.

Antibiotic IE therapy in patients in PHD is admin-
istered based on general regulations and principles of
IE treatment, with antibiotics active against staphy-
lococci/enterococci recommended during the initial
treatment (before isolating the pathogen). However, it
is important to adjust dosages of antibiotics account-
ing for clearance and pharmacodynamics features in
patients with CKD Stage 5D during hemodialysis/hemo-
diafiltration. It is recommended to administer antibi-
otics immediately after dialysis to maintain efficient
therapeutic levels. The low rate of binding with plasma
proteins and a low molecular weight of the antibiotic
promote adequate drug elimination during hemodialy-
sis/hemodiafiltration. On the contrary, the high rate of
binding with proteins significantly limits drug elimi-
nation by all dialysis methods. Using high-flow mem-
branes during hemodiafiltration promotes efficient
removal of antibiotics (e.g., daptomycin) despite their
high molecular weights. It is recommended to monitor
blood levels and account for nephrotoxicity of antibiot-
ics with a narrow therapeutic index (vancomycin, ami-
noglycosides) in the setting of preserved residual renal
function [2, 10, 12].

We did not detect significant differences in the rate of
cardiac surgeries in patients with IE in PHD or without
it (p = 0.626). Cardiac surgeries in patients with IE in
PHD are indicated in acute heart failure, uncontrollable
infections, and high risk of embolic complications [1, 2].
Patients with IE in PHD have a higher risk of adverse
cardiac surgery outcomes. Nevertheless, refusal or delays
in indicated surgeries worsen IE outcomes in patients in
PHD [7, 13].

Optimal strategies of preventing IE and its relapses
in patients in PHD have not been developed yet. Never-
theless, general and local measures of IE prevention in
these patients are discussed in the literature [14]. Gen-
eral measures of IE prevention include adequate RRT
use (achieving the required “dialysis dose”, timely “dry
weight” adjustment, maintenance of normal nutritional
status, correction of anemia and phosphorus-calcium
disorders/prevention of valvular calcification, etc.) [10],
minimizing the rate of using temporary dialysis cathe-
ters, elimination of chronic infectious foci, regular bacte-
riological tests of the nasopharyngeal flora, staphylococ-
cal vaccinations, quality control of dialyzing solutions.
Local measures for the prevention of IE and its relapses
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in patients in PHD presume the preventive formation of
a permanent (AVE, AV-prosthesis) vascular access, skin
treatment and strict adherence to aseptics during proce-
dures [14].

Conclusion

Thus, IE in patients in PHD is an infectious disease
associated with the medical intervention, mainly caused
by Staphylococcus aureus, commonly — by Enterococ-
cus. Our results confirm the literature data about the
high mortality among patients with IE in PHD exceed-
ing values in the general population. Patients admin-
istered PHD should belong to the high-risk IE group,
while the vascular access should be primarily considered
as a source of bacteremia. IE features in dialysis patients
include a predominantly acute course, comorbidity, high
risk of poor outcomes. Early IE detection is required
in such patients (with special attention to the vascular
access condition and EchoCG in cases of any unexplained
fever). In general, patients with IE in PHD are managed
based on general regulations, accounting for features of
antibiotic therapy in dialysis patients, vascular access
procedures and possible replacement, cardiac surger-
ies (as indicated). Preventive IE measures in patients in
PHD may be aimed at decreasing risk factors via the pre-
ventive formation of a permanent vascular access (AVE,
AV-prosthesis), adequate selection of the RRT method,
achievement of target “dialysis dose” parameters,
timely correction of phosphorus-calcium disorders, etc.
Nephrologist (specializing in renal replacement therapy)
should always be a part of a multidisciplinary “endocar-
ditis team when diagnosing IE in PHD to determine the
patient management in this disease.
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Mild Course of Hemorrhagic Fever
with Renal Syndrome in A Patient with
HLA-B27 Positive-Spondylarthritis

Pe3sloMe

FeMopparuyeckas MxopazgKa ¢ noyeyHbiM cuHapomoM (I/1NC) — ocTpoe MHPEKLMOHHOE 3a60/1eBaHNE BUPYCHOM STUO/IOM UM, TNIaBHBIM OC/IOKHEHUEM
KOTOPOrO AB/NAETCA TAXKE/I0e MOpaXKeH1e noyek. [s 3a601eBaHUs XapaKTepPHO LMK/IMYHOE Te4eHe, BbIAEAIOT 4 NepuoAa (IMxopagoyHbIi, onMrypu-
YECKMIA, NOIMYPUYECKUIA, pEeKOHBaseCLeHLMA). Ha TeppuTopumn Poccum 3a60/1eBaHme BCTPEYAETCS NMPAKTUYECKU MOBCEMECTHO, O4HAKO SHAEMUYHBIMY
paﬁOHaMM ABaAeTcAa Aaanwﬁ BOCTOK, ypan, MoBomKkbe. B naTtoreHese 3abonesaHna Hanbosbluee 3HaYeHMe uMeeT passuTUe NopaxkeHna sHaoTe-

NVA COCY/0B, /i@ MPOUCXOANT PenpOAYKLMA BUPYCa, YTO BeAeT K MOBbILIEHMIO MPOHNLLAEMOCTI COCY/AMCTOM CTEHKM C pa3sBMTUEM reMopparmyeckoro
CMHAPOMa, OTeKOB. KpoMe Toro, KpOBOUNMAHWUAM CMOCOBCTBYET CHMMKEHME GpaKTOPOB Koary/faLum, a Takie TpOMGOLMTOB. B inTepaTtype onmcaHbl
C/lydam IErKoro TeveHusi 3Toro 3a6o/1eBaHusA y naLueHToB-HocuTenen annens human leukocyte antigen (HLA)-B27. Lienbto Halwei cTaTbu sBAseTCA
[@MOHCTPaLMA KIMHNYECKOro cyvas nerkoro Tedenna MN1MNCy naumMeHTKN co CNOHANI0apTPUTOM, accoLMmpoBaHHbiM ¢ HLA-B27. MauneHTka umena
A/VTeNbHBIV Cy6pebpuanTeT, a Takke aMMdageHonaTuno NaxoBoro MMeoyssa. 3aboneBaHne NpoTekano 6e3 NOpaXeHus Noyek, pasBUTUA reMop-
parmMyecKoro CUHAPOMa, KOTOPbIE ABASAIOTCA XapaKTepHbIMU nposeaeHuamu [JIMNC. BoiseaeHHble 1gG 1 IgM K xaHTaBupycam (BosGyautensm [1MC)
noATBepANAN AnarHo3s. MauneHTKa MMena CoHANI0apTPUT, acCoLMMPOBaHHBIN ¢ HLA-B27, Haan4re KOTOporo, No AaHHbIM NTepaTypbl, MOXeET cAe-
NaTb KNMHUYECKYIO KapTUHY MeHee IPKOW, 4TO 1 Hab/tofaeTcA B HalleM cayyae. B pesy/ibTaTe naToreHeTUYECKOro ieHeHUs IIOKOKOPTUKOMAaMU A0-
CTUTHYT perpecc asnob v y/yulleHne COCTOAHUA NaLMeHTKN. [laHHas cTaTba 6y/AeT nosesHa crneumanmicTaM pasHbix Npoduneit, Tak Kak KaMHuyeckas
kapTuHa /1IN C nMeeT MHOXeCTBO HecneLUPpUHeCKUX CUMMTOMOB, KOTOPbIE MOFYT 6bITb PacLieHeHbl, KaK NPOABNEHNA Pa3NNYHbIX 3a6oneBaHuiA.

KnroyeBbie cn10Ba: 2emoppazuyeckas auxopadka C NO4eYHbIM CUHOPOMOM; cnoHAunoapmpum; HLA-B27; xaHmasupyc

KoH$pAUKT nHTepecos
ABTOpbI 3aABAAOT, YTO AaHHan paboTa, eé TeMa, NPeAMET U COZePIKaHMe He 3aTParnBaloT KOHKYPUPYHOLNX UHTEPeCoB

MNcTouHnkn prHaHcupoBaHus
ABTOPbI 3asABAAIOT 06 OTCYTCTBUN ¢MHaHCVIp0BaHVI$| npu nposejeHnn nccnegoBsaHna

CooTBeTCTBME npyuHUMNam 3TUKU

MauueHT gan cornacue Ha onybnMKoBaHKe AaHHbIX 1abopaTOPHbIX U MHCTPYMEHTa/IbHbIX UcceAoBaHui B cTaTbe «/IETKOE TEHEHUE TEMOPPATMYE-
CKOW IMXOPAZIKM C MOYEYHBIM CUHAPOMOM Y MALMEHTKM CO CMOHAWNOAPTPUTOM, ACCOLIMMPOBAHHBIM C HLA-B275 ans xypHa-
Na «ApX1Bb BHyTPEHHEN MeAULMHBI», NoAnncas MHGOPMMPOBaHHOE coriacue
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Abstract

Hemorrhagic fever with renal syndrome (HFRS) is an acute infectious disease of viral etiology, the main complication of which is severe kidney damage.
The disease is characterized by a cyclic course, there are 4 periods (febrile, oliguric, polyuric, recollection). In Russia, the disease occurs almost everywhere,
but endemic areas are the Far East, the Urals, and the Volga region. In the pathogenesis of the disease, the greatest significance is the development of
vascular endothelial damage, where virus reproduction occurs, leading to increased permeability of the vascular wall with the development of hemorrhagic
syndrome, edema. In addition, hemorrhages are promoted by a decrease in coagulation factors, as well as platelets. Cases of mild course of this disease
in patients carrying the human leukocyte antigen (HLA)-B27 allele have been described in the literature. The aim of our article is to demonstrate a
clinical case of mild course of HFRS in a patient with spondyloarthritis associated with HLA-B27. The patient presented with prolonged subfebrileitis as
well as inguinal lymphadenopathy. The disease proceeded without kidney damage, development of hemorrhagic syndrome, which are characteristic
manifestations of HFRS. Detected IgG and IgM to hantaviruses (causative agents of HFRS) confirmed the diagnosis. The patient had spondyloarthritis
associated with HLA-B27, which, according to the literature, can make the clinical picture less vivid, which is observed in our case. Pathogenetic treatment
with glucocorticoids resulted in regression of complaints and improvement of the patient’s condition. This article will be useful for specialists of different
profiles, as the clinical picture of HFRS has many nonspecific symptoms that can be considered as manifestations of various diseases.

Key words: hemorrhagic fever with renal syndrome; spondyloarthritis; HLA-B27; hantavirus
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Introduction annually). Endemic Russian regions include the Urals,

Hemorrhagic fever with renal syndrome (HFRS) is
an acute zoonotic viral disease transmitted aerogenically
(~80 %) via the air-dust route, mostly affecting small ves-
sels and manifesting as hemorrhagic syndrome, hemo-
dynamic disorders, specific kidney injury [1].

The disease is caused by viruses from the Hantaviridae
family, Orthohantavirus genus (in the prior classification
they belonged to the Bunyaviridae family and Hantavi-
rus genus). Over 80 serotypes have been described for
these viruses, with 25 of those being pathogenic for
humans. The following types are most prevalent in the
Russian Federation: Puumala (PUUV), Seoul (SEOV),
Amur (AMRV), Hantaan (HTNV), Dobrava (DOBV),
Tula (TULV), Topograf serotype detected in Taimyr,
and Khabarovsk hantavirus described in the Russian Far
East [2].

Russia is the second country by HFRS prevalence
(~6,000 cases annually) after China (~50,000 cases

Ulyanovsk, Samara, Orenburg Regions, Khabarovsk
Krai. 85% of all HFRS cases in Russia are reported in
Povolzhie [3].

About 85 % of patients with HFRS are 25-45 years old,
i.e. they belong to the able-bodied population. Humans
are not epidemiologically hazardous.

The duration of the incubation period is 1 to 4 weeks.

4 consecutive periods are described in the disease
course [4, 5]:

o Feverish (initial) period, lasting 3 to 7 days, is
manifested by the flu-like syndrome (myalgia,
facial and neck hyperemia, fever, low back pain,
dyspepsia, with possible hemorrhagic signs). Ac-
cording to some data, visual disorders may be ob-
served («flies in eyes», myopia, etc.);

o Oliguric period lasts 6 to 12 days and is character-
ized by diminished fever, worsening patient con-
dition due to emerging renal failure, worsening
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hemodynamic disorders, hemorrhagic syndrome
(of the vasculitic-purpuric type); it is often ac-
companied by low back pain, abdominal pain,
nausea, vomiting;

o Polyuric (diuretic) period in average lasts
6-14 days and is mainly accompanied by in-
creased diuresis (~3-10 L/day), nocturia, thirst;
hypokalemia may lead to muscular weakness,
paralytic ileus, tachycardia (arrhythmias);

» Reconvalescence stage (early — within 2 months;
late — within 2 years) is characterized by asthenic
and autonomous-vascular syndromes, develop-
ment of persistent immunity, recovery of hemo-
stasis and renal function with the possible emer-
gence of tubular failure.

The primary viral reproduction occurs in epithelio-
cytes of the upper respiratory tract even before the first
clinical signs of the disease emerge. The next viral target
is endothelial cells, in particular those of the blood-lung
barrier, with subsequent viremia [6].

Endotheliocyte injury specifically plays a main role
in the pathogenesis of HFRS — it leads to enhanced per-
meability of the vascular wall with subsequent edema
and hemorrhages. Another pathogenetic event is the
impaired coagulation, with confirmed decreased expres-
sion of von Willebrand factor and thrombospondin-1 (a
substance destroying von Willebrand factor and causing
fibrin degradation) by infected endothelial cells. This
leads to thrombocytopenia, a pathognomonic laboratory
parameter in HFRS [7-10].

On the other hand, a large amount of biologically
active substances is released, including chemokines CCL4
(chemokine C-C ligand 4), CCL5, CXCL9 (chemokine
(C-X-C motif) ligand 9), CXCL10, and CXCLI2 that
enable the migration of white blood cells via the vascular
wall. CCL2 and CCL5 provide the chemotaxis of mono-
cytes and T-helpers type 1, natural killer (NK)-cells and
T-cytotoxic lymphocytes. T-cytotoxic lymphocytes play
a specifically defining role in the antiviral protection
against Orthohantaviruses [6].

Table 1. Complications of HERS (cited in [5]).

Acute complications | Chronic complications |

1. Arterial hypertension 1. Arterial hypertension

2. Electrolyte disturbances 2. Hypopituitarism

3. Infectious-toxic shock 3. Hypothyroidism

4. Hemorrhage and necrosis of the 4. Chronic tubulointer-
pituitary gland stitial nephritis with

5. Meningoencephalitis tubular proteinuria

6. Acute kidney injury 5. Chronic membranopro-

7. Pulmonary edema. liferative glomerulone-

8. Pericarditis. phritis

9. Myocarditis.

10. Disseminated intravascular coagu-

lation (DIC).
11. Gastrointestinal bleeding

The literature describes features of the immune
response in HFRS associated with the major histocom-
patibility complex (HLA) and immunological reactivity
(IR) genes affecting the predisposition to the disease and
HERS severity (features).

Epidemiological (dwelling in the HFRS spots, pos-
sible contact with animal carriers), clinical, and labo-
ratory data are used in the HFRS diagnosis. The labo-
ratory diagnosis includes the following alterations in
the complete blood count and the biochemistry panel:
leukopenia transforming to leukocytosis; thrombocyto-
penia directly correlating with the disease severity. Cre-
atinine, C-reactive protein (CRP) levels also increase,
while C3 complement levels drop. Besides, high procal-
citonin, interferon y, tumor necrosis factor a, and inter-
leukin 10 levels are also observed. Interleukin 6 levels
in the blood serum and urine also increase. Serological
diagnosis is based on detecting IgM and IgG antibodies
against hantavirus using the enzyme-linked immunosor-
bent assay. Besides, polymerase chain reaction (PCR) is
used to detect the ribonucleic acid (RNA) of the virus in
biological fluids (blood) [11-14]. The infection leaves a
lifelong type-specific immunity.

Complications after the HFRS may be divided into
acute and chronic (Table 1).

Ethiotropic HFRS therapy includes ribavirin — a
drug suppressing the synthesis of viral RNA and protein.
However, its use is efficient only in the early stage (first
4 days) [15].

The article presents a description of a mild HERS case
without kidney injury, but with atypical clinical signs.

Clinical case study

A 41-year-old patient attended the physician in
August 2024 complaining of pain in the left inguinal
region, most significant with walking, worsening with
the hip flexion and adduction; pain in the pubic region,
daily fevers up to 39 °C, voice hoarseness, dry non-inten-
sive cough. During interrogation, she noted pain in the
lumbar spine, with the morning stiffness up to 60 min-
utes, irradiation to the left thigh along its posterolateral
surface up to the upper third, especially when standing
up. The patient had this symptom for 2 years.

History: 7 days before the visit she developed fever
(~39 °C) for several days, general weakness, dizziness;
3 days later she developed pain in the left inguinal
region. To relieve fever, she took paracetamol in the dose
of 500 mg up to 3 times daily for 5 days. Since the emer-
gence of fever, her lumbar pain and hip pain (mostly
left-sided) got worse; she also developed pain in small
hand joints. It was confirmed that in February 2024 the
patient traveled to the Irkutsk Region, in March 2024 —
to Povolzhie (Samara) and Kaliningrad, in April 2024 —
to Sochi, in May 2024 — to Rostov-on-Don and Turkey.
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She denied contacts with animals, animal, insect, or
arthropod bites during the preceding month.

On physical examination, the patient’s condition was
satisfactory; the skin was clean, had normal color and
moisture level; visible mucous membranes were normal,
no edema was detected. She had no catarrhal events.
The tongue was coated with white plaque; tonsils were
not enlarged. Body temperature: 36.6 °C. Visible lymph
nodes were non-tender on palpation, not enlarged, but
mobile. The pubic symphysis was tender on palpation.
Vesicular breathing with no rales was auscultated in
lungs. The respiratory rate was 16/min, with SpO, 98 %.
Cardiac tones were clear, regular, with no murmurs; the
pulse rate was 70 beats per minute, blood pressure was
130/70 mm Hg in both arms. The abdomen was soft,
non-tender; peritoneal irritation signs were negative.
The liver and spleen were not palpable; they were not
tender. Costovertebral tenderness was negative bilater-
ally. Positive straight leg raise was reported for the left
lower extremity.

The patient constantly took Norethisterone from July
till August 2024 as per the gynecologist recommendation.

Investigations: IgM-antibodies against herpes sim-
plex viruses 1 and 2 0.45 (hereinafter reference ranges are
given in parentheses; 0-0.8 of the cutoff index (COI)).
IgM-antibodies against the Varicella Zoster virus 0.33
(0-0.79) COI; superficial antigen of the hepatitis B virus
(HBsAg) not detected; total antibodies against the hepa-
titis C virus were not detected. Antibodies against the
human immunodeficiency viruses 1 and 2 were not
detected.

PCR screening for RNA of Influenza virus A, Influ-
enza virus B, Influenza virus A/HIN1, RNA of human
Respiratory Syncytial virus (hRSv), metapneumovirus
was negative.

Antinuclear factor (HEp-2 cell line), antibod-
ies against the double-stranded (native) DNA (anti-
dsDNA), various antinuclear antibodies (anti-Sm, RNP,
SS-A, SS-B, Scl-70, PM-Scl, PCNA, dsDNA, CENT-B,

Table 2. Dynamics of the patient’s blood parameters

Jo-1, anti-histone, anti-nucleosome, Ribo P, AMA-M2)
were all within reference ranges.

The genetic test (PCR) revealed the HLA-B27 gene.

Changes in blood parameters are presented in Table 2.

The urinalysis demonstrated a small amount of mucus,
otherwise without clinically significant deviations.

After the primary visit, Lornoxicam (8 mg twice
daily) was started; it continued for 14 days along with
the examination.

Electrocardiography: rhythm, heart rate
67 beats per minute, normal electrical axis, non-specific
ST-segment changes.

Ultrasound (US) of lymph nodes revealed signs of
lymphadenopathy of axillary and ilioinguinal regions,
suggesting lymphadenitis (sized from 13x9 mm to
22x11 mm). A large irregularly shaped lymph node sized
26x18 mm was detected in the left inguinal fold, with sig-
nificant hilar and perifocal blood flow (signs of severe
left-sided inguinal lymphadenitis with hypervasculariza-
tion and reactive lymphangitis).

Abdominal US demonstrated moderate hepato-
splenomegaly, thickened gallbladder walls, and diffuse
changes in the pancreatic parenchyma.

Magnetic resonance imaging did not reveal any signs
of sacroiliitis, coxitis, synovitis of hip joints. Pubic sym-
physitis, signs of myositis in the left adductor longus,
pectineus, obturator externus, and adductor brevis mus-
cles were detected.

Due to the prolonged disease course and epidemio-
logical history, hemorrhagic fever with renal syndrome
was suspected. IgG — 0.3 (< 0.8) COI and IgM — 3.2
(< 0.8) COI against hantaviruses (causative agent of
HFRS) were detected in blood. Yersiniosis and pseu-
dotuberculosis were excluded. The following diagnosis
was established: Mild hemorrhagic fever with renal syn-
drome (positive IgM-antibodies against hantaviruses).
Spondyloarthritis: inflammatory back pain, symphysitis,
peripheral arthritis (2nd metacarpophalangeal joint),
right-sided coxitis, high activity.

sinus

Analysis, units of measurement

| 05.08. | 09.08. | 19.08. | 26.08. | 29.08. | 06.09 | 11.09 | 25.09 |Referencevalues

C-reactive protein, mg/l 122 61,37
Erythrocyte sedimentation rate, mm/hour 61 76
Aspartate amino transferase, U/L 62,8
Creatinine, pmol/L 63
Glomerular filtration rate CKD-EPI, mn/mun/1,73 m? 106
Leukocytes, 10°/n 11,08
Neutrophils, % 72,5
Platelets, 10°/n 460

36 31,6 21,86 15,64 13,65 4,26 0-5
36 83 66 69 25 0-20
<35
58 58-96
110 88-128
10,98 10,34 8,58 9,45 7,47 12,2 4,5-11
64,8 71,9 64,5 63,2 59,8 68,1 47-72
505 433 419 406 423 341 150-400

Note: CKD-EPI — chronic kidney disease epidemiology collaboration
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5 days later, the patient had no effect from non-
steroid anti-inflammatory drugs (NSAIDs), while she
developed swelling of the left labium major, 6-day delay
in the menstrual cycle, and an episode of fever (max.
37.3 °C). Therapy was adjusted — Prednisolone 30 mg
(with dose tapering by 10 mg every 2 days) was added as
anti-inflammatory treatment. Due to prolonged HFRS
course, it was decided to abstain from ribavirin therapy.

Further outpatient examination (US)
signs of symphisitis, tendinitis of the rectus abdominis
muscle, swelling of the subcutaneous fat in the pubic
region and the left labium major, reactive changes in
inguinal lymph nodes.

The patient was also administered Esomeprazole
(20 mg), Calcium carbonate + Cholecalciferol (500 mg
+ 400 IU twice daily). After the treatment adjustment,
the patient’s symptoms improved — the labium major
swelling regressed, although tenderness persisted with
the flexion of the second digit in the right hand, as well
as pain and swelling in the pubic symphysis region.

Within a month, clinical symptoms improved
more — pain in the inguinal region regressed, the
lymph node shrunk in size, and the body temperature
normalized. Current data about the patient condition
are not available due to her transfer to another medical
institution.

revealed

Discussion

Based on the history (visiting regions with epide-
miological HFRS prevalence), clinical signs (fever,
hepatomegaly), laboratory tests (specific IgM-antibod-
ies against hantaviruses), HFRS was suspected. This
patient had atypical HFRS course: the fever stage was
not significantly severe — only episodes of fever were
reported without other clinical signs. The course did
not correspond to classic periods (hypertension, oligu-
ria with subsequent polyuria were missing).

The patient had a history of spondyloarthritis mani-
festing with pain in the lumbar spine for 2 years. It has

Table 3. HLA-B27 associated diseases (cited from [17])

been established that spondyloarthritis is associated
with the HLA-B27 gene allele [16].

HLA-B27 gene is one of the most common B alleles
in the European population. The prevalence of this gene
among the United States population is 0.6-1%. This
major histocompatibility complex variant provides the
presentation of antigens with cytotoxic T-lymphocytes
CD8* (Cluster of Differentiation 8) (CTL), enabling the
antiviral immune response, and with NK-cells [17].

Besides, HLA-B27 gene defines the patient pre-
disposition to rheumatological diseases, in particular
spondyloarthritis (Table 3).

HLA-B27 allele is associated not only with the
aforementioned rheumatic diseases, but also with a
mild HFRS course (no acute kidney injury, thrombo-
cytopenia, significant hemorrhagic syndrome) [18].
Korva M. et al. associate it with the antiviral role of
this gene [19].

Such observations were described by Mustonen J. et
al., which demonstrated a quicker recovery of patients
with HFRS, rare kidney injury, and less significant leu-
kocytosis. Besides, authors confirm that less severe
course of the human immunodeficiency virus-infection
is also observed in patients with the HLA-B27 allele
[20]. Similar results were also observed in our patient
who had a combination of HLA-B27 and mild HFRS
without kidney injury and typical disease course.
Besides, the patient’s condition improved even without
specific ethiotropic therapy, which is also typical for
HFRS in patients with HLA-B27.

Conclusion

Thus, the HLA-B27 carrier state may significantly
alter clinical signs of HFRS, which proves the impor-
tance of interdisciplinary approach in the diagnosis
and treatment of this disease. Thus, patients, with a
burdened epidemiological history, prolonged fever, and
kidney injury should be considered as those in the risk
group for HFRS.

Name of disease

Clinical features

Frequency of occurrence of
HLA-B27 gene in this pathology, %

Ankylosing spondylitis Lesions of the sacroiliac joints and joints of the spine 94
Reactive arthritis Non-septic arthritis of large joints due to GI or genitourinary infections 30-75
Spondyloarthritis Lesions of the sacroiliac and spinal joints and other large joints in patients

- . . . e 10 R K . 33-75
associated with colitis with Crohn’s disease and nonspecific ulcerative colitis
Psoriatic spondyloarthritis ~ Lesions of the sacroiliac and spinal joints and other large joints in patients 40-50

with cutaneous psoriasis

Arthritis associated with Arthritis of large joints in adolescent patients 76
juvenile enthesitis
Acute anterior uveitis Nonseptic lesion of the anterior chamber of the eye 50
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Clinical Case of VEXAS-Negative Recurrent
Polychondritis Associated with Lymphoid Tumor

PesloMe

MpepacTaBieHo HabalogeHWe NMMPONAHOM OMYXO/IM, CKPbIBAIOLWENCA MO «MaCKON» peLuAVBUPYIOLLEro NOANXOHAPUTA C BbICOKON aKTUBHOCTbIO
BOCMa/INTe/IbHOTO npou,ecca n OrpaHVI‘-IeHHbIM OTBETOM Ha ne4yeHue. NMoMnmMmo nopa)Keva yLIJHOl)’I paKOBVIHbI, 3a6oneBaHMe conposo»(,qanOCb He-
3PO3MBHbLIM HeepOpPMUPYIOLLMM apTPUTOM, TEHOCMHOBUTOM axu/1J10Ba CYXOXW/INA C €ro pa3pbiBOM, 3NUCKAEPUTOM, XOHAPUTOM HOCA, MOPaXkeHnem
KOXW B BuAe HeﬁTpOd)ManOFO p,epMaTo3a CBMTa, p,MnaTaumeVl BOCXoAsAuero otaena aOprI, Cy6KnMHVI‘-IeCKVIMM I'IpVI3HaKaMI/I nopa)Keva NErknx
1 NepuKapaa, a TakKe pasBUTUEM MaKpPOLMTApPHOW aHeMUK MPU HOPMa/IbHOM COZlepXaHnM B KpOBM BUTaMuHa B12 1 ¢osmeBoi KNCAOTbI, OTCYTCTBU-
eM 1abopaTopHbIX NPOSABAEHNI aQyTOUMMYHM3aLMK. HeCMOTPSA Ha TO, Y4TO PeLMAVBUPYIOLMI MOJNXOHAPUT C MOAO6HBIMU KNMHUKO-1a60paTOPHbIMU
MpU3HaKaM1 MOXeET 6bITb HYaCTbO GpEHOTUMA HEAABHO OMMCAHHOTO ayTOBOCNANNTENbHOMO CUHAPOMa B3pocabix (VEXAS), onpeseneHue ero reHetu-
YyecKoro MapKepa Aano OTpMLlaTeﬂbeIVI pe3y/1bTaT‘

KnroueBbie cnoBa: peyudusupyrowul noauxoHdpum, cuHdpom VEXAS, CBum-cuHopom, aumgpoma
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Abstract

A clinical case of lymphoid tumor hiding under the «mask» of recurrent polychondritis with high activity of inflammatory process and limited response
to treatment is presented. In addition to auricle damage, the disease was accompanied by non-erosive non-deforming arthritis, tenosynovitis of the
Achilles tendon with its rupture, episcleritis, nasal chondritis, skin lesions in the form of Sweet neutrophilic dermatosis, ascending aorta dilation,
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subclinical signs of lung and pericardial damage, and development of macrocytic anemia with normal blood levels of vitamin B12 and folic acid, absence
of laboratory manifestations of autoimmunity. Despite the fact that recurrent polychondritis with similar clinical and laboratory signs may be part of
the phenotype of recently described adult autoinflammatory syndrome (VEXAS), the determination of its genetic marker gave a negative result.

Key words: recurrent polychondritis, VEXAS syndrome, Sweet syndrome, lymphoma
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Relapsing polychondritis (RP) is a rare multisys-  infarction, arterial thrombosis (one of the most common
temic inflammatory cartilaginous progressive disease  causes of death in RP). Cutaneous lesions are detected
of unknown etiology. All ethnic groups are affected. In  in 30 % patients with RP, including cutaneous (and oral)
specific countries the rate of RP is 4.5 cases per 1 mil-  ulcers, papules, purpura, nodules [6]. These were pri-
lion population, while the prevalence is 0.71 cases per  marily presented with vasculitis, although neutrophilic
1 million population annually [1, 2]. The disease is not  dermatosis (Sweet syndrome), panniculitis without vas-
associated with gender and significantly not associated  culitis, aseptic abscess, and non-specific changes were
with age [3], is characterized by relapsing inflammation  also described [7]. It should be noted that neutrophilic
and cartilage destruction, in particular affecting auricles, ~ dermatosis was observed in RP almost exclusively in
nose, and the respiratory tract [4, 5]. Joints, eyes, the = combination with the myelodysplastic syndrome [7].
internal ear [6], heart valves and blood vessels, including ~ Respiratory lesions are considered the most severe and

the aorta [7, 8], may be affected. prognostically significant — these include dysphonia,
Inflammatory auricular lesions (tenderness, swelling, aphonia, voice hoarseness, respiratory failure symptoms
induration, violaceous-erythematous discoloration/flac-  resembling bronchopulmonary infections or asthma;

cid formless “cauliflower-like” ear) are observed almostin ~ laryngeal and tracheal lesions are often accompanied by
all patients, while nasal chondritis (cartilaginous septum  tenderness of the thyroid cartilage and the anterior tra-
lesions with the saddle-like nasal deformity), nasal con-  cheal wall [6, 11].

gestion, rhinorrhea, epistaxis — in 82% patients [9]. RP is often associated with autoimmune and auto-
Various ocular symptoms caused by the inflammation  inflammatory diseases: SLE, rheumatoid arthritis, sero-
of the fibrous ocular layer are detected in every second  negative spondylitis, mixed connective tissue disorder,

patient, including scleritis, episcleritis, non-granulo-  Sjogren disease; vasculitides (granulomatosis with poly-
matous uveitis, conjunctivitis; proptosis with chemo-  angiitis, polyarteriitis nodosa, Takayasu aortoarteriitis),
sis, periorbital edema, ophthalmoplegia [9, 10]. Classi- Behcet’s diseases, Cogan syndrome are other common
cal arthropathy manifestations in RP patients include  associations [12, 13].

the symmetric non-erosive non-deforming arthritis, Cases of RP association with other rheumatic and
although they may vary from arthralgias to monoar-  autoimmune diseases, myelodysplastic syndromes,

thritis or polyarthritis with the involvement of large and  rarely lymphomas have also been described [14-16]. For
small joints, parasternal joints. Every fourth patient has ~ example, J. Dion et al. [7] examined 142 patients with RP,
cardiovascular lesions in the form of aortitis — aortic ~ and 18 (13 %) of those had concomitant hematological
root dilation/aneurysm, aortic regurgitation, myocardial =~ malignancies, predominantly myelodysplastic syndrome,
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which occurred only in older males that also had cutane-
ous lesions (commonly neutrophilic dermatosis), some-
times associated with vasculitis. 4 lymphoma cases and
2 myeloproliferative disorder cases were among more
rare hematological diseases. It is commonly considered
that myelodysplasia-associated RP should be considered
a paraneoplastic syndrome [17], and its poor progno-
sis reflects the prognosis of the main myelodysplastic
disorder [18]. Very rare cases of RP association were
described with several solid tumors, including those of
the colon and rectum, pancreas, bladder, bronchi, lungs,
breast [9, 10].

Classification (major) RP criteria [19] include auricu-
lar lesions, nasal chondritis, laryngotracheal chondritis;
minor criteria include ocular lesions (conjunctivitis, ker-
atitis, episcleritis, uveitis), hearing loss, vestibular dys-
function, and seronegative arthritis. 2 major or 1 major
and 2 minor criteria are sufficient to confirm the diagno-
sis. Considering clinical manifestations, disease evolu-
tion and prognosis, 3 specific phenotypes (clusters) have
been defined: 1) hematological; 2) respiratory; 3) mild
(with a good prognosis) [7].

The etiology and pathogenesis of RP are unknown.
Associations between RP and several histocompatibility
antigens (HLA-DRB1*16:02, DR4, etc.) have been estab-
lished [20]. The trigger role of infectious agents in the
emergence of autoimmune disorders has been confirmed
by detecting a large amount of antibodies against collage
IT [21], IX, and XI along with the diffuse infiltration of
affected cartilages with lymphocytes (CD4+, plasma
cells) during the high activity period. Antinuclear, anti-
neutrophil cytoplasmic antibodies, rheumatoid factor
may also be detected in the blood of patients, thus con-
firming the immune-mediated RP character.

A new monogenic disease, described in 2020,
VEXAS adult autoinflammatory syndrome (vacuoles;
El enzyme; X-linked; autoinflammation; somatic muta-
tion), has largely changed insights into the autoinflam-
matory diseases in general and possible mechanisms of
RP in particular. The disease associated with the emer-
gence of pathogenic variants in the ubiquitine-activating
protein (UBA1) gene is characterized by a wide spec-
trum of systemic manifestations, including immunoin-
flammatory and hematological ones due to the presence
of UBA1 in bone marrow precursor cells and circulating
myeloid cells [22]. Unlike the majority of autoinflamma-
tory diseases (AIDs) emerging due to hereditary muta-
tions and inherited in successive generations, VEXAS
syndrome is acquired in an older age and is somatic
(non-inherited). The penetrance (gene realization in
signs) associated with the UBA1 gene mutations is very
high. With that, VEXAS syndrome emerges exclusively
in adults (more often males) after 50 years of age with
the prevalence of 1:4000. The pathological gene variant
promotes methionine substitution to valine, threonine,

or leucin. The resulting cytoplasmic UBAI failure in
hematopoietic cells leads to the decreased ubiquitine
activation and, thus, to uncontrollable activation of the
congenital immunity system, excessive production of
pro-inflammatory cytokines, TNF-a, interferon-y.

It is interesting to note that relapsing polychondritis
may be a part of the VEXAS phenotype — this variant
(VEXAS-RP) has some specific features, i.e. fever, auric-
ular and nasal chondritis, cutaneous lesions, pulmonary
infiltrates, and venous thrombosis; it is characterized by
frequent relapses and steroid dependence, which are not
typical for idiopathic RP [23, 24].

In a recently published (first Russian) clinical case
study of the VEXAS syndrome [25], a male patient pre-
sented with febrile fever, tender swelling and hyperemia
of auricles, joint and ocular lesions, two-lineage cytope-
nia (macrocytic anemia and thrombocytopenia), high
CRP, ESR, and ferritin levels, although with the absence
of rheumatoid and antinuclear factors, anti-double-
stranded DNA antibodies and anti-neutrophil cytoplas-
mic antibodies (ANCA), but with the significant positive
corticosteroid effects. The bone marrow biopsy revealed
alterations typical for the myelodysplastic syndrome,
with enhanced bone marrow cellularity, expanded granu-
locytic lineage, narrowed erythroid lineage, and elevated
megakaryocyte counts with signs of dysplasia. Based on
the whole-exome sequencing, a pathogenic variant of
the nucleotide sequence was detected in exon 3 of the
UBA1 gene with methionine substituted to threonine
in 83 % reads — this defined the somatic variant in the
majority of circulating nucleated cells.

The clinical RP variant analyzed by us included many
signs typical for RP, Sweet syndrome, and VEXAS syn-
drome, thus providing specific diagnostic difficulties in
the various disease stages.

Below we present a proper
case study

The male patient S., 53 years old, visited the rheu-
matologist in early 2021 complaining of periodic fever
(37.3-37.6 °C), body aches, myalgias (especially in calf
muscles), fleeting migratory arthralgias (sometimes in
right sternocostal joints), headache, as well as malaise,
fatigability, diaphoresis, weight loss, ocular hyperemia,
periodic pain and swelling of Achilles tendons.

Almost 10 years ago he first develop episodic pain in
small hand and foot joints, ankles and wrists. In 2020 he
was treated for chronic relapsing episcleritis of both eyes.

Since March 2021, he starting having almost constant
pain in feet (plantar surface, Achilles tendons), wrist
joints, sacroiliac joints, ocular hyperemia, headache,
subfebrile fever; pain, swelling, and hyperemia of the
right auricle also emerged. He lost 4 kg of body weight.
In childhood the patient was sick with rubella and
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mumps. At the moment of examination, his concomitant
diseases included urolithiasis (multiple urinary stones
in the pyelocalyceal system of both kidneys), degen-
erative disc disease, open-angle glaucoma of both eyes.
The patient was not infected with COVID-19, although
he was vaccinated in December 2020 and January 2021
(1.5-2 months before the expansion of the symptom
spectrum and worsening severity).

Physical examination: the patient was of adequate
nutrition (BMI=25); scleral vascular injection, thickened
nasal septum were noted. The skin of the right auricle
was congestively hyperemic, hot to the touch, tender on
palpation. The left ankle joint was enlarged, with limited
motions and mild tenderness on palpation. Entesopathy,
achillodynia, talalgia were confirmed. Functional insuf-
ficiency: Grade 0-1. Varicose subcutaneous veins were
detected in both lower extremities (legs) without signs of
inflammation and trophic disorders. Locations of carti-
laginous rib attachments to the sternum were tender on
the right side (Tietze syndrome).

Blood counts demonstrated elevated C-reactive pro-
tein (CRP) levels to 147 mg/L (reference range: < 5 mg/L),
as well as ESR (80 mm/h) and CIC levels (289 U, refer-
ence range: 0-120 U). Levels of ACPA, ANCA (IgG),
anti-Sm (IgG), antibodies against native and double-
stranded DNA, antinuclear antibodies, rheumatoid
factor, AS-DNAase were within normal limits; HLA-B51
and B27 antigens were negative. MRI confirmed osteo-
arthritis of both hip joints (Grade 1), moderate sacro-
ileal osteoarthritis. PET/CT scan demonstrated a focus
of label hyperfixation in the T3 vertebra. The patient was
counseled by the hematologist, TB specialist. Relaps-
ing polychondritis was diagnosed, and in May 2021 the
treatment was started (methylprednisolone + sulfasala-
zine; eye drops (Tobradex)). His well-being improved
mildly: myalgias in calf muscles, body aches, diaphore-
sis, hyperthermia (high febrile fever) persisted, as well as
elevated CRP and ESR levels.

In summer 2021 and in early 2022 the patient was
examined twice in the Chief Clinical Hospital of the Rus-
sian Ministry of Internal Affairs.

During the first hospitalization, the blood count
detected anemia and macrocytosis (Hb 106 g/L, MCV
102 fL) with normal folate and vitamin B, levels, hyper-
thrombocytosis (498x10°/L), elevated serum potassium
and ferritin levels, high CRP — 85.1 mg/L (reference
range: < 3 mg/L), normal rheumatoid factor (RF) levels.
Transthoracic echocardiography (EchoCG) revealed a
mild dilation of the ascending aorta (~3.8 cm). The bone
scan demonstrated symmetric lesions of acromioclavic-
ular and intertibial joints, lesions of the right elbow, left
wrist, and metacarpophalangeal joints of the left hand,
lesions of small hand joints (with a trend to symmetry).
Ultrasound (US) examination detected lymph nodes
in axillary regions bilaterally (sized from 2.4x0.8 to

3.0x0.86 cm) and in inguinal regions (max. 2.4x0.6 cm).
Electroneuromyography (ENMG) revealed signs of mod-
erately impaired conduction along the sensory fibers of
the peroneal nerve in the left lower extremity (axonal
sensory neuropathy). Besides the open-angle glaucoma,
chronic episcleritis was diagnosed in both eyes. Meth-
ylprednisiolone was administered (pulse-therapy with
subsequent oral dosing (20 mg/day)) along with the
disease-modifying therapy (methotrexate 20 mg once
weekly), which was complicated by the relapsing herpes
infection; a small area of cutaneous hyperemia (without
itching) appeared in the right shoulder region. Account-
ing for the verified RP diagnosis, outpatient treatment
inefficacy, and high clinical & laboratory activity, bio-
logical therapy (BT) with tocilizumab (560 mg IV once
monthly) was initiated; 3 plasmapheresis sessions were
also arranged. As a result of treatment, myalgias and
arthralgias, auricular hyperemia and swelling disap-
peared, while ocular symptoms diminished. CRP levels
decreased from 85.1 to 16.8 mg/L, ESR normalized, while
hemoglobin levels rose. It was recommended to continue
treatment with oral methylprednisolone (20 mg/day)
and methotrexate (20 mg once weekly intramuscularly).

In December 2021 (before the second hospitaliza-
tion to the Hospital of the Ministry of Internal Affairs),
the following alterations were detected in the complete
blood count: anemia (RBCs 3.75x10'%/L, Hb 106 g/L,
Ht 34.6 %), moderate leukopenia (3.8x10°/L), relative
granulocytopenia (45.8%) and lymphocytosis (43 %).
MCV =99.8 fL.

The second hospitalization confirmed the sig-
nificantly decreased activity of the main disease — no
anemia, CRP level normalization (0.334-0.185 mg/L),
diminished (even eliminated) neurological and ophthal-
mological signs. The patient was administered tocili-
zumab (480 mg), oral methylprednisolone (4 mg) was
preserved, and mofetil mycophenolate (50 mg twice
daily) was administered for long-term therapy.

Final diagnosis: Relapsing polychondritis, Activity
3 (perichondritis of the right auricle; chronic episcleri-
tis of both eyes; myalgias of the leg muscles; peripheral
non-erosive arthritis of the left ankle joint, foot joints;
axonal sensory neuropathy of the peroneal nerve in the
left lower extremity; peripheral lymphadenopathy; sub-
febrile fever; mild anemia; thrombocytosis).

Results of laboratory tests in early 2022 (after the
treatment with tocilizumab, methylprednisolone, and
mofetil mycophenolate): MCV = 100.6, normal CRP level
(3.3 mg/L), elevated antinuclear factor, 1:320 (reference
range: < 1:160). Chondroperichondritis of the quadran-
gular cartilage of the nasal septum was first diagnosed by
Professor V.P. Karpov.

In mid-April 2022, a rash in the form of edematous
and erythematous papules, plaques emerged on the skin
of the upper torso, neck, scalp (see Fig.). A biopsy was




Apxusb BHyTpeHHEe MepArumHbL ® Ne 5 o 2025

PABBOP KAMHMYECKUX CAVUIAEB

Drawing. Patient S. Sweet neutrophilic dermatosis

arranged; the microscopy demonstrated cutaneous areas
with focal epidermal atrophy and focal moderate hyper-
keratosis. Significant dermal edema and fiber separation:
severe inflammatory infiltration with segmented neu-
trophils is detected between collagen fibers. Histological
signs correspond to the neutrophilic (Sweet) dermatosis
(Professor S.Z. Chukov).

Paraaortic lymphadenopathy was detected with
MSCT in April 2022. EchoCG demonstrated myocar-
dial hypertrophy in the basal part of the interventricu-
lar septum, initial pulmonary hypertension, marginal
induration of the right semilunar aortic valve leaflet,
aortic dilation at the level of Valsalva sinuses and the
ascending part, thickened visceral pericardial layer due
to fibrin accumulation. Pulse-therapy with corticoste-
roids was administered (with no effect). Apixaban 5 mg
was started, then (in June 2022) abatacept (750 mg once
every 2 weeks) was administered for 3 months (also
without significant effect).

Pain, swelling, subcutaneous hematoma emerged in
the region of the right Achilles tendon with US signs of
complete intra-trunk rupture of central tendon fibers
with the distal end retraction, effusion in the tendinous
vaginal cavity (tenosynovitis of the Achilles tendon).

The skin biopsy specimen was reviewed (on June 9,
2022). The changes detected did not contradict the diag-
nosis of neutrophilic (Sweet) dermatosis. However, one
should not exclude exudative erythema multiforme. Due

- rf//jgjw.-

to new rash on the skin of upper and lower extremities,
the patient was consulted by the dermatologist: account-
ing for arthralgia and malaise that accompanied the rash,
paraneoplastic origin cannot be excluded.

In June 2022, the genetic testing for the VEXAS syn-
drome was arranged in the Scientific Research Institute
of Rheumatology. The exome sequencing did not reveal
pathogenic, probably pathogenic variants, as well as
variants of undetermined clinical significance were not
detected in the UBA1 genome.

PET-CT in August 2022 (V. A. Almazov NMRC).
Signs of active lymphoproliferative disease affecting
the cervical, intrathoracic, axillary, intraabdominal and
extraperitoneal, pelvic, inguinal lymph nodes; foci of
pulmonary tissue induration in S2 and S10 of the right
lung could correspond to the main disease manifesta-
tions. Inguinal lymph node histology: normal nodular
structure lost; a detected tumor was represented by lym-
phoid cells, sized a little larger than small lymphocytes.
The tumor structure and immunophenotype most likely
corresponded to chronic lymphocytic leukemia / small
lymphocytic lymphoma.

Main diagnosis: Small lymphocytic lymphoma/CLL,
Grade IVB, affecting cervical, axillary, intraabdominal,
intrapelvic, inguinal lymph nodes, and the right lung.

Complication: Grade 1 anemia.

Concomitant diagnosis: Relapsing polychondritis affe-
cting ears (auricular perichondritis), eyes (episcleritis),
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musculoskeletal system (arthritis, arthralgias, tenosyno-
vitis), skin (neutrophilic (Sweet) dermatosis/exudative
erythema multiforme), ascending aorta (dilation), lungs
(induration foci), asociated with a lymphoproliferative
disease, high activity.

The increased perichondritis activity led to the
increase in methylprednisolone dose to 32 mg/day
with moderate positive effects. Specific immunotherapy
(rituximab), target therapy (venetoclax ramp-up), main-
tenance immunosuppressive therapy (methylpredniso-
lone), and preventive antiviral therapy (acyclovir) was
administered.

Subsequently the disease progressed. The small
lymphocytic lymphoma/CLL transformed into diffuse
large B-cell lymphoma CD5+, non-GCB variant, bulky,
IIB (Ann Arbor), with the refractory-relapsing course.
Hypoplastic variant of the myelodysplastic syndrome
also developed. Despite the treatment with corticoste-
roids, venetoclax, rituximab, glofitamab, 5-azacitidine
(for MDS correction), blood component transfusions,
polychemotherapy, and an attempt to inject donor (hap-
locompatible) T-lymphocytes, several complications
(including thrombosis, steroid-induced myopathy, pro-
tein-energy deficiency) developed, and the patient died
in August 2024.

Discussion

Rheumatic manifestations of malignancies and malig-
nancies in patients with rheumatic diseases form one
of the most interesting issues of internal diseases. Such
associations are caused by simultaneous oncogenic and
rheumatogenic potentials of various virus groups (hepa-
titis B, C, EBV, cytomegalovirus, HHV-8, etc.), chemi-
cal (including drug-induced) factors and autoantigens
(oncoproteins, tumor suppressor, proliferative antigens)
as triggers of antibody production with the activation
of autoimmune mechanisms in patients with neoplasms
(especially hematological ones). With that, the tumor
either precedes the rheumatic disease (true paraneopla-
sia) or develops as a secondary pathology (RD as a risk
factor of malignancies) [26].

The patient S. had a clear time association between
the disease manifestation and vaccination against the
SARS-CoV-2 virus, although several articular and even
ocular symptoms were present earlier (within several
years).

The diagnosis of RP was established in the patient very
quickly, considering the presence of a single major (right
auricular lesion) and two minor signs — episcleritis and
non-erosive, non-deforming arthritis (affecting the hand
and foot joints, sacroiliac and sternocostal joints), which
were later joined by nasal chondritis, tenosynovitis of
the Achilles tendon (with the intra-trunk fiber rupture);
aortitis (aortic root dilation) was confirmed as well. The

latter two lesions are not included into the diagnostic
criteria, but their presence (including tenosynovitis first
confirmed in RP) is a good addendum to the diagnosis,
while aortitis is another evidence of the disease “viscer-
alization”. The patient S. had a rare (3 %) variant of car-
diac lesions in the form of pericarditis (fibrin accumu-
lation on the visceral layer) and peripheral neuropathy
(detected less than in 4% RP cases) [7]. Foci of the pul-
monary tissue induration were also detected.

At the initial disease stage, no specific diagnostic
doubts were present, although significant systemic signs
observed in RP combined with the high activity and lim-
ited response to the treatment with methylprednisolone
and methotrexate raised some questions. It is important
to note (including the differential diagnosis) that the
patient S. did not have laboratory signs of autoimmune
pathologies that could be associated with RP (ANCA,
ACPA, rheumatoid factor, anti-DNA, anti-Sm (IgG),
antinuclear antibodies, etc.) — these sometimes allow
to put relapsing polychondritis into the group of auto-
inflammatory diseases (often genetically determined),
although the two-fold elevation in CIC levels (289 Uj
reference range: 0-120 U) and a single mild elevation
in the antinuclear factor titer (1:320) could not lead to a
unanimous decision.

The emergence of cutaneous lesions in the form of
neutrophilic (Sweet) dermatosis became a turning point
in the diagnostic search; this pathology is an inflamma-
tory non-infectious cutaneous reaction with predomi-
nant dermal neutrophilic infiltrate, which often develops
in response to the tumor, drug, immune diseases, sar-
coidosis, Behcet’s disease, etc. Based on the existing data,
Sweet syndrome associated with malignancies (most
often hematological, predominantly myeloid ones) forms
a significant portion (85 %) of cases [27, 28]. Cutaneous
manifestations (Sweet syndrome, etc.) is one of the most
common signs emerging in 90 % cases of the VEXAS
syndrome [29].

Meanwhile, simultaneous MSCT detected paraaor-
tic lymphadenopathy in the patient, although 8 months
before (almost 5 months after the RP manifestation)
axillary and inguinal nodes sized up to 3.0x0.86 cm were
detected in the patient S. during the US study in one of
the inpatient departments.

One should discuss macrocytic anemia in the patient
with normal folate and vitamin B, levels in blood. It
should be noted that this hematological phenomenon
was detected in the majority of patients with the VEXAS
syndrome [30], leading to the required repeated blood
transfusions in every third case [31]. Macrocytic anemia
was periodically accompanied by leukopenia (neutro-
penia) in the patient S. — almost a two-lineage cytope-
nia, which was possibly a precursor of myelodysplastic
syndrome. The latter one is reported on average in half
of patients with the VEXAS syndrome [30, 32], and it
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developed during the final disease stage during the cyto-
static therapy. Accounting for these data, the genetic test-
ing for the VEXAS syndrome was arranged in June 2022,
but its result was negative.

Conclusion

When comparing clinical and laboratory data of the
patient S. with the VEXAS-negative paraneoplastic RP
and results obtained by M.-Y. Khitri et al. [33] in the
population of 55 patients with VEXAS-RP, we confirmed
the presence of the following clinical signs in both cases:
hyperthermia, lesions of the skin, eyes, heart (aorta),
lungs; association with MDS, low treatment efficacy,
poor prognosis. Thus, firstly, the combination of highly
active RP with a wide spectrum of clinical manifesta-
tions, including Sweet syndrome, may be characterized
by a severe progressive polychondritis course regardless
of VEXAS presence; secondly, VEXAS-negative RP cases
demonstrating a high activity, a wide spectrum of clinical
manifestations (including visceral ones) in the absence
of laboratory autoimmune signs should be considered a
prognostically poor (possibly, hematological) variant.
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Clinical Case of Spontaneous Dissection of Branches
of The Left Coronary Artery in A Young Woman

Pesome

CrnoHTaHHas AMCCeKLMA KOpoHapHbix apTepuit (CIKA) — peAkasi, HO MOTeHLMaAbHO OMacHas MpUYMHA OCTPOro KOPOHAPHOIO CUHAPOMA, 0COBEH-
HO Y MO/IOAbIX eHLWMNH 6e3 TPaAULIMOHHbIX GaKTOPOB pUCKa CepAEeYHO-COCYAUCTbIX 3aboneBaHUn. IToorMYeckne GaKTopbl BKAOYaOT Pprbpo-
MbILIEYHYIO AUCMNA3MI0, HAaCNe/CTBEHHbIE apTepMonaTm, CUCTEMHbIe BOCMannTe/IbHble 3a60/1eBaHUA U FOPMOHa/IbHble U3MeHeHUA. HecMoTpsa Ha
nporpecc B AnarHoctuke, sevenne CAKA ocTaeTca CIOXKHON 3aAayeli BBUAY BbICOKOM BapuabenbHOCTU KAMHUYECKUX MPOABAEHUI U OTCYTCTBUA
e/AMHOro CTaHAapTa Tepanuu. peacTaBieH Cy4ailt MONOAO0N NaLMEHTKM, FOCNNTaN3NPOBaHHON C KAMHUKONM MHdapKTa MMOKapAa C NoAbeMoM
cermeHTa ST, BO3HUKLIErO Ha GOHE UHTEHCWMBHOW GpU3MYecKol Harpysku. Mpu nposeseHnn KopoHapoaHruorpadum (KAT) BbisiBeHa CrOHTaHHas
AMncceKuMa BeTBel 1eBOI KOpOHapHOU apTepui. B xoze KAT oTMeueHO nporpeccupoBaHye guccekumm, notTpebosasLuee MOBTOPHOIO CTEHTUPOBAHMA
1 UCM0/1b30BaHMA MeXaHUYeCKOMN NoAAEPIKKM KpoBoo6palueHus (BA-DKMO, BABK). HecMoTps Ha NpoBoaMMOe NedeHue, Y NaLMeHTKM COXpaHsaach
HecTabuabHaA reMojMHaMmMKa, NPorpeccupoBaHne NOIMOPraHHON HeJO0CTaTOYHOCTU, YTO NPUBENO K 1IeTa/lbHOMY UCXOAY.

Mo AaHHBIM FUCTONIOMNYECKOrO NCCe0BaHNA He UCK/IOYeHa UCMIa3UA CO@ANHUTENBHOM TKaHK, 4TO MOr0 6bITh NpeApacrnonaraowmm dak-
TOPOM Pa3BUTUA MCCEKLMMN KOPOHaPHBIX apTepuid. KIMHMYeckre pekoMeHAaL MM NpeanoaraioT KOHCepBaTUBHOE Be/leHne CTabu/bHbIX NaLMeHTOB,
O/JHaKO NMPU Ha/IMYNM OCNIOKHEHWI, TaKUX KaK KapAMOreHHbIN LLOK, NMOKa3aHo NpoBe/jeHne peBacKyasapusauun. B gaHHOM ciyyae MHBa3MBHaA Tak-
TVKa He NOB/INAA Ha NPOrHO3.

lMpvBeAeHHbIN Cayyaii 4eMOHCTPUPYET CIOXKHOCTb ANArHOCTUKM U BeAeHunsA nayneHTos ¢ C/IKA. HeobxognMbl AanbHelilune nccaeqosaHns Ans
pa3paboTKM ONTUMa/bHbIX CTPATErUil IeHeHNA U BbIABNEHWUA FreHETUHECKMX MapKepoB, Npepacrnonaralolmx K pasBuTUIO JaHHOW NaTonornu.
Knro4deBbie cn0Ba: cnoHmarHas duccekyus KOpoHapHbIX apmeputl, 0Cmpbili KOPOHapHbILl CUHOPOM, PUBPOMBILIEYHAS DUCNAA3US, SKCMPAKOPNO-
panbHas MeMbpaHHas OKCu2eHayus
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Abstract
Spontaneous coronary artery dissection (SCAD) is a rare but potentially dangerous cause of acute coronary syndrome, especially in young women
without traditional risk factors for cardiovascular diseases. Etiological factors include fibromuscular dysplasia, hereditary arteriopathies, systemic
inflammatory diseases, and hormonal changes. Despite the progress in diagnosis, the treatment of DMCA remains a difficult task due to the high
variability of clinical manifestations and the lack of a single standard of therapy. The case of a young patient hospitalized with a ST-segment elevation
myocardial infarction clinic, which occurred against the background of intense physical exertion, is presented. Coronary angiography (CAG) revealed
spontaneous dissection of the branches of the left coronary artery. The progression of dissection was noted during CAH, which required repeated
stenting and the use of mechanical circulatory support (VA-ECMO, IABC). Despite the treatment, the patient maintained unstable hemodynam-
ics and the progression of multiple organ disfunction, which led to death. Histological examination revealed connective tissue dysplasia cannot be
excluded, which could be a predisposing factor for the development of coronary artery dissection. Clinical recommendations suggest conservative
management of stable patients, however, revascularization is indicated in the presence of complications such as cardiogenic shock. In this case, the
invasive tactics did not affect the prognosis.

The above case demonstrates the complexity of diagnosis and management of patients with SDCA. Further research is needed to develop
optimal treatment strategies and identify genetic markers predisposing to the development of this pathology.

Key words: spontaneous coronary artery dissection, acute coronary syndrome, fibromuscular dysplasia, extracorporeal membrane oxygenation
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IgA — immunoglobulin A, IgG — immunoglobulin G, IgM — immunoglobulin M, TAPSE — tricuspid annular plane systolic excursion, TIMI — blood
flow scale, VTI LVOT — velocity-time integral of left ventricular outflow tract, BP — blood pressure, ALT — alanine aminotransferase, ANF — antinuclear
factor, AST — aspartate aminotransferase, Ab — antibody, VA-ECMO — venoarterial extracorporeal membrane oxygenation, DIC — disseminated
intravascular coagulation, DB — diagonal branch, MV — mechanical ventilation, MI — myocardial infarction, STEMI — ST-elevation myocardial
infarction, BMI — body mass index, CAG — coronary angiography, CT — computed tomography, LCA — left coronary artery, HDL — high-density
lipoproteins, LDL — low-density lipoproteins, CxA — circumflex artery, ACS — acute coronary syndrome, AKI — acute kidney injury, AHF — acute
heart failure, RCA — right coronary artery, Ca®" — ionized calcium, SCAD — spontaneous coronary artery dissection, SPAP — systolic pulmonary artery
pressure, DES — drug-eluting stent, CRP — C-reactive protein, DUS — Duplex ultrasound, hCG — human chorionic gonadotropin, PCI — percutaneous
coronary intervention, RR — respiratory rate, HR — heart rate, ECV — electric cardioversion, ECG — electrocardiogram, EchoCG — echocardiography,
PIVB — posterior interventricular branch, RRT — renal replacement therapy

Introduction
(Marfan syndrome, Loeys-Dietz syndrome, Ehlers-

Spontaneous coronary artery dissection (SCAD) is
an atraumatic, non-iatrogenic, and non-atherosclerotic
dissection of the coronary artery wall due to intramu-
ral hemorrhage caused by the intimal rupture or spon-
taneous bleeding from vasa vasorum, which leads to the
blood flow obstruction with the dissected endothelium
and the emergence of acute coronary syndrome [1].

SCAD is most common among young females with
low cardiovascular risks. No significant data about SCAD
prevalence have been found due to the absence of a clear
diagnostic protocol and variability of clinical signs. It
is presumed that SCAD causes 1-4 % of all myocardial
infarction cases and 35% of myocardial infarctions in
females under 50 years of age. The female-to-male ratio
is approximately 90:10, though in some observational
cohorts that can reach 60:40 [2-4].

SCAD is a multifactorial disease. SCAD is most often
associated with fibromuscular dysplasia — 25-86 % [5],
hereditary arteriopathies and connective tissue diseases

Danlos syndrome, al-antitrypsin deficiency, polycystic
kidney disease) are observed in 1.2-3% cases [6], sys-
temic inflammatory diseases — in > 1-8.9% cases [7].
Meanwhile, hormonal drugs may cause dissection in
10.7-12.6 % cases [8], while pregnancy becomes a pro-
voking factor in 2-8 % cases [9]. Extreme physical exer-
tion or emotional stress, sympathomimetics, delivery,
and extensive maneuvers (i.e. Valsalva maneuver) are
considered potential triggers in young persons in the set-
ting of altered hormonal background [3].

It is considered that SCAD usually manifests with
acute coronary syndrome (ACS). Nevertheless, the latest
data demonstrate that SCAD may also manifest with
cardiogenic shock, ventricular arrhythmias, and car-
diac arrest [10]. ST-elevation myocardial infarction (MI)
develops in 26-87 % patients with SCAD, non-ST-eleva-
tion — in 13-69 % cases. Cardiogenic shock is reported
in 2-5% patients, ventricular arrhythmias and sudden
cardiac death — in 3-11 % cases [10].
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Figure 1. Electrocardiogram (ECG) of patient K. at the pre-hospital stage

Below we present a clinical case study of ST-elevation
myocardial infarction as a result of spontaneous dissec-
tion of a left coronary artery branch in a young patient.

Case Study

The female patient K., 34 years old, was hospitalized
into the cardiac intensive care unit of the City Clinical
Hospital No. 52, Department of Healthcare of Moscow
City (CCH No. 52 DHMC), with the preliminary diag-
nosis of acute coronary syndrome.

On admission she complained about prolonged
pressure-like retrosternal pain that emerged during the
intensive physical exertion (swimming in the pool) and
did not disappear at rest. History: similar short-term
pain emerged earlier that disappeared spontaneously.
Within the previous months the patient had dyspnea
on exertion, but she did not undergo any examinations.
Life history: no specific cardiovascular diseases were
reported in the family history; the patient did not have
any comorbidities and bad habits.

Electrocardiogram (ECG): sinus rhythm, heart rate
(HR) 100/min, R wave regression in leads II, III, aVE
V1-V4; ST-segment elevation (max. 2 mm) in leads
V1-V4, negative T wave in leads aVR, aVL, V1, V2
(Figure 1).

The patient is normosthenic: height 170 cm, body
weight 69 kg, body mass index (BMI) 23.8 kg/m2.
Physical examination: clear consciousness, clean skin
of normal color and moisture level; no edema detected.
Respiratory rate (RR): 16 per minute. SpO, 98 % on
room air. Lung auscultation revealed vesicular breath-
ing with no rales. Regular rhythm, physiological accen-
tuation of tones preserved, no murmurs reported; HR
75 bpm, blood pressure (BP) 125/75 mm Hg in the left
arm, 120/75 mm Hg in the right arm. No specific fea-
tures were detected in other organs and systems. Preg-
nancy was excluded.

Laboratory data are presented in Table 1: increased
troponin I levels (twice over the upper limit of normal),
thrombocytosis, leukocytosis, electrolyte disorders,
hyperglycemia, cytolysis.

Based on clinical signs, ECG, and increased tro-
ponin levels, the following diagnosis was established:
acute anteroseptal ST-elevation myocardial infarction
(STEMI) spreading to the apex and the inferior wall of
the left ventricle (LV).

The patient underwent urgent coronary angiogra-
phy (CAG) (Figure 2 a, b, ¢, d, e, f, g, h). Left myocardial
supply type. No stenotic lesions in the trunk of the left

Table 1. Laboratory data of patient K.

| Parameters | Results | References |
Na+, mmol/l 1331 135-146
K+, mmol/l 2,71 3,3-5,5
Ca2+, mmol/l 1,031 1,13-1,23
Glucose, mmol/l 8,57 3,9-6,4
pH 7,300 7,320-7,420
Hemoglobin, g/l 127,0 120-140
Platelets, 1019/1 370,0 T 180-320
Leukocytes, 10/9/1 12,87 4,0-9,0
Troponin I (quantitative), ng/ml 4317 <23
D-dimer 54,00 <230
ALT, U/l 4717 0,0-38,0
AST, U/l 33991 0,0-38,0
CRP, mg/1 21,21 0,00-6,00
Total cholesterol mmol/l 4,1 0-5,3
Triglycerides, mmol/l 0,84 0,68-1,9
LDL cholesterol, mmol/l 1 1,94 0-3,38
HDL cholesterol, mmol/l 1 1,5 0,78-1,55
hCG, GE/ml <1,00 0-2,5

Note. Na* — sodium, K* — potassium, Ca®* — ionized calcium, pH — blood
pH, Troponin I (quantitative) — troponin I, D-dimer — fibrin degradation
product, ALT — alanine aminotransferase, AST — aspartate aminotransferase,
CRP — C-reactive protein, Total cholesterol — total cholesterol, Triglycerides —
triglycerides, LDL — low-density lipoprotein, HDL — high-density lipoprotein,
hCG — human chorionic gonadotropin
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Figure2a, b, ¢, d, e, f, g, h. Coronary angiography of patient K.
Note: A step-by-step description of coronary angiography is presented:
a. 80 % stenosis of the proximal segment of the LAD,
b. RCA without angiographic abnormalities,
c. Dissection of the left main coronary artery (LMCA) and LAD during guide catheter insertion,
d. Occlusion of the circumflex artery (Cx) from the ostium developed after stenting of the LMCA-LAD,
e. Stenting of the proximal segment of the Cx and the shaft of the LMCA was performed,
f. Dissection is visualized in the mid segment of the LAD and the distal third of the Cx
g. Final result after stenting of the mid segment of the LAD
h. Final result of PCI
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Figure 3. Electrocardiogram (ECG) of patient K. after surgery

coronary artery (LCA). Anterior interventricular artery
(AIVA): 80-85% stenosis in the proximal segment
(Figure 2a) with smooth contours over 20 mm long.
The 1st diagonal branch (DB-1): acute prolonged sub-
occlusion from the ostium to the proximal-middle DB
segment, TIMI blood flow 0-1. Spontaneous DB dissec-
tion was diagnosed, with the intravascular hematoma
spreading from the DB to the proximal AIVA segment.
The circumflex artery (CxA) and the right coronary
artery (RCA) (Figure 2b) did not have stenotic lesions.
During the percutaneous coronary intervention (PCI),
intimal dissection of the proximal AIVA segment
spreading to the LCA trunk was observed in the infarc-
tion-associated AIVA-DB territory (Figure 2c). The
drug-eluting stent (DES) was implanted in the dissec-
tion area. Occlusion of the CxA ostium was observed
in the follow-up CAG (Figure 2d). DES was implanted
into the recanalized and dilated segment from the
ostium to the middle CxA segment (Figure 2e). Due to
the no-reflow phenomenon, integrilin (2b/3a receptor
blocker) infusion was arranged. After the infusion, the
blood flow in the CxA restored. The follow-up CAG
detected intimal dissection in the LCA trunk along
the proximal edge of the stent implanted earlier, which
required DES implantation from the ostium, overlying
the proximal edge of the stent implanted earlier. During
the next follow-up, LCA lumen was restored, though
intimal dissection was diagnosed in the middle AIVA
segment and in the ostium of CxA PIVB, leading to
its occlusion (Figure 2f). DES was implanted into the
middle third of AIVA (Figure 2g). During the follow-
up, intimal dissection was reported along the proximal
stent edge, due to which DES was implanted, overlap-
ping stents implanted earlier. Attempts of DB recana-
lization were unsuccessful. CxA PIVB was recanalized
wth subsequent angioplasty, but due to metallization
of the LCA trunk and CxA, as well an acute angle of
CxA branching, it was not possible to implant a stent.
The follow-up examination did not determine intimal

UGS SR SR e S S I S SRS S s SR SR B N SIS SR SR, S
V6

pynn: 10 mm/my
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dissection. TIMI 3 blood flow was reported in the LCA
trunk, AIVA, CxA, and their branches (Figure 2h).

The patient intraoperatively developed clinical signs
of cardiogenic shock, requiring drug-induced and
mechanical circulatory support. The patient was trans-
ferred to mechanical ventilation (MV), venoarterial
extracorporeal membrane oxygenation (VA-ECMO) was
initiated, and the intraaortic balloon pump (IABP) was
installed.

ECG after CAG with stenting (Figure 3): sinus
rhythm, HR 125/min, R wave regression in leads I, aVL,
V1-V3; ST-segment depression (max. 2 mm) in leads II,
III, aVE

Echocardiography (EchoCG) after CAG with stent-
ing: significantly decreased general systolic LV function
(ejection fraction (EF) 12-13 %) along with diffuse hypo-
kinesis; circular akinesis of the LV apex spreading to the
middle segments of the posterior, inferior, lateral, and
anterior walls; VTT in the left ventricular outflow tract
(VTI LVOT) 3.3 cm; decreased right ventricular (RV)
contractility (tricuspid annular plane systolic excursion
(TAPSE) 1.4-1.5 cm). No aortic pathology was detected.
Cardiac chambers were not dilated, no valvular regurgi-
tations were detected; systolic pulmonary artery pressure
(SPAP) 35 mm Hg.

Accounting for the young age of the patient, absence
of risk factors and atherosclerotic lesions of coronary
arteries, the following diagnosis was established based
on CAG data: myocardial infarction caused by the spon-
taneous coronary artery dissection.

Systemic immune inflammatory diseases (systemic
vasculitides, antiphospholipid syndrome, systemic lupus
erythematosus, etc.) were considered in the differential
diagnosis. However, no clinical signs, negative results of
immunology tests (titers of antinuclear antibodies (Abs),
anti-myeloperoxidase, protease, cardiolipin Abs, cryo-
globulin levels) helped to exclude systemic connective
tissue disorders. Decreased C3 complement levels and
IgA levels were detected (Table 2).
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Table 2. Immunological studies of patient K.

Parameters | Results | References |
Serum complement component C4
(C4, C4f), mg/dL 12 10,0-40,0
Serum complement component C3
(C3, C3NCF, C3a), mg/dL 62 90,0-1700
Ant'lnuclear.antlbf)dles (ANA), 0.12 0.00-1,0
optical density units
Anti-B2-glycoprotein antibodies, GE/mL 1,6 0,0-10,0
Anti-myeloperoxidase (anti-MPO)
antibodies — IgG, IU/L 0.1 0,0-20,0
Anti-proteinase 3 (PR3) antibodies —
1gG, TU/L 2,5 0,0-20,0
Cryoglobulin orp
Total anticardiolipin antibodies, GE/mL 34 0,0-10,0
Immunoglobulin G (IgG), mg/dL 5451 1000-1400
Immunoglobulin M (IgM), mg/dL 521 130-170
Immunoglobulin E (IgE), IU/mL 24,9 0,0-130,0
Immunoglobulin A (IgA), mg/dL 1621 210-290

Note: C4 — Serum complement component C4 (C4, C4f), C3 — Serum complement
component C3 (C3, C3NCF, C3a), ANA — Antinuclear antibodies, optical density
units, Anti-B2GPI antibodies — Antibodies to f2-glycoprotein I, Anti-MPO

antibodies — Antibodies to myeloperoxidase (IgG), Anti-PR3 antibodies — Antibodies
to proteinase 3 (IgG), Cryoglobulin — Immunoglobulins that precipitate at low
temperatures and dissolve on warming, ACA (Total) — Total anticardiolipin antibodies,
IgA — immunoglobulin A, IgG — immunoglobulin G, IgM — immunoglobulin M,

IgE — immunoglobulin E

Duplex ultrasound (DUS) of vessels of upper and
lower extremities, including brachiocephalic arteries,
demonstrated their complete patency; the intima-media
complex was not thickened.

Computed tomography (CT)-angiography of the
aorta and its branches, arteries of lower extremities did
not reveal any vascular pathology (stenosis, aneurysms,
contrast defects, pathological tortuosity). Chest CT was
normal. Abdominal CT demonstrated dolichosigmoid.

Intima and p
the media

Figure 4. Coronary artery with medial layer rupture and
false lumen formation. Masson’s trichrome stain.

The treatment was arranged in accordance with clini-
cal guidelines of the Ministry of Health of Russia con-
cerning the diagnosis and treatment of acute ST-elevation
myocardial infarction (2020) [11]. Despite the inten-
sive multicomponent therapy, hemodynamics remained
unstable, paroxysmal ventricular tachycardia relapsed,
and multiorgan failure progressed in the setting of sys-
temic hypoperfusion. Death occurred 27 days after the
hospital admission.

The following main diagnosis was formulated before
autopsy: “Spontaneous DB dissection with the emergence
of AIVA hematoma. Acute anterior (spreading) ST-seg-
ment elevation myocardial infarction. CAG: intimal dis-
section in the proximal AIVA segment spreading to the
LCA trunk. LCA trunk dissection. LCA trunk stenting
spreading to AIVA, intraluminal recanalization of CxA,
balloon CxA angioplasty, CxA stenting, kissing dilation
of the LCA trunk bifurcation. No-reflow phenomenon.
Balloon CxA angioplasty. Intimal dissection in the ostium
of CxA PIVB. AIVA stenting.

Complications: Acute heart failure (AHF) Killip IV.
MYV, VA-ECMO, IABP. Paroxysmal ventricular tachycardia,
electrical cardioversion (ECV). Multiorgan (respiratory,
cardiovascular, hepatic, cerebral, renal) failure syndrome.
Coagulopathy. Acute kidney injury (AKI). DIC. Polyneu-
romyopathy of critical conditions. Renal replacement ther-
apy (RRT) sessions. Pulmonary edema. Cerebral edema”

Autopsy data: all coronary arteries had similar altera-
tions — wall dissection at the medial level (~3/4 along
the circumference) (Figure 4). The contracted intima and
partially media (arrow) lie in the arterial lumen with the
blood spilled in the dissection area. Destructive foci in
the media without rupture are observed in several large
arteries (Figure 5).
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Figure 5. Coronary artery with medial layer destruction
without rupture. Masson’s trichrome stain.
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Figure 6. Aorta. Marked myocyte edema. Masson’s
trichrome stain

Along the whole length the aortic intima is ivory-col-
ored and smooth. Histology revealed signs of destruc-
tion in the form of myocyte vacuolization (Figure 6)
and nuclear dystrophy in the form of hyperchromatosis
(Figure 7).

Connective tissue dysplasia could not be excluded
based on histology findings.

Thus, a young female patient developed acute trans-
mural LV MI caused by the spontaneous dissection of the
left coronary artery branches complicated with resistant
cardiogenic shock. Interpretation of clinical signs, ECG
patterns helped to select invasive tactics — PCI with
stenting and subsequent mechanical circulatory support
(IABP, VA-ECMO), which did not affect the outcome.

Discussion

Three SCAD types are defined by J. Saw (2014). In
that case angiography signs corresponded to the most
common type II [12]. This type features lesions of the
middle and distal segments of coronary arteries. Signifi-
cant (often mild) quick alterations of the arterial caliper
are observed, from their normal diameters to diffuse
narrowing. Diffuse (usually > 20 mm) and commonly
smooth narrowing may vary in severity from a slight,
mild stenosis to complete occlusion [13]. Accounting for
histology results, inside-out mechanism was observed,
with sudden intimal rupture and blood entering the
medium layer, forming a false lumen that increased due
to intramural pressure — as a result, intramural hema-
toma was formed [10].

The diagnostic search was limited due to the severe
patient’s condition. Arteriopathies were considered an
etiological factor of dissection, in particular the most
common cause of SCAD, i.e. fibromuscular dysplasia
(FMD). The diagnosis of coronary artery FMD is diffi-
cult, as no pathognomonic disease symptoms are present,

Figure 7. Aorta. Myocyte vacuolization with nuclear
dystrophy presenting as hyperchromatosis

while diagnostic criteria are still not available. Based on
investigators, renal, carotid, and vertebral arteries are
most commonly affected [14]. FMD of coronary arteries
is mainly characterized by lesions of middle and distal
segments, with smooth lumen narrowing. FMD is often
detected when other arterial territories are affected. In
this case, proximal AIVA segment was the one affected.
CT-angiography and DUS did not detect stenosis, aneu-
rysms, tortuosity in other vascular territories.

Based on literature, multi-vessel dissection with the
LCA trunk involvement and higher percent of complica-
tions were reported when SCAD was detected in preg-
nancy [15]; however, pregnancy was excluded in our
patient.

No specific data were reported for non-specific aor-
toarteriitis (NAA, Takayasu disease), as no significant
difference in blood pressure values and pulse features
in both upper and lower extremities was observed. No
angiographic signs of aortic pathology were detected.
Laboratory NAA markers are not developed; however,
according to clinical guidelines, increased immuno-
globulin, C3-complement, anti-cardiolipin and b2-gly-
coprotein Ab levels are possible [16], which were not
confirmed in our patient. Titers of antinuclear antibodies
(Abs), anti-myeloperoxidase, protease, cardiolipin Abs
in our patient did not exceed acceptable values, i.e. no
systemic vasculitis was detected.

Several genetic connective tissue diseases are asso-
ciated with SCAD (Marfan syndrome, Loeys-Dietz
syndrome, Ehlers-Danlos syndrome (type 4), Alport
syndrome, polycystic kidney disease, osteogenesis
imperfecta), but they form a small proportion among
all SCAD cases [17], and these were not diagnosed in
our case. Vascular dissection or rupture may manifest
as a vascular syndrome in non-differentiated connec-
tive tissue dysplasia (NCTD), which is most commonly
detected among females of reproductive age [18].
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Based on the histology results in the clinical case dis-
cussed, the destructive process was detected in the media
of coronary arteries and aorta together with vacuoliza-
tion. This description confirms altered architectonics of
the elastic carcass, defect of fibrous structures and proper
substance of the connective tissue that form the basis for
dysplasia pathogenesis.

28 syndromes have been currently described in
NCTD [19]. A history of cardialgia (one of the leading
symptoms in NCTD), dolichosigmoid (syndrome of
digestive system pathology), decreased C3-complement
and immunoglobulin (including IgA) levels (immuno-
logical disorder syndrome) may indirectly define this
disease in our patient. Smetanin M. Yu. et al. (2018)
demonstrated that patients of reproductive age with con-
nective tissue dysplasia had bone metabolism disorders
with deficiency of vitamins, macro- and microelements
participating in bone mineralization, collagen synthesis
and maturation [20]. Decreased plasma Ca2+ levels were
diagnosed in a patient. Detected alterations can allow to
suspect NCTD syndrome in the patient.

Genetic screening was not arranged due to the cur-
rent absence of clear data on those hereditary diseases
that may lead to SCAD and insufficiently analyzed
genetic basis of SCAD. An association has been estab-
lished for adverse NCTD cardiovascular manifesta-
tions with the homozygous T80807T phenotype of the
SP4 polymorphic gene, homozygous AA phenotype
of the -1 adrenoceptor polymorphic gene, G allele of
the MMP9 polymorphic gene (-8202 A/G), heterozy-
gous 5A/6A phenotype of the MMP3 polymorphic gene
[21]. Data demonstrating the association of SCAD with
the PHACTR1/EDNI locus have also been discovered.
Antonutti M. et al. (2021) described gene mutations
in COL3A1, COL5A2, FBN2, LTBP2, NOTCH1, ELN
genes, as well as their associations with the major adverse
cardiovascular events, including SCAD relapse, cardio-
genic shock, and heart failure [22].

According to Kotecha D. et al. (2021), wide dissection
area and location in proximal segments are associated
with a higher risk of complications, while the simultane-
ous dissection of more than one artery may be associated
with worse prognosis compared to patients with single-
vessel lesion [23]. According to an expert opinion, SCAD
treatment in stable patients without relapsing chest pain
should be conservative. Revascularization is considered
in high-risk patients who correspond to at least one of
the following criteria: unstable hemodynamics, car-
diogenic shock, ventricular arrhythmias, ventricular
fibrillation, persisting and recurrent SCAD, intramural
hematoma > 10 mm long or its continued prolongation,
LCA trunk dissection, prolonged proximal dissection of
AIVA, circumflex artery (CxA) or RCA, ostium dissec-
tion of AIVA, multi-vessel dissection [24]. The patient
discussed in the clinical was in the high-risk group of

poor outcomes due to proximal AIVA dissection, unsta-
ble hemodynamics, and cardiogenic shock. Successful
revascularization was arranged, but it did not affect the
prognosis.

Conclusion

Spontaneous coronary artery dissection (SCAD)
remains a rare, but potentially life-threatening condi-
tion, which diagnosis and management are rather diffi-
cult, especially in young females without traditional risk
factors. With the limited evidence and absence of general
treatment standards, the choice between the conserva-
tive and invasive tactics requires individual approach
based on clinical signs, hemodynamic patient stability,
angiography data, and the hospital capabilities. The pre-
sented clinical case underlines the importance of mul-
tidisciplinary interactions and required further studies
aimed at compiling clear recommendations on the man-
agement of this patient category.
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