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®rAOY BO PHMMY um. H.W. NMuporosa Munsgpasa Poccun, kadepa NoSMKAMHUYECKOW Tepanum
neyebHoro dpakynbTeTa, kadpeapa fepmMaToBeHeposiorMm eyebHoro pakynbteta, Mocksa, Poccus

BO3MOJKHOCTU OBCAEAOBAHMSI
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3BEHE 3APABOOXPAHEHU

V.N. Larina*, T.A. Gaydina, A.S. Dvornikov, K.E. Nazimkin

N.I. Pirogov Russian National Research Medical University, Moscow, Russia
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PesoMe

B HacTosAllee BPEMFI B CprKType CMepTHOCTVI HaceneHua B Poccuiickon <1>ep,epau,MM n PﬂAa APyFVIX CTPaHaX OHKO/Iorn4yeckue 3a6oneBava 3aHUMa-
T Bep,yLIJ,VIe nosnuun cpe,a,M ApyFVIX I'IPVI'-IMH. MeiaHOMa KoXu aBnaeTca OAHOI‘/'I n3 HaVI6OI1€e arPECCI/IBHbIX 3/10Ka4eCTBEeHHbIX OI'IyXOﬂeI‘/’I, C 6bICprIM
I'IPOFPECCVIPOBaHVIeM, Hepe,qKo I'IPI/IBOAHLLU/IM K neTaanOMy VICXOAy B AOCTAaTOYHO KOpOTKVIe CpOKVI. PaHHee BbiABNEHUE U PaLl,VIOHaIleO OpFaHVI30-
BaHHaA MapLIprTVI3aLWIﬂ nauyneHToB C I'IepBVNHO BblAB/IEHHO Me/IaHOMOW KOXXW B I'IepBVHHOM 3BeHe 3ApaBOOXPaH€HMH HanpaBneHa Ha CHMXXeHue
3a6oneBaeMocw| n CMepTHOCTM OT 3/10Ka4eCTBEeHHbIX 3a6oneBaHM|7|, ynquueHMe KayecCcTBa XXW3HU NMayneHTOB. Pe3yl1bTaTbI MCCHEAOBaHMVI npe,qno-
2larakoT, 4To yBeIWNeHVIe 3a6oneBaeMocm Me/NIaHOMOW KOXU 06yCIIOB/1€HO KaK FVII'IePAVIaFHOCTVIKOVI, TakKun HaCTOpO)KeHHOCTb}O Bpa‘-lel‘;l N HaceneHusa
Mo OTHOLWEHUIK K MMrMeHTHbIM HOBOO6pa3OBaHVIﬂM KOXW. B cTaTbe 06Cy)KAaIOTCFI (I)aKTOPbI PI/ICKa Pa3BVITVIﬂ Me/1aHOMbI KOXW. YAGIIFIETCH BHMMaHMe
COBPeMeHHbIM K/IMHN4YeCKUM MeTo4aM I'IpOFH03VIPOBaHVIH Te4yeHNA Me/ZlaHOMbI KOXMU, I'IOCKOany AaHHOe 3a6oneBaHMe ABNAETCA NOTeHUMa/lbHO 06-
PaTVIMbIM. PaCCMaTPMBa}OTCﬂ KOMI'IbI‘OTeprIe MeTo/ bl CKpVIHVIHFa N ANarHOCTUKU Me/IaHOMbI KOXMWH, I'IPI/IMeHVIMbIe B ndOBVIFIX I'IePBVI‘-IHOFO 3B€Ha
3APaBOOXpaHeHMH. OTAeIIbeIVI paa,qen I'IOCBiILLléH AePMaTOCKOI'IVIVI nan 3I'IVI}1IOMVIHECLI,EHTHOI‘/'I MVIKPOCKOI'IVIVI, KOTOpaﬂ OTHOCUTCA K nccieaoBaHuto
MUrMEeHTHbIX I'IOpa)KeHVIl‘;I KOXW C NCNo/ib30BaHMneM I'IOBerHOCTHOVI MVIKPOCKOI'II/IVI. I'Ipe,a,CTaBneH nepe\-leHb MCCHEAOBHHMVI I'Ipl/l I'IOAO3P€HVIVI Ha 3/10-
Ka4yecTBeHHOe HOBOO6PaBOBaHVIe KO)KVI/MenaHOMy KOXUn y nayuneHTa, O6paTVIBLLIeFOCﬂ 3a MeAVILI,VIHCKOf;I nMoMoOLbIO B ne‘-l€6H0-I'IPO¢VInaKTVI‘-|€CKOE
yupexaeHnune. ObcyxzaeTca 3Ha4MMOCTb KpuTepues anroputma ABCDE, anroputMma «ApgeH3naHO» B UCCIe40BaHUM MUTMEHTHbIX MOPaXeHUi
KOXU C Aaanef;ILIJVIM aHa/n3omMm Pe3yl1bTaTOB VICKyCCTBeHHbIM UHTEN/ZIEKTOM AnA I'IpVIHﬂTVIFI pemeva.
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Abstract

Currently, in the structure of mortality in the Russian Federation and a number of other countries, oncological diseases occupy a leading position
among other causes. Melanoma of the skin is one of the most aggressive malignant tumors, with rapid progression, often leading to death in a fairly
short time. Early detection and rationally organized refferral of patients with diagnosed skin melanoma in primary health care settings is aimed at
reducing morbidity and mortality from malignant diseases, and improving the quality of life of patients. Research results suggest that the increased
incidence of skin melanoma is due to both overdiagnosis. and an increase in the alertness of doctors and the population in relation to pigmented skin
formations. The article discusses the proven risk factors for the development of skin melanoma, since this disease is potentially reversible. Attention is
paid to modern clinical methods for predicting the course of skin melanoma. The review article examines computer-based methods for screening and
diagnosing skin melanoma, applicable in primary health care settings. A separate section is devoted to dermatoscopy or epiluminescence microscopy,
which refers to the study of pigmented skin lesions using surface microscopy. A list of studies is presented in case of suspicion of a malignant
neoplasm of the skin / melanoma of the skin in a patient who sought medical help at a medical and prophylactic institution. The significance of the
criteria of the ABCDE algorithm, the “Argenziano” algorithm in the study of pigmented skin lesions with further analysis of the results by artificial
intelligence for decision-making is discussed.

Key words: malignant tumors, melanoma, skin, dermatoscopy, primary health care settings
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In recent decades, the incidence of skin melanoma
(SM) in most developed countries has been steadily
increasing, much faster than other types of cancer [1, 2].
According to statistics, in 2018 in the Russian Federation
(RF), the skin was the leading localization in cancer mor-
bidity for both men and women (12.6% — without mela-
noma; 14.4% — with melanoma) [3]. At the end of 2019,
in local cancer institutions in the Russian Federation, the
skin remained the leading localization in the incidence
of malignant neoplasms for both men and women (with-
out melanoma — 13.1%, with melanoma — 15.0%) [4].

From 2008 to 2018, mortality due to SM in men and
women in our country increased by 11.19% [3]. The
increase in the incidence of melanoma is due to both
overdiagnosis and the vigilance of medical personnel
and the general population in regard to pigmented skin
neoplasms.

The life expectancy of patients with SM depends pri-
marily on the stage of the tumor process when the treat-
ment was started; disappointing statistics in the Russian
Federation suggest the underdevelopment of early diag-
nosis of SM. Despite the increase in the rate of active
detection of patients with SM in the Russian Federation
in 2017, only one in three patients was actively detected.
In 2016-2017, the neglect rate in regard to SM remained
at 19.0%, which is unacceptably high in case of visually
localized tumors [5].

An increase in the incidence of melanoma by 4-6%
per year in elderly patients with fair skin has been
reported in many countries, including Australia, the
United States and most parts of Europe [6-8]. At the
same time, there is a significant increase in the overall
five-year survival of patients with SM, which is largely
associated with early diagnosis and detection of tumors
at initial stages [9]. The prognosis for some patients with
melanoma may be favorable. However, the disease has a
significant impact on the quality of life [10] and health
care costs [11].

SM is a potentially preventable tumor because it
has proven risk factors for its development. The most
significant risk factor for SM is skin exposure to ultra-
violet radiation [12]. Other risk factors include sun-
burn in childhood, Fitzpatrick skin phototypes I and II,
CDKN2A genetic mutation, ten or more dysplastic nevi
or more than 100 multiple melanocytic skin nevi, history
of SM, familial melanoma [13, 14].

Early detection, well-organized routing of initially
identified patients with SM and timely treatment sig-
nificantly improve the prognosis. The diagnosis of SM in
primary health care is difficult because physicians are not
sufficiently qualified to conduct a differential assessment
of the nature of pigmented skin lesions [15]. Considering
the current situation, physicians of outpatient depart-
ments have to improve their skills in diagnosing SM [16].
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Diagnosis of
Skin Melanoma

To differentiate SM from benign pigmented skin
lesions, a number of clinical prediction methods
(CPRs — Complex Regional Pain Syndrome) and com-
puter diagnostic methods have been developed.

The UK National Institute of Clinical Medicine
(NICE) does not recommend the routine use of com-
puter-assisted diagnostic tools in the initial assessment
of skin lesions. However, it recommends a seven-step
diagnostic algorithm in primary care for the diagnosis of
SM. During the diagnosis of SM by dermatologists, some
CPRs clinical prediction methods have demonstrated
high sensitivity and specificity [9].

When examining a skin neoplasm, dermatologists
most often use an ABCDE algorithm, which evaluates
the following criteria: asymmetry of tumor, irregular
borders, irregular coloration, diameter 6 mm or more
and morphological changes, i.e. enlargement. If two
criteria are met, the sensitivity and specificity of the
ABCDE algorithm is 89.3% and 65.3%; if three criteria
are met — 65.5% and 81% [9].

Skin neoplasms may have their own unique elements.
However, there are common features that are typical for
a particular neoplasm, so illustrations can be used in
primary care as one of the clinical prediction methods.
CPRs can be used alone for clinical (i.e. naked eye exami-
nation) examination of a skin lesion, or in combination
with dermoscopy.

Dermoscopy

Dermoscopy, or epiluminescence microscopy, refers
to the examination of pigmented skin lesions using sur-
face microscopy [17]. The use of dermoscopy, primar-
ily by dermatologists, improves the accuracy of diagno-
sis compared to naked eye examination, since it allows
visualization of specific features that are not visible to
the naked eye [18]. In their work, Kittler H. et al. (2002)
demonstrated a higher diagnostic accuracy of dermos-
copy than when no dermoscopy is used to detect SM
(OR 4.0 [95% CI 3.0-5.1] vs OR 2.7 [95% CI 1.9-3.4];
p =0.001) [19].

However, the effectiveness of dermoscopy depends
on the clinical experience and professionalism of the
specialist. Dermatologists with extensive experience and
training in dermoscopy have higher rates of detecting
SM than inexperienced dermatologists or primary care
physicians [20]. According to D. Piccolo et al. (2002), the
sensitivity of diagnosing SM via dermoscopy was higher
for an experienced dermatologist (92%) and lower — for
an inexperienced dermatologist (69%); specificity was
also higher for the experienced (99%) than the inexpe-
rienced professional (94%). The authors cited an inter-
esting fact that computer analysis showed more false
results (26%) than an experienced (0.6%) and inexperi-
enced (5.5%) dermatologist [21].

Software for computer analysis of malignancy of skin
neoplasms is being improved. This is critical during a

pandemic when patients want to get a “second opinion”
remotely.

In recent years, new methods for assessing the pig-
mentation of skin neoplasms and detecting melanoma
have emerged, including spectrophotometric intracuta-
neous analysis, or SIAscopy, optical coherence tomog-
raphy, confocal microscopy, multiphoton tomography,
electrical impedance spectroscopy etc.; all these methods
should be more actively implemented in general clinical
practice [22].

Primary care physicians often deal with skin lesions
with suspicions of malignancy; they are difficult to differ-
entiate from true malignant neoplasms when the patient
should be immediately referred to a specialist for veri-
fication of diagnosis and treatment. At the same time, a
primary care physician should be informed about benign
skin neoplasms that can be observed when working in an
outpatient department [15].

In the Russian Federation, particularly the Moscow
Healthcare Department, one of the priorities in recent
years has been delivering preventive medical care to the
public, including early diagnosis of oncological diseases
and timely start of treatment. New algorithms and educa-
tional projects for the early diagnosis of malignant neo-
plasms and routing of patients with suspected or newly
diagnosed cancer are being developed and implemented.
One of the regulations governing the organization of
oncological medical care in the Moscow Healthcare
Department is the order of the Moscow City Healthcare
Department No. 16 of January 15, 2020 “On the Provi-
sion of Medical Care in the Field of Oncology in Medical
Organizations of the State Healthcare System of the City
of Moscow” [17].

This order approved a list of examinations for patients
with complaints or signs typical for an oncological dis-
ease, as well as the timing of examination and the timing
consulting oncologist when the preliminary diagnosis of
amalignant neoplasm is confirmed (3 and 5 days, respec-
tively). One of the sections of this order includes a list of
complaints/signs of skin malignant neoplasm/melanoma
and a list of examinations for suspected skin malignant
neoplasm/melanoma.

The list of complaints/signs of skin malignant neo-
plasm/skin melanoma requiring further examination of
patients is given below:

1. Pigmented lesion with rapid growth.

2. Pigmented lesion with changing configuration of
its boundaries.

Pigmented lesion with different coloration.
Itching in the area of pigmented lesion.

Burning sensation in the area of pigmented lesion.
Indolent skin ulcer.

Painful and bleeding ulcers, induration, crusts on
the skin surface (especially on the scalp, neck).

8. Induration of skin area.

9. Red border around any mass lesion.

If the patient has any complaint, they should be
examined according to the list given in Table 1.

To meet the requirements of this order and improve
the quality of medical care for the early diagnosis and

N W
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Table 1. Checklist for suspected skin malignancy / skin melanoma

N Investigation Importance Additional condition
1. Clinical blood test Yes, if,it was not performed No
during the last 14 days
2. Activated partial thromboplastin time Yes No
3. Prothrombin (thromboplastin) time Yes No
4. Antibodies to the Hepatitis C virus in blood Yes No
5. Hepatitis B virus antigen (HBsAg) in blood, qualitative study Yes No
6. Antibodies to the Treponema pallidum in blood test Yes No
7. Human immunodeficiency virus test Yes No
8. Consultation with an oncologist Yes No

treatment of oncological diseases, the Personal Assistant
project was implemented in the work of primary health
care facilities in Moscow [23]. This project is intended to
provide consultative and logistical assistance to patients
from the moment of suspicion of a malignant neoplasm
and examination to confirm the diagnosis to registration
with an oncologist for regular medical check-ups and
treatment.

At present, for the early diagnosis of SM, primary care
physicians of the Moscow Healthcare Department can
use clinical research methods (naked eye) and impro-
vised low-magnification optical systems (loupes). The
latter were approved in the mandatory list of devices for
primary care physicians and have been widely used only
in the last five years with the addition of general practi-
tioners to the staff of local clinics. In recent years, general
practitioners have also been using dermoscopes in their
routine practice. An illustrative example is dermoscopy
performed by a primary care physician/general practi-
tioner in the case of suspicious skin neoplasms as part of
a comprehensive examination of patients in “Zdorovaya
Moskva” pavilions.

Despite that recently, at the primary care stage in
Russian health care, special attention has been paid to
the early diagnosis of malignant skin neoplasms, the
incidence of neglected SM remains high [5].

This is primarily due to primary care physicians not
being sufficiently skilled in the field of skin neoplasms.
Insufficient time devoted to oncodermatology during the
initial training and postgraduate education of primary
care physicians/general practitioners, little experience in
working with SM patients — all this affects the timely
verification of malignant skin tumors [24].

Diagnosis of Skin Neoplasms
Using the Example of
Examination of a Patient

in Primary Health Care

Below is an example of patient examination, which
indicates the possibility of timely diagnosis of skin neo-
plasms in primary health care with subsequent routing
to provide immediate specialized treatment.

During examination in the course of periodic medical
check-up at a Moscow clinic, a mass lesion was revealed
on the skin of the back of patient N., 7 mm in diameter,
with a round shape, distinct boundaries, light brown in
color, with slight polychromy, an uneven surface, rising
above the surface of unchanged skin.

Consultation was conducted with an associate pro-
fessor of the Department of Outpatient Therapy of the
Medical Faculty of the N.I. Pirogov Russian National
Research Medical University. During the visit, a macro
photo of the skin neoplasm was taken (Fig. 1, A), as well
as a dermoscopic micro photo (Fig. 1, B) using a Handy-
scope optical device with 20x magnification (FotoFinder;
Germany) connected to a smartphone with the Handy-
scope3 mobile application. Artificial intelligence in this
application is a convolutional neural network (CNN),
which is trained based on more than 100,000 micro
photos of skin neoplasms with a histologically confirmed
diagnosis; it is the optimal option for screening diagnos-
tics in primary health care [25]. CNN is able to develop its
own decision-making algorithms during image analysis
and demonstrates better specificity and sensitivity com-
pared to dermatologists with initial (up to 2 years) and
intermediate (up to 5 years) experience in dermoscopic
evaluation [25]. Handyscope is a convenient portable
device that allows to not only take high-quality images
of skin neoplasms and analyze them with CNN, but also
e-mail them through the Handyscope3 application for
prompt discussion of a clinical case with competent sub-
ject matter experts, which is critical for primary care phy-
sicians and the development of telemedicine in general.

In patient N., computer analysis by CNN in the
Handyscope3 mobile application showed a high risk of
neoplasm malignancy (red zone 0.93) (Fig. 1, C). The
patient was referred to an oncologist to determine fur-
ther treatment tactics.

Amid the ongoing Covid-19 pandemic, the option to
take a photo of a skin melanocytic nevus (SMN) with
the subsequent entry of macro and dermoscopic micro
photos into an electronic patient record for further anal-
ysis and remote consultation is especially relevant. Our
foreign colleagues widely use the opportunities for tele-
dermoscopic consultations. In a pilot study, Zink A. et al.
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Figure 1. A — macro view of a neoplasm on the back skin

B — dermatoscopic micrograph of a neoplasm on the back skin

C — assessment of a dermatoscopic micrograph of the neoplasm by artificial intelligence

compared the accuracy of the results of teledermoscopic
consultations with subsequent SMN histology. Macro
and dermoscopic micro photos of SMNs were taken
by five medical residents in 26 patients using a mobile
phone and a Handyscope optical system, and the images
were analyzed by an experienced dermatologist. As a
result of remote teleconsultation, it was decided to
excise and histologically examine 23% of SMNs from
those examined. There was a 92.3% match of diagnoses
made remotely using macro photos and dermoscopic
microimages with histological examination. It is impor-
tant that macro photos and dermoscopic microimages
of SMNs can be taken not only by subject matter experts
but also by primary care physicians. And the analysis of
the obtained images can be used both for screening for
SM and for remote consultations on further tactics of
patient management. Mobile teledermoscopy may be an
alternative to a clinical examination by a subject matter
expert [26].

Undoubtedly, entering macro photos and dermo-
scopic microimages of SMNs into an electronic patient
record for subsequent computer analysis by CNN and/or
for remote telemedicine consultations can be a good
instrument for early diagnosis of SM by primary care
physicians.

Prospects for Improving

the Diagnosis of Skin

Melanoma in Primary

Health Care

Particular attention should be paid to improving the
equipment of primary care physicians” offices with der-
moscopes and guidance materials (illustrations of skin

neoplasms, clinical guidelines, clinical prediction meth-
ods) [27].

Optimization of the routing of patients with sus-
pected malignant neoplasms, including SM, has a sig-
nificant impact on the timely establishment of diagnosis,
speeds up diagnosis, improves its accuracy and enables
to start treatment earlier [23].

If SM is suspected, primary care physicians often
refer patients to a dermatologist and not an oncologist
in order to determine further tactics for examining the
patient, which delays diagnosis and treatment. Referral
for a biopsy only after consultation with an oncologist
and the inability to take a biopsy from a patient with sus-
pected SM directly at the district cancer detecting center
at the patient’s place of residence also delay diagnosis
and are often the key challenges. Using the example of
delivering cancer care at the Moscow Healthcare Depart-
ment under the new Moscow Standard for the provision
of cancer care, such challenges can be resolved by setting
up multidisciplinary cancer centers with a full range of
clinical capabilities. These centers enable the diagnosis,
surgical treatment, medication therapy and regular med-
ical check-up of patients with oncological diseases. Each
center receives patients from one or two administrative
districts of Moscow. In this way, all stages of specialized
care are carried out within one medical facility [23].

Overdiagnosis of SM is an equally important prob-
lem [28]. On the one hand, referral of a patient with any
skin neoplasm for consultation with an oncologist with
further biopsy to confirm the diagnosis will not be help-
ful. On the other hand, it requires additional resources
of the cancer department and leads to emotional stress
in case of a wrong diagnosis of skin cancer and referral
to an oncologist, as well as in the case of an unjustified
biopsy. Therefore, training primary care physicians in
the field of dermatooncology and equipping the work-
place with modern diagnostic instruments is justified
and necessary.
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Using computer information systems in routine prac-
tice could significantly improve the diagnosis of SM.
For example, the presence of a dermoscopy report in
the patient’s electronic record with the option to enter
data in accordance with the criteria of various algorithms
(ABCDE, Argenziano 7-point checklist, etc.) with fur-
ther analysis by artificial intelligence, obtaining a result
and making a decision.

The option to take photos of skin neoplasms with
their transfer to an electronic record will allow to visually
assess changes in the skin neoplasms. If dermoscopy is
not accompanied by photographic evidence, i.e. dermo-
scopic images — and this is precisely the state of affairs
in Russian primary health care — then, when observing
a patient over time, it is difficult to compare the results
of the current and previous dermoscopy examinations,
especially if they are carried out by different specialists.
This is also because there is no standardized protocol for
recording the detected dermoscopic signs using a certain
sequence and unified terminology for their description,
depending on the particular dermoscopic algorithm
used [23, 28].

An image (photo) of a skin neoplasm in the patient’s
electronic record will also allow remote diagnosis and
double-checking by experts or a computer similar to the
“artificial intelligence” of the X-ray department of the
Moscow Healthcare Department [29-31].

The use of SM clinical prediction methods in actual
clinical practice by primary care physicians requires
additional time during examination, which is currently
not provided for these procedures and, according to the
standard, averages 15-18 minutes [32].

Conclusion

Today, more and more attention is paid to the prob-
lem of early diagnosis of malignant skin neoplasms.
New clinical prediction methods are being developed,
and the existing ones are being improved. Workplaces
are beginning to be equipped with new diagnostic
instruments; new innovative methods for diagnosing
SM are being applied, such as “smartphone optical sys-
tems”, etc. [33-39]. However, there are several issues
that have not been fully resolved, such as the compe-
tence of primary care physicians in the field of der-
matooncology, the full equipment of workplaces with
diagnostic instruments and guidance material and the
improvement of routing patients with suspected skin
malignancy and additional time for diagnostic pro-
cedures. Solving these issues will reduce not only the
frequency of underdiagnosis of SM but also its over-
diagnosis, which leads to unjustified biopsies, surgical
interventions that affect the quality of life of patients,
as well as additional financial costs. A well-function-
ing system of providing medical care to patients with
suspected skin cancer will enable the timely verifica-
tion of the diagnosis of SM, the placement of such
individuals under care, their monitoring and treatment
and extending the life expectancy and improving the
quality of life of such patients.
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Pesiome

HelpodunbpomaTos 1-ro Tvna ABAAETCA CaMblM PacnpOCTPaHeHHbIM ayTOCOMHO-A0MUHAHTHBIM OMyX0/1eBbIM CUHAPOMOM, BCTPeYaloLWMMCA C Ya-
ctoTtoii 1 Ha 3000 HaceneHnA. OCOBEHHOCTbIO KNMHUYECKUX NPOAB/IEHNI 601€3HU ABAAETCA NOCTENEHHOEe NOABIEHNE NPU3HAKOB U BbIPaXEHHbI
KNMHWYECKNIA NONUMOPPU3M OT CTEPThIX M aTUNMNYHBIX GOPM A0 TAXKE/bIX KNaCCUYeCKMX NPoAB/eHWiA. B faHHOM 0630pe paccMoTpeHbl 3abone-
BaHWA, CUMNTOMbI KOTOPbIX 3HAYUTE/IBHO CXOXMW C HelipodMbpOMaTo30oM 1-ro TUMa, B CBA3M C YEM BaXKHbIM METOAOM ANs AnddepeHLnanbHom
AAMAarHOCTUKM ABNAETCA MO/IeKYNAPHaA AnarHoCTMKa 6oae3HU. MockonbKy 10% cnyyaeB 3a6os1eBaHUA 06YCN0BNEHDBI KPYMHbIMU feNeLnaMmn 0Ky-
ca 17q11.2, noMmuMo cekBeHnpoBaHusa reHa NFT Heo6XoAMMO NpoBeAeHMe 3aBUCMMOW OT JIMFMPOBAHUA MYNbTUM/IEKCHON aMMIMPUKaLUM 30HAA.
B 60nbWKHCTBE Cly4aeB HayasibHbIMU NPOABAEHUAMU HellpodumbpomaTosa 1-ro TUna ABAATCA MHOXECTBEHHbIE MUIMEHTHblE MATHA, KOTOpble
Ha NPOTAXKEHUN MHOTUX N1eT MOTYT 6bITb €AMHCTBEHHBIMU BHELIHUMY NPU3HaKaMu 601€3HK. B CBA3M € 3TUM MOryT 6bITh OWIMGOYHO YCTaHOB/EHbI
[AVNArHo3bl, 1A KOTOPbIX XapaKTePHbI JaHHbIe MMITMeHTHbIe M3MeHeHuA: cHApoMbl Bayma, LEOPARD, KapHes, Koctenno, Koyaera, Jlernyca, Huit-
MereH, HyHaH, MeiTua-Erepca, Cunbeepa-Paccena, kapAno-$aLmno-KoxHbli cHAPOM. O6HapyXeHWe NOAKOXHbIX HeMpopUOPOM MOXeT cTaTb
OCHOBaHMEM A/l HEBEPHOW AMArHOCTUKN CXOMMX MO KAUHUKE CUHAPOMOB Jlernyca U MHOXeCTBEHHOWM SHAOKPUHHOW Heonnasunu. Kpome Toro,
MHOXeCTBEHHbIE /INMOMbI ABAAIOTCA CNeUnPUIECKUMI NPOABIEHUAMU NUNOMaTO30B MagesyHra uam [lepkyMa, ceMeliHOro aHrMoaMnoMaTosa,
3TUO/IOTUA KOTOPbIX CHMTAETCA HensBeCTHOW. CAenaHo NpesnoNoXKeHNe, YTO 3T 3abosieBaHUA ABAAIOTCA aTUNUYHBIMU GOpPMaMK Helpodubpo-
MaTo3a 1-ro Tuna, MOCKO/IbKY pPAj aBTOPOB ONMUCANU UAEHTUMKaLMIO MyTaumii B reHe NFTy nayMeHTOB CO MHOXECTBEHHbIM /IMMOMaTO30M.
Mo3TOMy Ba)KHOe 3HauyeHMe NMeeT LWNPOKOe BHepeHMe B KNMHUYECKYIO MPaKTUKY BO3MOXHOCTU MONIEKY/IAPHO-TeHeTUYeCKON naeHTudMKaLum
60/1e3HU ANS BbIABNEHWUA C/yYaeB HelpopubpomaTosa 1-ro Tuna, He cooteTcTBytoWMX NpuHATLIM NIH (National Institute of Health) kputepusam
AnarHocTukn. Hanbonee nepcnekTMBHO CO3/aHne NaHeNu C UCCe0BaHUEM BCEX MeHOB, MyTaLMK B KOTOPbIX MOTYT BbI3blBaTb CXOXMUe C Helpo-
¢$unbpomaTo3oM 1-ro TMNa NposABieHUA. PaHHAA AnarHocTuka 3aboseBaHnA Heob6xoAMMa ANA CBOEBPEMEHHOrO Hayasia JIeYeHnA 1 NpeAoTBpalle-
HUA TAXE/bIX NPOABNEHUIA, MOCKONbKY B KAVHUYECKYIO NMPaKTUKY BHeAPAOTCA 3pPeKTUBHbIE METOALI MPOTUBOOMNYXO/1IEBOI Tepanum, Takue Kak
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Abstract

Neurofibromatosis type 1 is the most common autosomal dominant tumor syndrome. The prevalence of the disease is 1 in 3000 people.
Neurofibromatosis type 1is characterized by the gradual appearance of signs of the disease and pronounced clinical polymorphism from erased and
atypical forms to severe classical manifestations. The review is devoted to the consideration of diseases, the manifestations of which are significantly
similar to neurofibromatosis type 1, and therefore, molecular diagnosis of the disease is an important method for differential diagnosis. To make a
diagnosis of neurofibromatosis type 1, it is necessary to find mutations in the NF7 gene using sequencing. In 10% of cases, neurofibromatosis type
1is caused by large deletions of the 17q11.2 locus, therefore, multiplex ligation-dependent probe amplification is also necessary. Typically, the initial
manifestations of neurofibromatosis type 1 are multiple café-au-lait spots, which may be the only external signs of the disease for many years.
Therefore, patients with neurofibromatosis type 1 may be mistakenly diagnosed with diseases for which these pigmentary changes are characteristic:
Bloom, LEOPARD, Carney, Costello, Cowden, Legius, Nijmegen, Noonan, Peitz-Jagers, Silver-Russell, cardio-facio-cutaneous syndromes. The
detection of subcutaneous tumors can become the basis for an incorrect diagnosis of the clinically similar Legius syndrome and multiple endocrine
neoplasia. In addition, multiple lipomas are specific manifestations of Madelung or Dercum lipomatosis, familial angiolipomatosis, the etiology of
which is considered unknown. Therefore, | assume that these diseases are atypical forms of neurofibromatosis type 1, since a number of authors have
described the identification of mutations in NF7 gene in patients with multiple lipomatosis. Therefore, it is important to widely introduce into clinical
practice the possibility of molecular genetic identification of the disease in order to identify cases of neurofibromatosis type 1 that do not meet
the diagnostic criteria adopted by the NIH. It is promising to create a panel for the study of all genes, mutations in which can cause manifestations
similar to neurofibromatosis. Early diagnosis of the disease is necessary for timely initiation of treatment and prevention of severe manifestations,

since effective methods of antitumor therapy of neurofibromatosis type 1, such as inhibitors of mitogen-activated kinase, are being introduced into

clinical practice.

Key words: NF1 gene, differential diagnosis, lipomatosis, mutations, neurofibromatosis type 1, sequencing
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Introduction

Neurofibromatosis type 1 (NF1) is the most common
hereditary tumor syndrome with autosomal dominant
inheritance pattern. The global average incidence of
NF1 is 1 per 3,000 people [1]. NF1 is caused by germline
heterozygous mutations in the NFI gene, which is located
at 17q11.2 and includes 280,000 bp and 57 exons. Mature
mRNA of this gene is 11,000 bp long and is translated
into the tumor suppressor protein neurofibromin [2].
The NFI gene is characterized by increased mutability,
therefore, 50% of NF1 cases are sporadic due to de novo
mutations in the germ cells of parents [3].

Neurofibromin regulates RAS-cyclic AMP (cyclic
adenosine monophosphate) pathway, MAPK/ERK kinase
cascade, adenylate cyclase and cytoskeletal assembly. The
main domain of this protein is GRD (GAP (GTP-ase
activating protein) related domain) that converts GTP-
bound RAS oncogenes into GDP-bound (inactivated)
forms [4]. The pathogenesis of NF1 is caused by the effect
of neurofibromin deficiency (due to NFI mutations) on
the hyperactivation of RAS oncogenes that increase AKT
(RAC-alpha serine/threonine-protein kinase)/mTOR
(mammalian target of rapamycin) and RAF (rapidly

accelerated fibrosarcoma)/MEK (mitogen-activated pro-
tein kinase) signaling. As a result, the risk of developing
tumors increases [2].

NF1 is characterized by complete penetrance by
the age of five [5], when specific signs of the disease
develop. These include café-au-lait macules (CALM),
freckles, Lisch nodules, neurofibromas, optic nerve gli-
omas, and specific skeletal anomalies (sphenoid wing
dysplasia, thinning of cortical bone, congenital pseud-
arthrosis). Diagnosis of NF1 is clinically confirmed
by the presence of two of these signs or one sign in the
case of first-degree blood relatives with NF1. These cri-
teria are established by the National Institutes of Health
(NIH) [1].

Specific features of NF1 include the development of
new symptoms with age, as well as a pronounced vari-
ability of clinical presentations even in patients with an
identical mutation and in members of the same family
[1, 2, 6, 7], with the exception of monozygotic twins who
have coinciding manifestations of NF1 even in the devel-
opment of malignant neoplasms [8]. CALM are detected
in 98% of NF1 patients [9], specific cutaneous or subcu-
taneous neurofibromas in 95%, plexiform neurofibromas
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in 50% [10], spinal neurofibromas in 35%, and optic
nerve gliomas in 18% [9]. NF1 patients are character-
ized by high risk of malignant neoplasms (MNs), espe-
cially of aggressive type such as MPNST (malignant
peripheral nerve sheath tumor), that develops in 13% of
patients, most often degenerating from plexiform neu-
rofibromas [11]. Moreover, on average, in 10% of cases,
somatic mutations in the NFI gene in individuals with-
out NF1 cause sporadic MNs that are resistant to stan-
dard pharmacotherapy [4].

Differential diagnosis
of pigment spots in
neurofibromatosis type 1

CALM are detected in 3% of healthy newborns [12].
Since the average incidence of NF1 is 0.033% [1], CALM
in most cases are not associated with a germline muta-
tion in the NF1 gene, which can lead to a wrong diagnosis
of NF1 in children. There are a number of diseases with
clinical signs similar to NF1, for which CALM are a typi-
cal symptoms or may develop in some patients. For the
purposes of differential diagnosis, hereditary tumor syn-
dromes with similar signs have to be considered above
all. Clinical signs of NF1 are similar to those of neu-
rofibromatosis type 2, patients with NF2 also develop
CALM, however, in smaller size and numbers (Figure 1).
This disease is caused by mutations in the NF2 gene (that
encodes schwannomin and is located at 22q12.2) [13].
The clinical presentation in Legius syndrome (NF1-like
syndrome) is also very similar to that of NF1: multiple
CALM or freckling, macrocephaly, facial dysmorphism,
cognitive and behavioral disorders. This disease develops

due to the mutations in the SPREDI gene that includes
7 exons and is localized at 15q3.2. The gene product (like
neurofibromin) works as a negative regulator of RAS-
MAPK signaling pathways [14].

In addition to NF1 and neurofibromatosis type 2,
multiple CALM were described in cases of other
RASopathies: Noonan syndrome (mutations in the
PTPNII1 tyrosine phosphatase gene, localization
12q24.3), Costello syndrome (mutations in HRAS
oncogene localized at 11pl15.5), cardiofaciocutaneous
syndrome (mutations in BRAF genes (encodes BRAF
oncogene, locus 7q34)), MAP2K1 (encodes mitogen-
activated protein kinase, locus 15q22.31), MAP2K2
(locus 19p13.3), KRAS (encodes KRAS oncogene, locus
12p12.1) [12]. RASopathies include LEOPARD syn-
drome (Lentigines, Electrocardiographic conduction
abnormalities, Ocular hypertelorism, Pulmonic steno-
sis, Abnormal genitalia, Retardation of growth, Deaf-
nes) when multiple lentigines (brown spots) on the
face (Figure 2) are caused by mutations in the PTPNI11
(protein-tyrosine phosphatase non-receptor 11) gene.
More than 65% of patients with LEOPARD syndrome
have major missense mutations in the PTPNII gene —
Tyr272Cys and Thr468Met. Like in NF1, the signs of
LEOPARD syndrome also include skeletal anomalies,
neuroblastomas, and hemoblastoses [15].

CALM and sun-sensitive butterfly-shaped facial rash
are typical for Bloom’s tumor syndrome that is caused
by mutations in the BLM gene (locus 15q26.1), whose
product has helicase activity [16]. Multiple CALM are
also found in patients with other hereditary tumor syn-
dromes: Fanconi anemia (affected FANCA gene (Fan-
coni anemia complementation group, locus 16q24.3)),

Figure 1. Comparative characteristics of café-au-lait spots in neurofibromatosis type 1 (A) and neurofibromatosis type 2 (B) [13]
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Figure 2. Typical brown pigmented spots on the face in LEOPARD syndrome [15]

Nijmegen syndrome (NBN gene (Nijmegen breakage
syndrome, 8q21.3)) [17], Lynch syndrome (MSH2 (mut$
homolog 2, 2p21); MSH6, MLH1, PMS2 genes) [18],
Cowden syndrome (PTEN gene, 10q23.31) [19], Peutz-
Jeghers syndrome (STK11 gene encodes tumor suppres-
sive serine-threonine kinase 11, locus 19p13.3) [16],
Gorlin-Goltz syndrome (PTCHI gene, 9q22.32) [20].
CALM are also detected in 84% of cases of ataxia-tel-
angiectasia (Louis-Bar syndrome), which is caused by
mutations in the ATM gene (localization 11q22.3) that
encodes serine-threonine protein kinase [21]. In cases
of tuberous sclerosis, CALM are also detected in addi-
tion to typical depigmented spots [20]. Tuberous scle-
rosis is caused by mutations in tumor suppressor genes
TSCI (localization 9q34) or TSC2 (16p13.3) and its inci-
dence is 1:6000 people [22].

Multiple CALM are typical signs of McCune-
Albright-Braytsev syndrome (caused by a mutation in
the GNAS gene (Guanine Nucleotide binding protein,
Alpha Stimulating activity polypeptide, localization
20q13.32) [12]), Silver-Russell syndrome (caused by
hypermethylation of the H19 gene (11p15.5, tumor sup-
pressor long non-coding RNA) [23], Carney syndrome
(PRKARIA gene, protein kinase cAMP-dependent type
1 regulatory subunit, 17q24.2) [20]. A familial case of
the development of multiple CALM was described;
the lesion was caused by a germline mutation in the
MAP2K2 gene that encodes mitogen-activated protein
kinase involved in neurofibromin regulatory pathways
[24]. Mutations in the MAP2K2 gene are typical for

Costello syndrome [12]. However, in the case described
by the authors, CALM was the only sign of the disease
[24]. CALM can also be found in patients with Marfan
syndrome (fibrillin-1 gene, FBNI, 15q21), Gaucher’s
disease (glucosylceramidase beta gene, GBA, 1q22) and
Hunter disease (iduronate sulfatase gene, IDS, Xq28)
[16]. Since sporadic skin or subcutaneous tumors that
can be confused with neurofibromas and lead to the
diagnosis of NF1 cannot be excluded in any individuals
with the diseases described above, a differential diag-
nosis is required, which is based on molecular genetic
identification of a germline mutation in DNA isolated
from blood WBC.

Differential diagnosis of
tumors in neurofibromatosis

type 1

Tumors that are similar to NF1 both in appearance
and in pathogenesis develop in cases of type 2 neurofi-
bromatosis. They can include NF1-like cutaneous neuro-
fibromas, nodular schwannomas from peripheral nerves,
and specific plaques (irregular, pigmented lesions cir-
cumscribed from the surrounding skin (Figure 3)).
A characteristic difference between neurofibromatosis
type 2 and NF1 is the development of schwannomas of
acoustic nerves [25]. In tuberous sclerosis, facial angio-
fibromas (many reddish papules in the area of the chin,
cheeks, nose, and nasolabial folds), gingival fibromas,
subungual fibromas, and shagreen plaques on the skin
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Figure 3. Cutaneous neurofibromas in neurofibromatosis type 1 (A) [12] and classic cutaneous plaques in neurofibromatosis
type 2 (B) [13]

can also be confused with signs of NF1 [26]. In addition
to CALM, Carney syndrome is characterized by pig-
mented tumors on the skin that may resemble pigmented
neurofibromas [20]. In cases of Legius syndrome, mul-
tiple lipomas develop that are similar to subcutaneous
neurofibromas [14].

NF1 types with subcutaneous neurofibromas
depending on the location of the lesion may resem-
ble the clinical presentation of different lipomatoses.
In patients with Madelung’s disease, lipomas are typi-
cally located on the lower body, legs and neck (proxi-
mal form), thighs, hands and knee joints (distal form),
forearms, lower body, thighs and lower legs (central
form) [27]. Like NF1, Madelung’s disease can be also
accompanied with polyneuropathy [28, 29] and cogni-
tive impairment [30]. Multiple painful subcutaneous
lipomas are also typical for Dercum’s disease, which was
described as early as 1892 and has an autosomal domi-
nant pattern of inheritance, similar to NF1. This disease
is subdivided into diffuse, generalized nodular, localized
nodular, and periarticular types [31].

In addition to Dercum’s disease, a number of authors
describe familial angiolipomatosis with an autosomal
dominant inheritance with no accurate identification
of the genetic causes of this disease. It is assumed that
they are based on NF1 [32, 33]. It can be assumed that
Madelung’s and Dercum’s diseases are also atypical forms
of NF1. This is evidenced by information on the role of
mast cells in the development of angiolipomas in Der-
cums disease [34] and familial angiolipomatosis [35],
since mast cells are also important in the development of
neurofibromas [36].

Other hereditary tumor syndromes can also cause
multiple lipomas. Familial multiple lipomatosis (FML)
with the incidence of 1:50,000 people [37] may be caused
by atypical hereditary retinoblastoma. A family was

described with a splice site mutation in the RBI gene
(encodes the tumor suppressor protein RB, locus
13q14.2) accompanied by the development of many
lipomas with incomplete penetrance in regard to reti-
noblastoma [38]. FML is also found in cases of multiple
endocrine neoplasia with loss of heterozygosity of the
MENT gene (locus 11q13.1, encodes the tumor suppres-
sor protein menin) in some tumors [39]. A recent publi-
cation describes a case of genetically confirmed Cowden
syndrome (mutation ¢.195C>A (p.Y65*) in the PTEN
gene) with multiple CALM and subcutaneous lipomas.
Immunohistochemical results revealed no loss of hetero-
zygosity for the PTEN gene in tumors [19].

Therefore, since the genetic basis of a number of lipo-
matoses has not yet been established, but an autosomal
dominant type of inheritance was determined, it can be
assumed that they are one of the types of NF1 and other
hereditary tumor syndromes. To confirm this assump-
tion, mutations in the NFI gene and other tumor sup-
pressor genes in all patients with multiple lipomas should
be searched for. At the same time, there are cases when
no mutations in the NFI gene are found with a typical
NF1 clinical presentation with CALM, freckles, neu-
rofibromas, and Lisch nodules [40], as well as cases of
familial lipomatosis with an autosomal dominant type of
inheritance and with the absence of mutations in NFI,
SPREDI, and PTEN genes [41]. This suggests the need
to develop a full panel of molecular genetic tests for dif-
ferential diagnosis of various diseases with signs simi-
lar to NF1. Table 1 includes the characteristics of all the
abovementioned diseases with a clinical presentation
characterized by the presence of CALM and/or tumor
syndrome. To develop a differential diagnostic panel
for NF1, molecular genetic testing of genes is required
that can be affected by mutations causing these diseases
(Table 1).
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Table 1. Neurofibromatosis type 1 differential diagnoses

Disease (mutated gene, localization)

Pigmented cutaneous manifestations

Tumors and tumor-like formations

(difference from NF1*) (difference from NF1)
Familial angiolipomatosis (unknown) not typical multiple lipomas (histologically angiolipomas)
Ataxia-telangiectasia CALM** leukemias, carcinomas

(ATM, 11q22.3)

Bloom’s syndrome
(BLM, 15q26.1)

Gorlin-Golts syndrome
(PTCHI, 9q22.32)

Gaucher disease (GBA, 1q22)
Dercum disease (unknown)

Cardio-facio-cutaneous syndrome
(BRAF-7q34, MAP2K1-15q22.31,
MAP2K2-19p13.3, KRAS-12p12.1)

Carney syndrome (PRKARIA, 17q24.2)

Costello syndrome (HRAS, 11p15.5)

Cowden syndrome (PTEN, 10q23.31)

Lynch Syndrome (MSH2, 2p21)
Legius syndrome (SPREDI, 15q3.2)

Madelung disease (unknown)

McCune-Albright-Braitse syndrome
(GNAS, 20q13.32)

Marfan syndrome
(FBN1, 15q21)

Multiple endocrine neoplasia
(MENI, 11q13.1)

Neurofibromatosis type 2 (NF2, 22q11.2)

Nijmegen syndrome (NBN, 8q21.3)
Noonan syndrome (PTPN11, 12q24.3)

Peutz-Jeghers syndrome (STK11,
19p13.3)

Hereditary retinoblastoma (RBI,
13q14.2)

Silver-Russell syndrome (H19, 11p15.5)

Tuberous sclerosis (TSCI-9q34, TSC2-
16p13.3)
Fanconi anemia (FANCA, 16q24.3)

Hunter syndrome (IDS, Xq28)

LEOPARD*** syndrome (PTPNI1,
12q24.3)

CALM, a rash on the face of the
“butterfly” type

CALM

CALM
not typical

multiple CALM

CALM on the face

multiple CALM

CALM

multiple CALM
multiple CALM or freckles

not typical

large CALM

CALM

not typical

CALM (fewer and smaller spots)

multiple CALM
multiple CALM

CALM, pigmented spots on the lips
and oral mucosa

not typical

multiple CALM

depigmentation spots along with
CALM

CALM
multiple CALM

CALM
CALM

multiple lentigines

leukemias

basal cell skin cancer, medulloblastoma

not typical
multiple painful lipomas (histologically angiofibrolipomas)

not typical

pigmented skin tumors, heart myxomas, pituitary
adenomas

skin papillomas

skin trichilemmomas (on the face and ears), thyroid and
breast cancer, endometrial cancer, hamartomas, intestinal
polyps, multiple lipomas

colon cancer, endometrial and ovarian cancer
multiple lipomas (histologically lipomas)

multiple subcutaneous lipomas with specific localization
(not neurofibromas histologically)

not typical

not typical

multiple lipomas (lipomas histologically)

NF1-like cutaneous neurofibromas (fewer), nodular
schwannomas (from large nerve trunks), plaques
(pigmented)

rhabdomyosarcoma, lymphoma, leukemias
neuroblastoma, leukemias

polyps and hamartomas of the gastrointestinal tract, colon
cancer, pancreas cancer, breast and ovary cancer

multiple lipomas (histologically lipomas), retinoblastoma
(retina malignant tumor)

not typical

angiofibromas (localized on the face), fibromas (located
on the gums and under the nails), internal organs
hamartomas

squamous cell carcinoma, leukemias, Wilms’ tumor and
brain tumors

not typical

neuroblastoma (malignant tumor, unlike benign
neurofibromas)

Note: NF1* — neurofibromatosis type 1; CALM — café-au-lait macules, LEOPARD**** — Lentigines, Electrocardiographic conduction abnormalities, Ocular hypertelorism, Pulmonic
stenosis, Abnormal genitalia, Retardation of growth, Deafnes)
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Identification of atypical forms

of neurofibromatosis type 1

Results of histological examinations of subcutaneous
tumors in NF1 revealed the presence of atypical signs
of the disease in the form of liponeurofibromas. For
example, analysis of 130 neoplasm samples from various
NF1 patients demonstrated that the microscopic pattern
in 24.6% of cases can be described as liponeurofibro-
mas. These changes are most often found in patients of
advanced age and in female patients. At the same time,
intratumoral fat deposits differ in morphology and size
in comparison with subcutaneous tissue during light
microscopy [42]. Histological results also demonstrated
atypical neurofibromas consisting of cells with hyper-
chromic nuclei, with alarge number of recurrent chromo-
somal aberrations including deletion of the 9p21.3 locus
that includes CDKN2A/B genes. It should be noted that
9p21.3 deletion is a specific sign of MPNST, therefore,
these atypical neurofibromas [11] are characterized by
frequent malignant transformation [43].

Due to the possibility of detection the mutations in
the NFI gene, clinical signs of NF1 that do not meet
the NTH diagnostic criteria are described. NF1 patients
with multiple lipomas are described [44, 45]. In 2021,
sequencing of the NFI gene in two patients from the
same family with lipomatosis and CALM revealed the
missense mutation ¢.3445A>G (p.Met1149Val) [46]. Ear-
lier in 2020, missense mutations leading to the replace-
ment of methionine in position 1149 of neurofibromin
(p-Met1149) were described in 62 NF1 patients with
mild clinical course of the disease, mainly with CALM
and with no visible plexiform neurofibromas and glio-
mas [47]. In 2019, 135 NF1 patients from 103 unrelated
families were described; they had identical three-nucle-
otide deletion of ¢.2970_2972del resulting in methionine
depletion in neurofibromin (p.Met992del). All patients
are characterized by atypical clinical presentation with
no cutaneous, subcutaneous, or spinal neurofibro-
mas, as well as optic nerve gliomas. However, 38.8% of
patients had cognitive impairments, and 4.8% had brain
tumors not related to optic nerves [1]. In 2019, Trevis-
son E. et al. identified the missense mutation c¢.3112A>G
(p-Argl038Gly) in 7 NF1 patients with CALM as the only
sign of the disease [48].

In 2009, Upadhyaya M. et al, while examining
NF1 patients with spinal plexiform neurofibromas,
determined the association of missense and splicing
mutations in the NFI gene in patients with scarce clini-
cal signs of the disease that did not meet the NIH diag-
nostic criteria [49]. In 2015, Pinna V. et al. examined
786 NF1 patients and found among them 6 unrelated
patients with identical missense mutation ¢.5425C>T
(p-Argl809Cys) with a mild course of the disease with
characteristic CALM and freckling, but with no skin
or plexiform neurofibromas, no Lisch nodules, skel-
etal anomalies, or gliomas of optic nerves [50]. There
were cases of NF1 with inapparent clinical signs with

no visible skin or plexiform neurofibromas, with a three
nucleotide deletion in exon 17 of the NF1 gene (c.2970-
2972 delAAT) that results in the loss of one amino acid,
methionine (p.Met991) in neurofibromin [5]. A mis-
sense mutation with an arginine amino acid substitu-
tion in an identical position (p.Arg1809) in 136 patients
with NF1 causes one typical feature of NFI such as
only multiple CALMs, with no visible skin or plexiform
neurofibromas. These patients were characterized by
Noonan-like syndrome (25%); they also had increased
risk of developing pulmonary artery stenosis and short
stature [3]. It is noteworthy that multiple pigmented
spots, short stature, and pulmonary artery stenosis are
also specific for LEOPARD syndrome [51].

Genophenotypic correlations in NF1 were also deter-
mined for microdeletions of the 17q11.2 locus together
with the NF1I gene and its flanking neighboring genes that
are detected in 10% of all NF1 patients. These patients
have more pronounced signs of the disease with cognitive
deficiency and facial dysmorphism [7], as well as early
manifestation of tumors [52]. The 3 most common types
of microdeletions are the following: type 1 as 1.4 mega-
bases in size, flanked proximally by NF1-REPa and dis-
tally by NF1-REP-c; type 2 as 1.2 megabases in size, with
deletion of NF1, SUZI12 and SUZI2P genes; type 3 as
1.0 megabases in size, with breakpoint regions in paralo-
gous areas in the middle of NF1-REP-b and distally of
NF1-REP-c [53]. Type 1 is detected in 70-80% of cases,
type 2 in 10-23%, and type 3 in 1-4%. The reason is non-
allelic homologous recombination (NAHR) between low
copy repeats during meiosis (types 1 and 3) or mitosis
(type 2) [7]. More severe manifestations of NF1 with
extended deletions of the entire NFI gene with neighbor-
ing loci [53] may indicate the impact of the loss of genes
located in the area of the microdeletion on the pathogen-
esis of NF1. In particular, in cases of type 1 microdele-
tion, the HCA66 gene is lost, which has a protein product
that interacts with the tumor suppressor Apaf-1 (apoptic
protease activating factor-1). Therefore, when HCAG66 is
inactivated, cells become less susceptible to apoptosis,
which contributes to the exacerbation of the tumor syn-
drome in NF1 [54].

Current diagnostic approaches
and management of
neurofibromatosis type 1

Since the clinical manifestations of NF1 may not meet
the criteria established by NIH, one of the most impor-
tant methods of diagnosing this disease is the molecular
genetic test for the mutation that should be performed in
all suspected cases. Since the disease is caused by germ-
line heterozygous mutations in the NFI gene, DNA iso-
lated from peripheral blood WBC is used to find said
mutations. Subsequently, the detection of intragenic
mutations is carried out using next-generation sequenc-
ing with Integrative genomics viewer software [55] and
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confirmation of results via Sanger sequencing [56].
Since 10% of NFI1 cases are caused by microdeletions
at the 17q11.2 locus [7], multiplex ligation-dependent
probe amplification (MLPA) is used to detect them with
analysis of results by means of Coffalyser MLPA analysis
software [57].

The identification of mutations in the NFI gene
is important for the development of treatment for
NF1 patients, since, in cases of nonsense mutations (up
to 20% of all types of changes in NF1 [58]), the technique
of terminating the translation of premature termination
codons in the reading frame can be used. To this end,
pseudouridylation, inhibition of nonsense-mediated
mRNA decay, and suppressor tRNAs are used [59]. Man-
agement of cystic fibrosis with aminoglycosides demon-
strated that the use of gentamicin in low doses in cases
of nonsense mutations in the CFTR gene (formation of a
stop codon at amino acid residues 542 and 553 of protein
product) contributes to the translation of a protein of
normal length in the amount of 25-35% of normal. This
effect is associated with closely related mismatch of ami-
noacyl-tRNA with a premature termination codon [60]:
deoxystreptamine ring of aminoglycosides connected to
several amino sugars connects to the decoding center of
the ribosome (acts as a proofreader for attaching only
related aminoacyl-tRNAs to the peptidyl transferase
center of ribosome). The effectiveness of gentamicin
in restoring normal protein expression in the presence
of a premature termination codon was proven in experi-
ments on mice regarding the Duchenne muscular dys-
trophy, nephrogenic diabetes insipidus, hemophilia, reti-
nal degeneration, APC-mediated colon cancer, Hurler
syndrome. Other antibiotics that cause translational
termination of premature termination codons include
negamycin (binds to the small ribosomal subunit), spi-
ramycin, josamycin, and tylosin. Suppression of trans-
lation of premature termination codons in mammalian
cells without affecting translation termination in normal
termination codons is caused by PTCI124, known as
ataluren. This agent demonstrated its effectiveness in
restoring the translation of normal proteins in models of
various monogenic diseases [59]. Antitumor activity is
also demonstrated by tetracycline group antibiotics that
inhibit protein synthesis in tumor mitochondria, thus
causing a cytotoxic effect. Further, the analysis of a cul-
ture of MPNST cells from an NF1 patient demonstrated
that doxycycline in combination with photodynamic
effect caused by 5-aminolevulinic acid had a pronounced
cytotoxic effect on tumor cells [61]. The suppression of
translation of premature termination codons has been
shown to be effective against tumor suppressor genes
in other hereditary tumor syndromes [59], however, no
such studies were conducted for NF1. However, in cases
of deep intron mutations in the NFI gene that cause
insertions of latent exons in mRNA, experimental stud-
ies on fibroblast and lymphocyte lines demonstrated the
effectiveness of antisense oligomers in the restoration

of normal splicing. These molecules specifically bind to
new 5’ splice sites required for insertion of latent exons
and suppress them, preventing the formation of mutant
mRNA [58, 62].

Currently, the only agent approved by the FDA (Food
and Drug Administration) for the targeted therapy
of NF1 is the ATP-independent inhibitor of mitogen-
activated protein kinase (MEK) selumetinib [63]. This
agent is recommended at a dose of 25 mg per 1 m? of
body surface area. Back in 2016, the results of treatment
of 24 NF1 pediatric patients with selumetinib were pub-
lished. There were rare side effects in the form of acne,
asymptomatically increased level of creatine kinase,
and lesions of the gastrointestinal tract (GIT). After a
course of treatment with 28-day cycles, 71% of children
demonstrated a decrease in the size of neurofibromas
[64]. The effectiveness of selumetinib in combination
therapy with LDN-193189 (inhibitor of BMP2 recep-
tor of type 1) was proven in vitro on MPNST (NF1-/-)
cell line, while the isolated use of LDN-193189 gave
no proper antiproliferative effect. Based on the results
obtained, it is expected that selumetinib can be used
in the complex chemotherapy of MPNST [65]. In 2020,
Baldo F. et al. examined 17 children with plexiform
neurofibromas during one year of treatment with selu-
metinib and observed a decrease in size (more than
20% of volume) of tumors in 16 out of 17 patients with
NF1 [66]. In 2020, Santo V.E. et al described the effec-
tiveness of selumetinib in the management of plexiform
neurofibromas in 18 out of 19 patients with NF1 (95%)
during the first 60-90 days of treatment [67]. In 2020,
Gross A.M. et al., in a phase 2 open-label clinical trial of
selumetinib on a continuous schedule (28-day cycles)
in children with NF1, described a persistent decrease in
the size of inoperable neurofibromas in 70% of patients
(35 of 44) [68]. Selumetinib has been shown to be effec-
tive in the management of brain tumors in cases of NF1:
in 36% (9 of 25) of patients with grade 1 pilocytic astro-
cytoma and in 40% (10 of 25) of patients with low-grade
glioma [69]. Treatment with selumetinib (12 cycles) in
24 NF1 patients with spinal neurofibromas demon-
strated 75% efficacy [70].

Gene therapy may become a promising technique for
NFlmanagement. The insertion of a full-length normal
NF1 gene using recombinant adeno-associated virus
(rAAV) containing an expression cassette to replace
mutant alleles and to restore neurofibromin function is
difficult due to the large size of cDNA (8500 bp). There-
fore, the use of truncated variants of NFI gene that retain
functional domains is more favourable [58]. A panel of
AAV vectors was used in vitro on MPNST cell lines and
human Schwann cell lines to restore the Ras-GTPase
activity of neurofibromin. As a result, significant resto-
ration of the ability to suppress RAS oncogenes using
neurofibromin domain was determined [71]. Partial
restoration of their normal tumor suppressive function
was demonstrated on cell lines of neurofibromas, upon
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transfection of isolated domains GRD, CSRD, LRD, CTD
of the NFI gene into their genomes. These recombinant
transgene sequences can be designed to encode trun-
cated functional proteins that can be easily packaged into
viral vectors [72].

Conclusion

Neurofibromatosis type 1 is the most common
hereditary tumor syndrome. A number of authors have
described atypical manifestations of NF1, including
those with multiple lipomas, as well as those that do
not meet NIH criteria. Since no genetic etiology was
established for a number of familial lipomatoses, it was
suggested that they may be atypical signs of NF1 and
other hereditary tumor syndromes. It is evidenced by
the data of the results of the papers by different authors,
presented in this review. To confirm this assumption, a
standardized panel should be developed to search for
mutations in tumor suppressor genes that are involved
in diseases characterized by the development of mul-
tiple lipomas and/or CALM. Modern medicine requires
wide implementation of methods available for patients
for molecular genetic confirmation of NF1 diagnosis
into clinical practice. It will allow early identification of
the disease and the use of effective treatment methods
with mitogen-activated protein kinase inhibitors.
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Chronic Kidney Disease
and Malignant Neoplasms:
The Current State of the Problem

Pe3oMe

XpOHI/ILIECKaFI 60/1€3Hb NoYeK ABAAeTCA ¢aKTOp0M PI/ICKa 3aboneBaHusa ﬂ.perIX OpFaHOB. Bo/ibHble € NaToN0rne NoYeK UMeT NOBbILLEHHbIN pMCK
paaamwﬂ n CMepTVI oT CEPAEHHO-CocyAI/ICTbIX 3a6oneBaHM|7|, KpOMe TOro, eCTb TaKXXe cBnjetenbCTBa TOro, 4To pVICK paKa n CMePTHOCTb oT paKa
MOFyT 6bITb yBeIWI‘-IeHbI y IHO,EI,eVI C XPOHMHeCKOVI 60/1€3HbI0 MOYeK. XpOHI/I"IECKaFI 6071€3Hb NOYEK U 3/10KaYeCTBEeHHbIe HOBOO6pa3OBaHMH B3aunMocC-
BAA3aHbl B 060MX HanpaBAEvax: paK MOXeT BblI3bIBaTb I'IpFIMOE nopa)KeHMe MnoYeYHOM TKaHU WUIN KOCBEHHOEe qepes no6o4Hble 3¢¢eKTbI nevyeHunsa
OHKOJ/IOrn4yeckoro npouecca. B cBoto oqepe,qb XpOHM‘-IECKaH 60/1€3Hb noyek, HaO60p0T, MOXeT 6bITb ¢aKTOp0M pVICKa paasmvm 3/10Ka4eCTBEeHHbIX
HOBOO6pa3OBaHVII7I. KpOMe TOro, o6a NaToNornyeckmnx npou,ecca MOFyT UMeTb 06u.|,v|e ¢aKTOpr PI/ICKa. Xp0HquCKan 60/1€3Hb MOYEK MOXEeT BO3HUK-
HyTb B pesyanaTe I'IpVIMeHeHVISI XVIMVIOTEPaI'IeBTI/I"IECKI/IX CpeACTB. MHorue ns3 CyLI.lECTBy}OIJ.WIX 1 HeJaBHO pa3pa60TaHHbIX XVIMVIOTepaI'IeBTI/I"IECKVIX
areHToB I'IPOTI/IB paKa Heq)pOTOKCVI‘-IHbI n MOFyT cnocobcTBoBaTh ,ql/lCd)yHKLWIVI nouek, KOTOpaH YyacTto I'IpOFIBnFIeTCﬂ Ha TepMVIHaﬂbeIX CTagmnax paKa.
Ha CeFOAHHLLIHMVI AeHb TepaI'IeBTI/I"IECKI/Ie BMelWlaTe/IbCTBa B 60pb6e C I'IpOFPECCVIpyIOLIJ,VIM pOCTOM OHKOJ/IOrMYecKnx 3aboneBaHnin MoXKeT yCKOpI/ITb
paaavm/le XpOHI/NecKOﬁ 60/1€3HM royeK. B ctaTbe I'IpVIBOﬂ,SITCFI AdHHble O B3aUMOBINAHUA XpOHVI"IECKOVI 60/1€3HM MoYeK n passvm/m 3/10Ka4YeCcTBeH-
HbIX HOBOOGpa3OBaHMI7I. PaCCMOTpeHbI He¢ponorwquKMe acneKTbl KAMHUYEeCKOMN KapTI/IHbI OHKO/IOrnYecKkmnx 3a6os1eBaHui. O6cy)Kp,amTcn MexaHuns-
Mbl HEFATUBHOI O BIMAHUA Ha I'IO"IELIHyIO TKaHb I'IpOTVIBOOI'IyXOIleBbIX npenapaTOB — yncnaatuHa, M¢0C¢aMMAa, MeTOTpeKcaTa n uMKn0¢OC¢aMMAa.
YynTbiBaa cA3b Me)KAy 3aboneBaHMEeM MoYeK n pa3BI/ITVIeM, a TaKXe n ne4eHnem paKa, B O63OPHOI7I CTaTbe nOAHepKMBaETCH BaXXHOCTb MeXXaucuu-
NIMHaPHOrO COTPYZAHUYeCTBa MeX/Jy OHKOMoraMn u HedposioraMmm s NPOrHO3MPOBaHUA U NpeAoTBpaLleHns HeGPOTOKCUYHBIX 3PPEKTOB Mpo-
BOAMMOVI I'IPOTI/IBOOI'IyXOﬂeBOﬁ XMMMOTepaI‘IVIVI, a no Mepe BHep,pEva HOBbIX MeTOA0B /ie4yeHNA 3/I0Ka4eCTBEHHbIX HOBOO6pa3OBaHMl7I Tpe6yeTcn
Hagnexauwana AMarHoCTuka n ne4yeHne BO3HUKarLWMX B Xoae Tepanvm HOBbIX MO4Ye4YHbIX TOKCUYECKUX 3¢¢eKTOB.
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Abstract

Chronic kidney disease is a risk factor for other organ disease. People with kidney disease have an increased risk of developing and dying from
cardiovascular disease, and there is also evidence that the risk of cancer and cancer mortality may be increased in people with chronic kidney disease.
Chronic kidney disease and malignant neoplasms are interconnected in both directions: cancer can cause damage to the kidney tissue directly or
indirectly through the side effects of cancer treatment. In turn, chronic kidney disease, on the contrary, can be a risk factor for the development
of malignant neoplasms. In addition, both pathological processes can share common risk factors. Chronic kidney disease can result from the use
of chemotherapy drugs. Many of the existing and recently developed cancer chemotherapeutic agents are nephrotoxic and can contribute to renal
dysfunction, which often manifests itself in terminal cancer. To date, therapeutic interventions to combat the progressive growth of cancer can
accelerate the progression of chronic kidney disease. The article provides data on the interaction of chronic kidney disease and the development
of malignant neoplasms. The nephrological aspects of the clinical picture of oncological diseases are considered. The mechanisms of the negative
effect on the renal tissue of anticancer drugs — cisplatin, ifosfamide, methotrexate and cyclophosphamide — are discussed. Given the link between
kidney disease and the development and treatment of cancer, the review article highlights the importance of interdisciplinary collaboration between
oncologists and nephrologists to predict and prevent nephrotoxic effects of cancer chemotherapy, and as new treatments for malignant neoplasms
are introduced, proper diagnosis and treatment of emerging malignancies is required. new renal toxic effects.

Key words: chronic kidney disease, malignant neoplasms, nephrotoxicity, carcinogenic effect of drugs, cisplatin, ifosfamide, methotrexate and
cyclophosphamide
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Introduction Center in Kyrgyzstan, malignant neoplasms rank second

Risk factors of malignancies, as well as of other
chronic non-communicable diseases, including chronic
kidney disease (CKD), are largely similar. The inci-
dence of malignant neoplasms (MNs) has undoubtedly
increased progressively everywhere in recent years. The
increasing incidence of malignant neoplasms in the
general population is due to a higher life expectancy,
urbanization, new carcinogenic factors, hereditary
burden, improved diagnosis of cancer, etc. [1]. Accord-
ing to the World Health Organization (WHO), cancer
is the second leading cause of death in the world [2].
In 2018, 9.6 million people died from neoplasms [2].
Cancer causes almost one in six deaths worldwide [2].
N.E Bakalets et al. (2016) reported that more than
10 million new cases of neoplasms are recorded annu-
ally in the world, and this number is growing every year
[3]. According to the Republican Medical Information

among the causes of death. In 2018 alone, 4.1 thousand
deaths from neoplasms were registered, which is 12.6%
of the total number of deaths. Among those who died
from oncological diseases, mortality among people of
working age amounted to 1,800, or 43.3% of the total
number of deaths from this cause, and among elderly
groups — 2,300 deaths, or 54.7%. It should also be
noted that MNs accounted for 10.1% of the causes of
primary disability.

According to the literature, MNs increase the risk of
kidney diseases, and the presence of MNs has a nega-
tive impact on the general prognosis [4]. At the same
time, patients with CKD at the stage of renal failure have
a higher risk of developing malignant neoplasms of dif-
ferent localizations [5]. Therefore, CKD is an indepen-
dent predictor of the development of MNs. In addition,
individuals with kidney tumors have a higher risk of

105



106

REVIEW ARTICLES

The Russian Archives of Internal Medicine ® Ne 2 e 2022

developing and progressing CKD associated with thera-
peutic and diagnostic measures for kidney cancer [4].

Colon and rectal cancer is the third most common
cancer and the second leading cause of cancer-related
deaths worldwide [6]. The high risk of developing
colorectal cancer in patients with CKD was shown in a
meta-analysis conducted by Komaki Y. et al. in 2018 [7].
Survival rates of patients with CKD and colon and rectal
neoplasms were significantly lower [7].

A population-based cohort study revealed that the
relative risk of developing cancer in men with glomeru-
lar filtration rate (GFR) of less than 55 mL/min is sig-
nificantly higher, while the risk of developing cancer
increases by 29% for every 10 mL of GFR decrease.
The incidence of non-Hodgkins lymphoma, Kaposi’s
sarcoma, and lip, colon, and thyroid cancer was sig-
nificantly higher in patients with CKD [8]. It should be
said that the risk of MNs is also high in individuals on
long-term hemodialysis (HD) [9]. In this regard, some
researchers recommend regular screening for MNs in
patients on long-term HD for more than 3 years, which
can increase their life expectancy [9]. Meanwhile, other
researchers believe that, despite the increased risk of
developing malignant neoplasms in patients receiving
chronic HD, routine screening for all individuals is not
recommended [9]. Regular screening should be indi-
vidualized according to the patient’s life expectancy and
the possibility of kidney transplantation in the future
[8,9,10]. It should be noted that the incidence and
nature of MNs in individuals with CKD may vary in dif-
ferent geographical areas. A meta-analysis performed
by Leeaphorn N. et al. (2014) demonstrated that the
prevalence of MNs in patients with membranous glo-
merulonephritis (GLN) in most residents reaches up to
10% [11]. It is significant that this meta-analysis pooled
the results of six studies, with a total of 785 patients;
the average age of participants with membranous GLN
and cancer was 67+7 years, and in 20+6.8% of cases, the
diagnosis of cancer preceded the diagnosis of membra-
nous GLN [11]. Lung and prostate cancer account for
the vast majority of tumors associated with membra-
nous GLN. Hematological malignancies should also be
considered one of the potential types of cancer associ-
ated with membranous GLN [11].

According to Heaf J.G. et al. (2019), hypertensive
nephropathy is associated with an increased risk of skin
and kidney cancer [12]. The risk of developing MNs in
cases of CKD is thought to be associated with protein-
uria and GFR value. Later, a population-based study
performed by Ahn S.Y. et al. (2020) demonstrated the
relationship between proteinuria and an increased risk
of developing neoplasms [13]. Various types of MNs
were associated with GLN, or were identified during
the diagnosis of GLN [14]. Ryu J. et al. (2019) analyzed
the clinical and laboratory data of 1,155 patients with
GLN after nephrobiopsy [15]. The age of participants
was 49,7+17,3 years. Individuals with IgA nephropathy

accounted for 37.9% of those examined, while patients
with membranous GLN accounted for 13.5% [15]. The
incidence of MNs was three times higher in patients aged
50+ with GLN compared with the general population
[15]. Amyloidosis was the most common type of GLN
associated with MNs (20.7%) [15]. Compared with other
types of GLN, MNs were observed in patients with amy-
loidosis almost 28 times more often than in the general
population [15].

The development of CKD in patients with malig-
nant neoplasms may be due to the risk factors and
the effect of treatment that potentiates oncogenesis.
In 2014, 1.B. Kolina and I.N. Bobkova published an
article on the problems of kidney damage in MNs [5].
The authors identify the following types of nephropa-
thies in cases of MNs depending on the mechanism of
development [5]:

o Lesions caused by the mechanical impact of the
tumor.

o Lesions caused by tumor management.

o Paraneoplastic nephropathies.

o Lesions caused by metabolic factors.

Long-term hormonal therapy is accompanied by
changes in the metabolism of lipids, carbohydrates and
purines, leading to an increased risk of development and
progression of atherosclerosis [16]. Also, several onco-
logical agents used in the management of malignant
neoplasms can induce vascular damage, even if there are
no other risk factors [16]. In particular, cisplatin, pacli-
taxel, L-asparaginase, methotrexate, 5-fluorouracil cause
endothelial dysfunction and can lead to kidney diseases
[16]. Damage to renal glomeruli in cases of MNs is rare
and morphologically heterogeneous [17, 18]. Sudden
deterioration of kidney function and tumor lysis syn-
drome were described in detail in the published work by
I.B. Kolina and I.N. Bobkova [5].

Paraneoplastic Syndromes

Paraneoplastic syndrome (PS) refers to non-specific
syndromes of malignant growth. According to present-
day information, PS includes various pathological mani-
festations due to the indirect influence of the tumor pro-
cess on metabolism, immunity, and functional activity
of different organs [18]. The term “paraneoplastic syn-
drome” has been used in the medical vocabulary since
1948. In 2010, in the 3rd issue of the “Clinical Nephrol-
ogy” journal, an editorial was published under the title
“E.M. Tareyev and the doctrine of nephritis (for the
115th anniversary)” [19]. It describes a variety of clini-
cal and morphological variants of kidney damage in
connection with paraneoplastic and paratuberculous
syndromes [19]. In the case of PS with the same malig-
nant tumor (for example, nephrocarcinoma or lympho-
granulomatosis), one patient may develop GLN (more
often membranous GLN, although other morphological
variants of GLN are possible), and another may develop
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amyloidosis [19]. It is difficult to predict the variant of
kidney damage since, in this situation, as in the case
of “cold”, drug-induced, and finally infectious factors,
nephritis is a manifestation of individual hypersensitiv-
ity [19]. The emphasis made by E.M. Tareev in this argu-
ment is very important to understand his view on the
theoretical concepts of the pathogenesis of nephritis and
especially on approaches to the classification of kidney
diseases [19].

In 1922, Galloway introduced the concept of parane-
oplastic glomerulopathy [20]. However, the first original
study that established the relationship between cancer
and nephrotic syndrome (NS) was published in 1966 by
Lee J.C. et al [21]. In the Russian-language literature,
the interest in PS was primarily aroused by the works of
E.M. Tareev and his scholarly tradition, which, for the
first time, described nonspecific reactions in patients
with malignant neoplasms of different localizations
[22-24].

The published work by L.I. Anikonova et al. (2016),
lists criteria for PS-related glomerulopathy: 1) chrono-
logical relationship between the diagnosis of glomeru-
lar syndrome and the tumor; 2) parallel evolution of
the tumor and of the syndrome of achieved specific
cytotoxic therapy; 3) existence of a pathogenetic rela-
tionship between glomerulopathy and the tumor [25].
If we consider certain types of neoplasms, then the rela-
tionship between NS and chronic lymphocytic leuke-
mia was established as early as 1957 [30]. Researchers
at I.I. Mechnikov North-West State Medical University
(St. Petersburg) described a clinical case where a patient
developed severe NS with acute kidney injury (AKI) six
years after the diagnosis of chronic lymphocytic leu-
kemia, and the results of nephrobiopsy revealed focal
segmental glomerulosclerosis and acute tubular lesions
[25]. According to the researchers, in up to 50% of cases
in clinical practice, the development of paraneoplastic
NS precedes tumor manifestations, often contributing
to its detection; parallelism between tumor relapses and
renal syndrome is not always observed [25].

Excessive production of growth factors, pro-inflam-
matory cytokines, and various antigens in cases of MNs
is accompanied by kidney damage [5]. Tumor cells can
produce cytokines and lymphokines that cause podocyte
dysfunction, which is accompanied by impaired perme-
ability of the glomerular filter. Glomerular injury can be
caused by direct exposure to cryoglobulin-producing
tumor cells followed by complement activation via an
alternative pathway. There is formation of intracapil-
lary thrombi, which consist of cryoglobulin precipitates.
There is also massive infiltration of glomeruli by mac-
rophages and monocytes, which contributes to kidney
damage in PS [26]. In addition, the independent role of
tumor tissue antigens in the development of certain mor-
phological types of glomerulopathies is currently being
actively studied [26]. Hyperproduction of antibodies
under intensive tumor growth leads to the formation of

immune complexes, which enter kidneys from the sys-
temic circulation and accumulate in subepithelial space
[26]. Renal manifestations of oncological disease prog-
ress and are clinically manifested by hematuria, protein-
uria, hypo- and dysproteinemia, hyperfibrinogenemia
[5, 22, 23]. In their work, Zafar-Mohtashami A. et al.
(2020) described the development of paraneoplastic NS
in a 65-year-old patient with carcinoma of unknown
primary site [27]. According to the researchers, NS was
completely resolved with chemotherapy. In another
observation, the development of nephrotic level protein-
uria was observed in a 55-year-old woman with ovarian
cancer. As a result of surgical removal of tumor and glu-
cocorticoid therapy, NS remission and preserved kidney
function were observed [28].

The most common type of paraneoplastic nephropa-
thy in malignant neoplasms is membranous GLN [24].
Paraneoplastic membranous GLN is often resistant to
standard immunosuppressive regimens, although some-
times an initial decrease in proteinuria and other signs of
NS can be observed [18]. Patients with MN may develop
mesangiocapillary GLN and minimal change disease,
although these types of kidney damage are more typi-
cal for lymphoproliferative diseases [23]. Mesangiocapil-
lary GLN was described in patients with Wilms’ tumor,
malignant melanoma, and also as part of PS in lung
cancer [23]. Minimal change disease has been described
in cases of different carcinomas. Combinations of mini-
mal change nephropathy with rectal cancer are known;
in this context, hyperproduction of vascular endothe-
lial growth factor was found [23]. Minimal change dis-
ease can develop in cases of pleural mesothelioma [23].
There are reports of completely resolved NS after surgical
removal of tumor [28]. However, the small number of
observations does not allow to make a conclusion about
a causal relationship between MN and this type of kidney
damage [24].

Liu X. et al. observed a 59-year-old man with lung
adenocarcinoma and membranous GLN that was mani-
fested by the swelling of lower limbs, hypoproteinemia,
and proteinuria [29]. It is noteworthy that therapy with an
epidermal growth factor receptor tyrosine kinase inhibi-
tor (erlotinib) led to the stable remission of paraneoplas-
tic membranous GLN associated with lung adenocarci-
noma [29]. The development of membranous GLN in
cases of lung cancer is associated with a mutation of the
gene that encodes EGFR (epidermal growth factor recep-
tor). It should be noted that according to world statistics,
lung cancer remains the most common type of cancer
(1.6 million new cases annually). Approximately 70-80%
of membranous GLN is due to primary kidney diseases;
secondary forms develop due to autoimmune diseases,
infections, drug exposure, or MNs [30]. The aspects of
GLN associated with MNs are being actively studied
[30]. Higashihara T. et al. (2020) report on a case of NS
in a patient with squamous cell lung cancer and the effec-
tiveness of chemoradiotherapy in relation to proteinuria
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and tumor growth [31]. The patient had a morphological
pattern of proliferative GLN with deposits of monoclonal
immunoglobulin A-chain. In the above study, the authors
note that literature describes more than 130 patients with
renal damage associated with lymphocytic leukemia who
underwent nephrobiopsy due to NS or unclear renal dys-
function [31].

Other potential causes of renal dysfunction in
patients with MNs are tumor lysis syndrome, che-
motherapy toxicity, ureteral obstruction by enlarged
lymph nodes [5]. Among chemotherapy agents, cis-
platin (10-80%), ifosfamide (1.4-30%), methotrexate
(1.8-12%) and carboplatin (0-25%) have the greatest
nephrotoxic effect [32]. Cisplatin is one of the most
widely used agents in the management of MNs (tumors
of ovaries, testicles, head, neck) and is known to be one
of the most nephrotoxic drugs. Cisplatin causes severe
tubular damage, predominantly in proximal tubules,
electrolyte imbalance, AKI, and thrombotic microan-
giopathy [33]. In connection with long-term treatment,
arterial hypotension as a result of hyponatremia and
decreased circulating blood volume are often observed.
This may create a premorbid background for the devel-
opment of AKI or the progression of CKD, especially
in elderly patients. Nephrotoxicity is more dependent
on the dose of cisplatin used. A single injection of the
medication at a dose of less than 50 mg/m? rarely causes
AKI [34]. The role of cisplatin in the development of
CKD was established in a number of experimental
studies where the molecular and cellular mechanisms
of cisplatin nephrotoxicity were summarized [35]. Cis-
platin-induced AKI is based on increased expression
of biomarkers of tubular injury, increased oxidative
stress, inflammation, apoptosis, and necrosis of tubu-
lar epithelium [35]. All patients treated with cisplatin
have magnesium deficiency [34]. There are reports
that the initial magnesium deficiency in the blood
of MN patients increases the risks of AKI associated
with cisplatin, and the correction of magnesium-defi-
cient conditions, or the administration of magnesium
to MN patients during their treatment with cisplatin
significantly reduces its nephrotoxicity [36]. In litera-
ture, the role of oxidative stress is discussed, which is
caused by mitochondrial dysfunction and intracellular
accumulation of reactive oxygen intermediates, which
is an important feature of cisplatin-induced AKI [37].
In proximal tubules, after receptor-mediated endocy-
tosis, cisplatin is hydrolyzed into a positively charged
molecule [38]. Also, Klotho protein is thought to play
a protective role in the development of AKI in patients
with cisplatin-induced malignant neoplasms [39].
According to researchers, approximately 30-60% of
children treated with cisplatin develop severe tubular
and/or glomerular damage [32]. In adults, high doses
of cisplatin can cause significant cardio-, nephro- and
cerebrotoxic effect. Neurological manifestations of
decreased magnesium level in blood serum can include

headaches, dizziness, fainting, feeling of shortness of
breath, hyperacusis, increased fatigue, poor tolerance to
bright light, seeing dark spots in one’s vision, crawling
sensation, impaired memory and concentration, hyper-
activity, fear, depression, irritability, sleep disturbances.
In some cases, cardiac manifestations of hypomagnese-
mia (severe cardiac arrhythmias, arterial hypotension)
can induce kidney dysfunction [40].

Another medication with a negative effect on proxi-
mal tubules is ifosfamide, which has structure and
action similar to cyclophosphamide (CF). Ifosfamide
induces damage to proximal tubules by metabolites and
leads to energy depletion of tubular cells. The above
study noted that ifosfamide can damage the distal
tubules, leading to nephrogenic diabetes [34]. Some
researchers highlight the delayed nephrotoxic effect of
ifosfamide in the form of decreased GFR as a result of
glomerular damage, hypophosphatemia, hypokalemia,
hypomagnesemia, hyperaminoaciduria, glucosuria,
and hyperphosphaturia due to the tubular toxicity of
this agent [40]. Young age and a cumulative dose of the
drug of 45 g/m? are the main risk factors for the devel-
opment of nephrotoxicity; the toxic cumulative dose of
this drug is 60-72 g/m? [40]. In 2004, Rogowska E. and
Wozniak W. described a case of Fanconi syndrome in a
13-year-old patient with skin cancer treated with high
doses of ifosfamide [41]. One year later, another case
was described when a 58-year-old woman with MN,
after five cycles of chemotherapy with ifosfamide, devel-
oped tubular proteinuria, glycosuria, and microhema-
turia [42]. Three months after another cycle of treat-
ment with ifosfamide (treatment cycle 6), the patient
had general weakness and nocturia, and HD sessions
were started due to azotemia [42]. Another observation
described a case of Fanconi syndrome 17 months after
the administration of ifosfamide for the management
of Burkitt lymphoma in a two-year-old child [43]. It is
worth noting that about 30% of children treated with
ifosfamide have tubular damage [32]. In 18-28% of
cases, AKI and CKD develop during the administration
of ifosfamide [34]. The risk of ifosfamide nephrotoxic-
ity increases significantly with age and in the presence
of comorbid pathologies. Considering that the course
of ifosfamide nephrotoxicity is often asymptomatic,
careful laboratory monitoring is necessary, with a focus
on renal tubular function.

In the mid-20th century, American pediatrician
Farber S. (09/30/1903-03/30/1973) founded the Pedi-
atric Cancer Research Foundation and investigated
the effectiveness of various medications [44]. Far-
ber’s most famous achievement was the agent named
“methotrexate”, which was synthesized at his request
by the brilliant chemist Yellapragada Subba Row
(01/12/1895-08/08/1948). This medication is still one
of the key anticancer chemotherapy drugs. Methotrex-
ate is a cytotoxic drug from the group of antimetabo-
lites, folic acid antagonists. Methotrexate has significant
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Table 1. Anticancer drugs associated with acute kidney injury [50]

Medication Mechanism of action Renal histopathologic features Clinical nephrotoxic effects

Cisplatin Cross-linking and interference with Acute tubular injury and acute tubular ~ Acute kidney injury, proximal

DNA replication necrosis tubulopathy, Fanconi syndrome, NDI,
sodium and magnesium wasting

Ifosfamide Nitrogen mustard alkylating agent; Acute tubular injury and acute tubular Acute kidney injury, proximal
inhibition of DNA synthesis through necrosis tubulopathy, Fanconi syndrome, NDI
DNA strand-breaking effects

Pemetrexed Antifolate agent; inhibition of Acute tubular injury and acute tubular ~ Acute kidney injury, proximal
dihydrofolate reductase, thymidylate necrosis tubulopathy, Fanconi syndrome, NDI
synthase, and glycinamide ribonucleotide
formyltransferase

Methotrexate Antifolate agent; inhibition of Crystalline nephropathy and acute Acute kidney injury
dihydrofolate reductase tubular injury

Pamidronate Pyrophosphate analogue; associated with Focal segmental glomerulosclerosis, Nephrotic syndrome, acute kidney injury

moderate FPPS inhibition
Zoledronicacid ~ Pyrophosphate analogue; associated with

potent FPPS inhibition necrosis

Acute tubular injury and acute tubular

acute tubular injury

Acute kidney injury

immunosuppressive effect, even at relatively low doses
that have no noticeable hematological toxicity. As a
result, methotrexate is widely used in comparison with
other cytostatics. Methotrexate is more active against
rapidly growing cells and is excreted by the kidneys
[34]. High doses of methotrexate under acidic urine
reaction conditions lead to the precipitation of metab-
olite crystals inside the tubules [34]. Approximately
47% of patients show signs of nephrotoxicity during
the administration of high doses of this drug; they are
accompanied by decreased GFR [45]. Adequate hydra-
tion and urine alkalinization are standard parts of the
program when using high doses of methotrexate [34].
Methotrexate often causes electrolyte disturbances,
particularly hypokalemic acidosis and hypocalciuria
[34]. Also, methotrexate tends to accumulate in tis-
sues, causing toxic liver damage and myelodepression.
Previous studies demonstrated the independent role of
high doses of methotrexate in the development of CKD
in cases of MN in the pediatric population [46]. High
doses of methotrexate lead to a persistent decrease in
GFR and may cause proteinuria several years after the
end of treatment [46]. Factors that increase the risk of
nephrotoxicity are high doses of methotrexate, reduced
GFR, elderly age, male gender, and polypharmacother-
apy (antibiotics and proton pump inhibitors) [47].
Cyclophosphamide (CF) has a wide spectrum of
antitumor activity. CF has significant immunosuppres-
sive effect with predominant inhibition of Blympho-
cytes. Antitumor activity is achieved directly in cells
of the malignant tumor, where CP is biotransformed
under the action of phosphatases, forming an active
metabolite with an alkylating effect. E.I. Dorokhina et
al. (2016) report that CF has a direct damaging effect

on the urinary system and can cause hemorrhagic cys-
titis [40]. The nephrological risk of CF is that this drug
causes hyponatremia, which manifests within one hour
after administration and disappears in two days. Hypo-
natremia is caused by impaired excretion of water by
the kidneys. Hyponatremia is probably associated with
the effect of CF on distal tubules. Hyponatremia usually
develops in acute form and resolves after discontinua-
tion of the medication. Trisenox (arsenic trioxide) is one
of the main cytotoxic agents used in the management of
cancer. Nephrotoxic effects are manifested in the form
of tubulointerstitial nephritis and rhabdomyolysis [48].
Besides anticancer agents, nephrotoxic antibiotics, anti-
viral and antifungal drugs used to manage infectious
complications can also induce changes in the kidneys
(34, 40, 48, 49].

Basic variants of nephropathies caused by anticancer
agents are presented in tables according to the KDIGO
conference (2018) on onconephrology dedicated to the
study of kidney damage in cases of malignant neoplasms
of solid organs [50].

Therefore, it can be noted that there are different
mechanisms for the realization of the nephrotoxicity of
anticancer drugs, as well as various forms of its clinical
and laboratory manifestations. Summing up, it should
be emphasized that risk factors for the development of
kidney damage in cases of MNs and during their man-
agement are the cumulative dose of the chemotherapy
agent, the total dose of the agent accumulated over all
received courses of chemotherapy, drug administration
regimens, the combination of several nephrotoxic medi-
cations, hypovolemia, anemia, presence of comorbid
pathologies, as well as concomitant diseases of the uri-
nary tract and tumor infiltration.

109



110

REVIEW ARTICLES

The Russian Archives of Internal Medicine ® Ne 2 e 2022

Bknap aBTOpOB:

Bce aBTOPbI BHEC/IM CYLLECTBEHHBIV BK/1aZ, B MOArOTOBKY paboThl, Npoy/in
1 0406punu GUHANLHYIO BEPCUIO CTaTbU Nepes nybankaumen
MypkamMunos W.T. (ORCID ID: https://orcid.org/0000-0001-8513-
9279): MHTeprnpeTaums 1 KPUTUHECKUIA aHan3 pe3y/ibTaTos, GOpMyau-
POBKa BbIBOZ0B

Ca6upoe W.C. (ORCID ID: https://orcid.org/0000-0002-8387-5800):
pesaKT1pOBaHMe TeKCTa

®omuH B.B. (ORCID ID: https://orcid.org/0000-0002-2682-4417):
pa3spaboTka KoHLenuum 1 AnsaiiHa

Mypkamunosa X.A. (ORCID ID: https://orcid.org/0000-0002-7653-
0433): c60p 1 aHa/IM3 NEPBUYHBIX KNMHUYECKUX AaHHBIX
Kypaiib6eprenosa WM.0. (ORCID ID: https://orcid.org/0000-0003-
3007-8127): paspaboTka KOHLENUMM 1 An3aiiHa

tOcynoe ®.A. (ORCID ID: https://orcid.org/0000-0003-0632-6653):

C60p 1 aHan3 NepBUYHbIX KIMHUYECKUX AAHHbIX

Contribution of Authors:

All the authors contributed significantly to the study and the article, read
and approved the final version of the article before publication
Murkamilov LT. (ORCID ID: https://orcid.org/0000-0001-8513-

9279): interpretation and critical analysis of the results, formulation of

conclusions
Sabirov 1.S. (ORCID ID: https://orcid.org/0000-0002-8387-5800):
editing

Fomin V.V. (ORCID ID: https://orcid.org/0000-0002-2682-4417):
concept and design development

Murkamilova Zh.A. (ORCID ID: https://orcid.org/0000-0002-7653-
0433): collection and analysis of primary clinical data

Kudaibergenova 1.0. (ORCID ID: https://orcid.org/0000-0003-3007-
8127): concept and design development

Yusupov F.A. (ORCID ID: https://orcid.org/0000-0003-0632-6653):

collection and analysis of primary clinical data

Cnucok nutepaTypbl/ References:

1. Jhaveri KD, Rosner MH. Cancer and Chronic Kidney Disease. Chronic
Renal Disease. Academic Press, 2020.C. 899-917. https://doi.
org/10.1016/B978-0-12-815876-0.00055-3

2. https://www.who.int/ru/news-room/fact-sheets/detail/cancer
Bakaney H.®., Hukngoposa O./1., Mounceerko O.U. MapaHeo-
nAacTUyeckue CUHAPOMBI. MananatueHas NnoMoLyb naymMeHTaMm
C OHKO/I0TMYecKol naTonorvei. YyebHo-MeTogmyeckoe nocobue
Ana ctypenTos. fomens: ToMIMY. 2016; 116 c.

Bakalets NF, Nikiforova OL, Moiseenko Ol. Paraneoplasticheskie
sindromy. Palliativnaya pomoshch’ patsientam s onkologicheskoy
patologiey. Ucheb-metod. posobie dlya studentov. (Paraneoplastic
syndromes. Palliative care for patients with oncological pathology.
Study guide for students.) Gomel: GomGMU. 2016; 116 p. (In Russ.)

4. Ecasn AM., Anb-LLykpm C., MocosH M.C. lMo4Ye4HO-KNeTOYHbIN pak
1 XpoHUYecKas 60/1e3Hb NoYeK: BHUMaHMe K OTAa/eHHbIM HEOHKO-
JIOTMYEeCKUM ncxoaaM. Hepponorus. 2012;16(4):94-99. https://doi.
org/10.24884/1561-6274-2012-16-4-94-99
Yesayan AM, Al-Shukri S, Mosoyan MS. Renal cell carcinoma
and chronic kidney disease: attention to distant non-oncologic
results.Nephrology (Saint-Petersburg). 2012;16(4):94-99.

(In Russ.).https://doi.org/10.24884/1561-6274-2012-16-4-94-99

14.

7.

Kosnuna W.B., bobkosa W.H. HepponaTuu npum 310KauecTBeHHbIX
HOBOO6pasoBaHusX (neKLun). AnbMaHax KIMHUYECKON MeAULIMHBI.
2014;(30):108-116. https://doi.org/10.18786/2072-0505-2014-30-
108-116

Kolina IB, Bobkova IN. Nephropathies in malignant tumors (lecture).
Almanac of Clinical Medicine. 2014;(30):108-116. (In Russ.).
https://doi.org/10.18786/2072-0505-2014-30-108-116
Garranzo-Asensio M, San Segundo-Acosta P, Povés C, et al.
Identification of tumor-associated antigens with diagnostic ability
of colorectal cancer by in-depth immunomic and seroproteomic
analysis. Journal of Proteomics. 2020. C. 103635. https://doi.
0rg/10.1016/j.jprot.2020.103635

Komaki Y, Komaki F, Micic D, et al. Risk of Colorectal

Cancer in Chronic Kidney Disease. Journal of clinical
gastroenterology.2018;52:9:796-804. https://doi.
org/10.1097/MCG.0000000000000880

Vajdic CM, McDonald SP, McCredie MRE et al. Cancer incidence
before and after kidney transplantation. JAMA.2006;296:2823-2831.
https://doi.org/10.1001/jama.296.23.2823

Cheung CY, Tang SCW. Oncology in nephrology comes of age: A
focus on chronic dialysis patients.Nephrology.2019;24:4:380-386.
https://doi.org/10.1111/nep.13525

. Sarasin FP, Wong JB, Levey AS, Meyer KB. Screening for acquired

cystic kidney disease: A decision analytic perspective. Kidney Int.
1995;48:207-219. https://doi.org/10.1038/ki.1995.286

. Leeaphorn N, Kue-A-Pai P, Thamcharoen N, et al. Prevalence of

cancer in membranous nephropathy: a systematic review and
meta-analysis of observational studies. American journal of
nephrology.2014;40:1:29-35.https://doi.org/10.1159/00036 4782

. Heaf JG, Hansen A, Laier GH. Hypertensive nephropathy is associated

with an increased risk of myeloma, skin, and renal cancer. The
Journal of Clinical Hypertension.2019;21:6:786-791. https://doi.
org/10.1111/jch.13565

. Ahn SY, Choi Y], Han K, et al. Dipstick proteinuria and cancer

incidence: a nationwide population-based study. Journal of
Nephrology.2020. https://doi.org/10.1007/s40620-020-00740-1
Jhaveri KD, Shah HH, Calderon K, et al. Glomerular diseases seen
with cancer and chemotherapy: a narrative review. Kidney Int. 2013;
84(1):34-44. https://doi.org/org/10.1038/ki.2012.484

. RyuJ,RyuH, Kim S, et al. Comparison of cancer prevalence between

patients with glomerulonephritis and the general population
at the time of kidney biopsy. PloS one.2019;14:10. https://doi.
org/10.1371/journal.pone.0224024

. Uenyitko B.N., Paguenko O.B. CeppaeuHo-cocyaucTble 3abone-

BaHUA y OHKOMOTMYeckunx 60bHbIX. Jliku Ykpainu. Medicine of
Ukraine.2018;3(219):7-20.

Tseluyko VY, Radchenko OV. Cardiovascular diseases in cancer
patients. Faces of Ukraine. Medicine of Ukraine. 2018;3(219):7-20.
(InRuss.).

Mypkamunos U.T., Aiit6aes K.A., Kyaaiibeprenosa U.0., n ap. MNapa-
HeoniacTuyecKkne HepponaTUU: COBPEMEHHbIN B3rA/ Ha npobaemy
1 BO3MOXHOCTYM Tepanuu. The scientific heritage.2020;57:15-27.
https://doi.org/10.24412/9215-0365-2020-57-2-15-27

Murkamilov IT, Aitbaev KA, Kudaibergenova |0, et al. Paraneoplastic
nephropathies: a modern look on the problem and opportunities

of therapy. The scientific heritage.2020;57:15-27. https://doi.
0rg/10.24412/9215-0365-2020-57-2-15-27 (In Russ.).




Apxusb BHyTpeHHE MeAMunHbL ® Ne 2 o 2022

OB3OPHBIE CTATbHU

18. Ronco PM. Paraneoplastic glomerulopathies: new insights into
an old entity. Kidney Int. 1999; 56 (1):355-377. https://doi.
org/10.1046/j.1523-1755.1999.00548.x

19. E.M.Tapees 1 y4eHue o HedppuTe (k 115-1€THI0 CO AHA POKAEHMS).
KnnHuueckas Hedpponornn.2010;3:4-6.

EM. Tareev and his nephrtitis doctrine (on 115-th anniversary birthday
anniversary of EM. Tareev) (In Russ.)

20. Galloway J. Remarks on Hodgkin's disease. Br Med J.1922;2:1201-
1208. https://doi.org/10.1136/bm;.2.3234.1201

21. LeeJC, Yamauchi H, Hopper J., Jr The association of cancer and the
nephrotic syndrome. Ann Intern Med.1966;64(1):41-51. https://doi.
org/10.7326/0003-4819-64-1-41

22. KpacHoBaT., MyxwuH H., Kosnosckas /1., u ap. MNapaHeonnactuye-
cKkan HepponaTumsa. Bpay. 2004;11:27-31.

Krasnova T, Mukhin N, Kozlovskaya L, et al. Paraneoplastic
nephropathy. Doctor. 2004; 11: 27-31. (In Russ.)

23. Myxun H.A., Ko3znosckas /1.B., LUunos E.M., MupowHuyeHko H.I.
MeMbpaHo3Han HepponaTua: Kak AnddepeHLMpoBaTh NEPBUYHBINA
1 NapaHeonnacTUYeCKnii BapuaHTbi? (Kpyr/bii cTon). KamHuyeckas
Hedposnoruna.2009;2:75-78.

Mukhin NA, Kozlovskaya LV, Shilov EM, Miroshnichenko NG.
Membranous nephropathy: how to differentiate primary and
paraneoplastic variants? (discussion). Clinical Nephrology. 2009;
2:75-78. (In Russ.).

24. Kosnosckas J1.B., Tyran6ekoBa C.K., CelicembekoB T.3., u gp.
MapaHeoniacTUYeCKoe NOpaXeHKe NoYeK Npu CONUAHBIX
onyxonax. Hepponorua n gnanns.2002;2:4:76-82.

Kozlovskaya LV, Tuganbekova SK, Seysembekov TZ, et al.
Paraneoplastic kidney descase associated with solid tumors.
Nephrology and Dialysis.2002;2:4:76-82. (In Russ.)

25. AnukoHoBa J1.W., PacHanckuit B.HO., Makapbesa E.1O.,

Bopobbesa O.A. PoKasbHO-CerMeHTapHbI [IOMepy/10CKepo3,
aCccoLMMPOBaHHbINA C XPOHUYECKUM NMMPOIENKO30M: KNMHUYECKUIA
CcNyyaii v inTepaTypHbIi 0630p. Hedponorus. 2016;20(6):101-110.
Anikonova LI, Ryasnyanskiy VU, Makarjyeva EU, Vorobjyeva

OA. Focal segmental glomerulosclerosis associated with chronic
lymphocytic leukaemia: case report and literature review.Nephrology
(Saint-Petersburg). 2016;20(6):101-110. (In Russ.)

26. CmupHoB A.B., Aparacbes b.B., Mogay6Has U.B., n gp. MoHokn0-
Ha/lbHaA raMManaTuA peHasibHOrO 3Ha4eHNA: KOHCEHCYC remMaTo-
NoroB 1 He$po1oroB Poccuu no BBeAEHMIO HO3010M M, ANa-
FHOCTUKE 1 060CHOBAHHOCTU K/IOH-OPUEHTUPOBAHHOM Tepanuu.
ApXunBB BHYTpeHHel MeanumHbl. 2020;10(2):102-118. https://doi.
org/10.20514/2226-6704-2020-10-2-102-118
Smirnov AV, Afanasyev BV, Poddubnaya IV, et al. Monoclonal
Gammopathy of Renal Significance: Consensus of Hematologists
and Nephrologists of Russia on the Establishment of Nosology,
Diagnostic Approach and Rationale for Clone Specific Treatment.
The Russian Archives of Internal Medicine. 2020;10(2):102-118
(In Russ.). https://doi.org/10.20514/2226-6704-2020-10-2-102-118

27. Zafar-Mohtashami A, Bakhtiari A, Hadian B, Obeidavi Z.

Nephrotic syndrome associated with carcinoma of unknown
primary treated with chemotherapy: A rare case report.
Iranian Chemical Communication.2020;8:1:35-40. https://doi.
org/10.33945/SAMI/ECC.2020.2.5

28. PomaHoB B.T1., Knonoukwuit C.A. NapaHeonnacTuyeckas MeMbpaHo3-

Has HepponaTua. KnnHnyeckas MmegmunHa.2006;6:84:59-61.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Romanov VP, Klopotsky SA. Paraneoplastic membranous
nephropathy. Clinical Medicine. 2006;6:84:59-61. (In Russ.)

Liu X, Bai Y, Zhou X, et al. Complete remission of membranous
nephropathy in a patient with lung adenocarcinoma treated with
erlotinib.Journal of clinical pharmacy and therapeutics.2019.
https://doi.org/10.1111/jcpt.13078

Plaisier E, Ronco P. Screening for Cancer in Patients with
Glomerular Diseases.Clinical Journal of the American Society of
Nephrology.2020. https://doi.org/10.2215/CJN.09000819
Higashihara T, Okada A, Nakamura Y, et al. Proliferative
Glomerulonephritis with Monoclonal Immunoglobulin Deposits
without Conspicuous Mesangial Proliferation, Complicated with
Squamous Cell Lung Carcinoma. Internal Medicine. 2020; 2993-
2919. https://doi.org/10.2169/internalmedicine.2993-19
Ruggiero A, Ferrara P, Attina G, et al. Renal toxicity and
chemotherapy in children with cancer. British journal of clinical phar
macology.2017;83:12:2605-2614. https://doi.org/10.1111/bcp.13388
Bitran D, Desser RK, Billings AA, et al. Acute nephrotoxicity
following cis-dichlorodiammine-platinum. Cancer.
1982;49:9:1784-1788 https://doi.org/10.1002/1097-
0142(19820501)49:9<1784:AID-CNCR2820490909>3.0.CO;2-6
[lxxymabaesa b.T., buptokoa /1.C. HeppoTokcmuHOCTb
NpOTUBOOMYXO/IEBbIX NPENapaToB, KOPPEKLMA NX A03bl

NPy NeYeHnmn 601bHbIX IMMPONpPoandepaTUBHBIMM

1 OHKOJIOFN4eCKUMY 3a60/1eBaHNAMM, aCCOLMMPOBAHHbIMY

C NoYeYHOM HeJ0CTaTOYHOCTLIO. [eMaToI0rMA

u TpaHcdysunonorus. 2015; 60(4): 30-35.

Dzhumabaeva BT, Biryukova LS. Nephrotoxicity of antitumor
drugs and correction of their doses in therapy of patients with
lymphomas and cancer associated with renal failure. Hematology
and transfusiology (Gematologiya i transfuziologiya). 2015;
60(4): 30-35. (In Russ.)

Holditch SJ, Brown CN, Lombardi AM, et al. Recent advances in
models, mechanisms, biomarkers, and interventions in cisplatin-
induced acute kidney injury. International journal of molecular
sciences. 2019;20:12:3011. https://doi.org/10.3390/ijms20123011
Solanki MH, Chatterjee PK, Gupta M, et al. Magnesium

protects against cisplatin-induced acute kidney injury by
regulating platinum accumulation. Am. J. Physiol. Ren. Physiol.
2014;307:F369-F384.

Mapuskar KA, Wen H, Holanda DG, et al. Persistent increase in
mitochondrial superoxide mediates cisplatin-induced chronic
kidney disease. Redox Biol. 2019;20:98-106.

Miller RP, Tadagavadi RK, Ramesh G, Reeves WB. Mechanisms of
Cisplatin nephrotoxicity. Toxins.2010;2:2490-2518.

Overath JM, Gauer S, Obermuller N, et al. Short-term
preconditioning enhances the therapeutic potential of adipose-
derived stromal/stem cell-conditioned medium in cisplatin-
induced acute kidney injury. Exp. Cell Res. 2016;342:175-183.
[JlopoxuHa E.N., Maromegosa A.Y., Kynukos C.M., n gp. OT-
AaneHHas HepPOTOKCUYHOCTb BbICOKO/J03HOW XMMUOTEpanum
no MmogunduumnpoaHHoi nporpamme NHLBFM-90 y B3pocabix
60/1bHbIX ANPPY3HOI B-KpynHOKAeTouHOM MMMbOMOIA. femaTo-
norus v TpaHcdysunonorus. 2016; 61(4): 177-183. http://dx.doi.
org/10.18821/0234-5730-2016-61-4-177-183

Dorokhina El, Magomedova AU, Kulikov SM, et al.

Late nephrotoxicity of modified program NHL-BFM-90 in adult

111



112

REVIEW ARTICLES

The Russian Archives of Internal Medicine ® Ne 2 e 2022

41.

42.

43.

44,

45.

46.

patients poor prognosis of diffuse large B-cell lymphoma.
Gematologiya i transfusiologiya (Hematology and Transfusiology,
Russian journal). 2016; 61(4): 177-183 (In Russ.). http://dx.doi.
org/10.18821/0234-5730-2016-61-4-177-183

Rogowska E, Wozniak W. Nephrotoxicity of ifosfamide with

special reference to Fanconi Syndrome.Medycyna wieku
rozwojowego.2004;8:2:1:289-295.

Lee JW, Chung HC, Lee HS, et al. A case of ifosfamide-induced renal
tubular acidosis and renal failure. The Korean Journal of Medicine.
2005;69:3:890-895.

Gomes SM, Garcia AM, Francisco T, et al. Fanconi syndrome after
Ifosfamide exposure — case report. Port ] Nephrol Hypert. 2019;
33(1): 61-67. http://doi.org/10.32932/pjnh.2019.04.012

Foley GE. Obituary. Sidney Farber, M.D. Cancer Res.

1974 Mar;34(3):659-61. PMID: 4590923.

Jaffe N, Gorlick R. High-dose methotrexate in osteosarcoma: let the
questions surcease — time for final acceptance. J. Clin. Oncol. 2008;
26(27): 4365-436. https://doi.org/10.1200/)C0O.2007.14.7793
Gronroos MH, Jahnukainen T, Méttonen M, et al. Long-term follow-
up of renal function after high-dose methotrexate treatment in
children. Pediatr. Blood Cancer. 2008;51(4): 535-539. https://doi.
0rg/10.1002/pbc.21650.

47.

48.

49.

50.

Green MR, Chamberlain MC. Renal dysfunction during and after
highdose methotrexate. Cancer Chemother. Pharmacol. 2009;
63(4):599-604. https://doi.org/10.1007/s00280-008-0772-0
Takimoto CH, Remick SC, Sharma S, et al. National Cancer Institute
Organ Dysfunction Working Group Study. Dose-escalating and
pharmacological study of oxaliplatin in adult cancer patients

with impaired renal function: a National Cancer Institute Organ
Dysfunction Working Group Study. ] Clin Oncol. 2003;21:2664-2672.
https://doi.org/10.1200/)C0.2003.11.015

Mypkamunos W.T., Cabupos U.C., Kyaaiibeprerosa U.0., n ap.
HedponaTuu, HAYLMPOBaHHbIE SIe4EHUEM OMYXO/IEMN: KANHUKO —
naTtoreHeTuyeckue acnekTol. The Scientific Heritage. 2020; 56:2:
45-52. https://doi.org/10.24412/9215-0365-2020-56-2-45-52
Murkamilov |, Sabirov I., Kudaibergenova |, et al. Nephropathies
induced by treatment of tumors: clinic — pathogenetic

aspects. The Scientific Heritage. 2020; 56:2: 45-52. https://doi.
org/10.24412/9215-0365-2020-56-2-45-52 (In Russ.).

Porta C., Bamias A., Danesh F, et al. KDIGO Controversies
Conference on onco-nephrology: understanding kidney impairment
and solid-organ malignancies, and managing kidney cancer.

Kidney Int. 2020 Nov;98(5):1108-1119. https://doi.org/10.1016/].
kint.2020.06.046




Apxusb BHyTpeHHE MeAMunHbL ® Ne 2 o 2022 OB3OPHBIE CTATbMU

DOI: 10.20514/2226-6704-2021-12-2-113-122 YIK 615-015.1

A.1O. KpanowwuHa'?*, E.A. Co6ko"?, U.B. leMKo'?,
A.B. Kauep', O.B. Kasmepuyk', F0.N. A6pamos’

" pesepanbHoe rocysapcTBeHHoe blog)KeTHoe 06pasoBaTelbHOE yUYpexeHune
BbiCllero o6paszoBaHuna «KpacHOAPCKMIA roCyapCTBEHHbIN MeANLNHCKUIA YHUBEPCUTET
nmeHu npodeccopa B.®. BoiHo-fAceHelkoro» MunucrepcTea 3apaBooxpaHeHus
Poccuitckoit Pepepauun, KpacHoapck, Poccusa

2 KpaeBoe rocys,apCTBeHHOE 6I0KETHOE YUpeXAeHne 3/,paBoOXpaHeHus

«KpaeBas knnmHnyeckas 60abHULa»

COBPEMEHHOE ITPEACTABAEHUE
O TSIDKEAOV BPOHXVMAABHOU ACTME

A.Yu. Kraposhina'?*, E.A. Sobko'?, I.V. Demko'?,
A.B. Katser’, O.V. Kazmerchuk’, Yu.l. AbramoV’

' Prof. V.F. Voino-Yasenetsky Krasnoyarsk State Medical University,
Krasnoyarsk, Russian Federation

2 Regional Government-Owned Publicly Funded Healthcare Institution
“Regional Clinical Hospital"

Modern Understanding
of Severe Bronchial Asthma

PesoMe

B o63ope I'IpVIBEAeHbI COBpeMeHHbIe AaHHble O TAXe0N 6p0waaan017| acTtMe. YacTble 060CTpeHVIﬂ ACTMbl 3HAYUMO CHMXKAKOT Ka4eCTBO XU3HU nauun-
€HTOB, CTAHOBATCA HPMHMHOﬁ I'IOTepVI prﬂ,OCI‘IOCOGHOCTM, WUHBaIngnN3auun U netaabHOro ncxoga. reTepOreHHOCTb TAXKe/0N 6p0HXI/IaI1bHOI7I adCTMbl
yKnaAbIBaeTCﬂ B NOHATUA q)eHOTMI'Ia nsHpoTUna, I/Ip,eHTI/Iq)VIKaLI,VIﬂ KOTOprX B K/IMHMUYECKOM I'IpaKTVIKE nMmeet orpaHquHwﬂ, HO ABAAeTCA HEO6XOAM-
MoW Ana I'IEPCOHanI/I3VIpOBaHHOl7I Tepanvwl. AHanuns ﬂMTepaTypbl, 0Tpa>+(alou4e|7| OnbIT B Be4eHUN AaHHbIX NauneHTOoB, HEO6XOAMM AnAa ¢0PMMPOBaHMﬂ

LeNOCTHbIX npep,UaBneHMVl O TAXenon GPOHXMaﬂbHOI‘/II acTMe n Pa3P360TKVI I'IyTeI‘/II onTuMmUsauuu Tepanuun.

Knrouessbie cnosa: ¢eHomun, sHOomun, msenas 6poHxuanbHas acmma

KoH$pAMKT nHtepecos
ABTOPpbI 3asIBAIAIIOT, YTO AaHHas paboTa, eé TeMa, NpesMeT 1 COAepIKaHWe He 3aTparnBaloT KOHKYPUPYIOLWMX UHTEpPecoB

McTo4HMKM prUHaHCUMpoBaHUA
ABTOpr 3aABAAIOT 06 OTCYyTCTBUU q)I/IHaHCMpOBaHMFI npu nposejaeHUn nccnefoBsaHuA

CraTba nonyyexa 23.08.2021r.
MpuHaTa k nybamkauymm 01.12.2021r.

Ana LUTUPOBaAHUA: Kpanownna A.1O., Cobko E.A., lemko W.B. n ap. COBPEMEHHOE NPEACTABJIEHVE O TAXE/ION BPOHXMA/ILHOM ACTME.
ApxuBb BHYTpPeHHel MeanumHbl. 2022; 12(2): 113-122. DOI: 10.20514/2226-6704-2021-12-2-113-122

Abstract

The review provides data on severe bronchial asthma. Frequent exacerbations of asthma significantly reduce the quality of life of patients, cause
disability, disability and death. The heterogeneity of severe bronchial asthma fits into the concepts of phenotype and endotype, the identification
of which in clinical practice has limitations, but is necessary for personalized therapy. Analysis of the literature reflecting experience in patient data

management is needed to form holistic perceptions of severe bronchial asthma and develop ways to optimize therapy.
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Introduction

Despite considerable progress in medication treat-
ment, uncontrolled bronchial asthma (BA) remains
the main challenge in managing patients with this
disease. Patients with severe bronchial asthma (SBA)
make up a special group among patients with no dis-
ease control. GINA Steps 4 and 5 therapy is ineffective
despite high compliance with treatment, correct inha-
lation technique and management of comorbidities.
Therefore, a thorough analysis of the pathogenesis and
clinical features of BA course is required. The analy-
sis of literature sources reflecting the experience in
managing these patients is essential to form a compre-
hensive idea of SBA and develop methods to improve
treatment.

Epidemiology and socio-
economic burden of SBA

Frequent BA exacerbations significantly reduce the
quality of life of patients, resulting in labor capacity
loss, disability and death [1-3]. Management of patients
with BA in developed countries accounts for about 2%
of public health costs [4]. In particular, 12% of patients
admitted to the emergency room of large hospitals are
the patients with BA exacerbation. The socio-economic
burden of BA increases in proportion to the severity
of this disease. It is known that more than half of the
funds (according to some data, over 80%) allocated for
BA management overall are spent on treating patients
with severe BA [2]. The numerous studies devoted to the
pharmacoeconomic search for SBA control methods also
highlight the existing problem. However, the amount of
financial contributions is not a guarantee of their effec-
tiveness [4].

There is evidence that socio-economic conse-
quences of SBA in Japan are lower than in European
countries [5]. This is due to healthcare organization
and the geographical features of the country that allow
providing access to specialized medical care equally
for the entire population of the country. In the United
States, epidemiological studies are being conducted to

analyze environmental and social factors that affect the
prevalence of asthma, as well as its racial features [6].
The number of attacks in adults was found to depend
on income: the patients with an income of 250% of the
poverty datum line were more likely to report the onset
of symptoms than the patients with an income of 450%
of the poverty datum line.

According to the Federal State Statistics Service (Ros-
stat), more than 1 million people were diagnosed with
bronchial asthma in the Russian Federation in 2014; the
mortality rate was 1.3% [7]. About 6.9% of adults and
10.9% of children in our country suffer from this dis-
ease [2]. In 2014, a national register of patients with SBA
was created. The analysis of information in this register
allows optimizing the management of such patients.
According to a clinical trial conducted in Russia, patients
with SBA constituted 14-20% of all patients who initially
sought medical attention [2].

Elderly patients are undoubtedly a special group
among patients with SBA. The severity of disease in
this group of patients is associated with a large number
of comorbidities and a long history of asthma. In one
study, Joe G. Zein et al. (2015) suggested that the sever-
ity of asthma in elderly patients is associated primarily
with age-related changes in the lungs [8]. The following
was discovered: the dependence between the duration
and severity of asthma was found in young patients,
however, it was not identified in elderly patients; the
risk of SBA increases by 7% every year between the age
of 18 and 45; however, after the age of 45, no such cor-
relation was observed. Gender-related differences were
described: after the age of 45, the disease severity in
men depends on BA duration, whereas such correla-
tion is not characteristic for women of this age group.
The authors attributed the differences to the fact that
oxidative stress reactions in young individuals are more
intense, accelerating age-related changes in the lungs,
and the functional activity of inflammatory cells in
elderly patients is significantly reduced. The authors
emphasize that age-related characteristics of this dis-
ease should be analyzed due to the growing elderly
population.
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Uncontrolled and true severe

bronchial asthma

The uncontrolled course of this disease has remained
remains the main challenge in the management of
patients with bronchial asthma (BA) for a long time.
According to GINA-2020, uncontrolled asthma has one
or both of the following signs [1]:

1) Poor control of symptoms.

2) Frequent exacerbations (> 2 per year) that require
systemic glucocorticosteroids (SGCs), or one
exacerbation that requires hospitalization.

Patients with uncontrolled asthma include both
patients with difficult-to-treat asthma and patients with
true severe asthma. It is critical to distinguish between
these terms since the management of patients will be
different depending on the particular group to which
they belong. In the case of patients with difficult-to-treat
BA, the disease course remains uncontrolled despite
the treatment according to GINA Steps 4 and 5. The
diagnosis of severe bronchial asthma (SBA) is a sub-
group of difficult-to-treat BA and can be made in case of
uncontrolled disease course despite appropriate therapy,
high degree of compliance, correct inhalation technique,
and the management of comorbidities.

The prevalence of SBA is 3-10% [1], while disease
control is generally not achieved in about 50% of BA
patients [2, 9]. In one study conducted in the Nether-
lands, the prevalence of difficult-to-control asthma that
required treatment according to Steps 4 and 5 was 17.4%.
However, only 20.5% of patients in this group complied
with the correct inhalation rules and demonstrated good
compliance. Therefore, they were classified as an SBA
group that included only 3.6% of the entire patient popu-
lation [10]. In other words, in most cases of uncontrolled
asthma, modifiable factors can be found that can help
improve the course of the disease.

It is confirmed by a trial conducted in Denmark,
where only 12% of patients with difficult-to-control
disease met SBA criteria [11]. The authors of this trial
also emphasized that a clear distinction between SBA
and difficult-to-control BA can be a major challenge in
real clinical practice. The group of patients who could
not be certainly referred to a particular category con-
stituted 32% of patients with uncontrolled BA. This
group included patients who performed inhalation pro-
cedures correctly and had good compliance with treat-
ment. At the same time, the impact of trigger factors
persisted, and no control of comorbidities was achieved.
In addition, this “uncertain” group also included patients
diagnosed with BA only based on clinical data with no
objective evidence of airflow variability. The importance
of multidisciplinary management of patients with diffi-
cult-to-control asthma is emphasized since the lack of
control of comorbidities irreversibly worsens BA course.
The authors raise the question of the need for consen-
sus on the duration of managing comorbidities before
starting biopharmaceuticals. SBA and difficult-to-treat

BA should be distinguished primarily to justify targeted
therapy [11].

The study of A-N. Van Der Meer et al. (2016) dem-
onstrated that among the patients with severe BA admit-
ted to a specialized center for BA management, only
17% of patients needed targeted therapy [12]. For 83%
of patients, after a multidisciplinary and multivariate
assessment, an individual management plan was drawn
up and submitted to the attending pulmonologist. In one
Belgian study [13], only 24% of patients treated with
omalizumab met all SBA criteria, according to national
guidelines. Those were the patients who regularly
received basic treatment and had two severe exacerba-
tions during such treatment over the previous year. It is
noteworthy that omalizumab therapy was more effec-
tive in patients who met all SBA criteria. For example,
the number of patients who needed GCs decreased by
22% in the group of SBA patients compared with 8% in
the group of patients with difficult-to-treat BA. Similar
results were obtained for the number of hospitalizations
and admissions emergency care departments [13].

It should be noted that SBA is a retrospective diagno-
sis [1]. According to the ERS/ATS (The European Respi-
ratory Society / American Thoracic Society) joint recom-
mendations, a specialist should observe the patient for at
least three months in order to adjust modifiable factors
and verify the diagnosis definitively [14]. It is also impor-
tant to take into consideration that the severity of disease
can change; therefore, disease control in patients with
BA should be assessed [1].

SBA is advisably diagnosed sequentially by answering
the following questions [1, 15, 16]:

1. Is the diagnosis correct?

2. What is the severity of the disease?

3. Is the treatment optimal?

Then a multivariate assessment of the clinical case is
required, which includes the identification and manage-
ment of comorbidities, taking into consideration social
conditions and environmental factors, determining
asthma phenotype, and assessing the individual features
of the patient [16]. All this results in an individual plan
for the management of a BA patient.

For each patient not responding to high-intensity
therapy, other diseases should be ruled out and the diag-
nosis of BA should be confirmed. According to various
data, the frequency of an alternative diagnosis in SBA
cases ranges from 12 to 50% [17]. Diseases with symp-
toms similar to those of asthma include chronic obstruc-
tive pulmonary disease (COPD), tracheobronchoma-
lacia, central type lung cancer, obstructive sleep apnea,
bronchiectasis, allergic bronchopulmonary aspergillosis,
tuberculosis, cystic fibrosis, alpha-1 antitrypsin defi-
ciency, vocal cord dysfunction, obliterative bronchiolitis,
congestive heart failure, eosinophilic lung diseases [18].
In particular, 70% of BA patients reportedly have vocal
cord dysfunction. Allergic bronchopulmonary aspergil-
losis is found in 2-32% of patients with asthma. Even
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though most of these patients respond well to treatment
with GCs, antifungal agents should be used in some cases
of steroid resistance.

Disease history, age at BA onset, typical symptoms,
their frequency, the severity of exacerbations, and asso-
ciation with comorbidities are subject to analysis. It is
noteworthy that the risk factors for exacerbations differ
depending on disease severity. In the 2018 study, Kang
H-R. et al. demonstrated that, in contrast to moderate
asthma, age and comorbidities (except for allergic rhini-
tis) in SBA did not affect the frequency of exacerbations
[19]. Regardless of disease severity, the administration
of GCs was a risk factor for exacerbations, and the fre-
quency of hospitalizations in the previous year was more
important for patients with SBA. This study also demon-
strated the increasing role of compliance with medica-
tion treatment depending on disease severity.

Special questionnaires can help assess the patient’s
condition. However, according to an Australian study,
their use in actual clinical practice is limited: for exam-
ple, only 31% of physicians used a questionnaire to assess
BA control [20]. The subjective evaluation of control
by both the physician and the patient generally does not
match the results of the asthma control test (ACT) in
about a third of cases [21]. Notably, this value is higher
among patients receiving treatment Steps 4 and 5 ther-
apy: 41% of patients who received Step 4 therapy and
48% of patients who received Step 5 therapy considered
their asthma to be controlled, despite the fact that ACT
score was less than 20, which corresponded to uncon-
trolled asthma. The same trend is observed among health
care professionals. Physicians tend to underestimate the
severity of the condition of patients with severe and dif-
ficult-to-treat BA.

Questionnaires with sensitivity of 80-90% seem to be
the most cost-effective method to evaluate comorbidities
[15]. Therefore, it is possible to make an individual plan
of patient’s assessment, and recommend consultations
on an interdisciplinary basis, to avoid excessive health
care costs [15].

The variability of airflow obstruction is an inte-
gral part of the diagnosis, although it cannot always be
proven in cases of SBA. Maximum doses of albuterol
(4-8 inhalations) are considered justified in order to
detect a 12% increase in forced expiratory volume in
1 second (FEV)) [15].

When confirming the diagnosis of SBA, the optimal-
ity of the treatment should be evaluated. In several cases
of SBA, additional therapy (tiotropium bromide, macro-
lides, antifungal therapy) is prescribed, right up to the
use of expensive biological agents [20]. At this stage it is
critical to evaluate inhalation technique and the degree
of compliance to avoid unnecessary ramping up of treat-
ment and lower the risk of adverse events.

Patients with SBA require a multidisciplinary
approach, as well as comprehensive and systematic
assessment. The task of an interdisciplinary team is to

identify patients with a high risk of hospitalization,
adjust risk factors, and provide long-term care. In the
2016 study, Hannah Burke et al. demonstrated that
such an approach reduced the number and duration of
hospitalizations in patients with frequent BA exacerba-
tions [22]. Improved quality of life and disease control
were also reported [16]. A multidisciplinary approach
requires specific knowledge and skills. Phenotyping and
prescription of targeted therapy in BA were implemented
in practice relatively recently; therefore, special attention
should be paid to the training of medical personnel [20].

Non-drug factors in
the management of patients

with SBA

Properly selected therapy does not ensure optimal dis-
ease control. BA management is a dynamic and complex
process, where the active participation of both the physi-
cian and the patient is important [16, 23]. Medication
treatment is the key in the management of BA patients.
However, it is difficult to achieve success with no proper
attention to educating the patient, developing the right
ideas about the disease and the goals of treatment, as well
as correcting other non-drug factors such as continued
exposure to the trigger, untreated comorbidities, obesity
and smoking [1, 9].

The importance of non-drug factors was demon-
strated in the study conducted by Hedenrud T. et al.
(2019). It revealed that BA patients face challenges
throughout all stages of treatment [23]. In this study,
patients were interviewed using a special questionnaire.
Basic problems included the inaccessibility of medical
care (difficulties in making an appointment with a physi-
cian, lack of required medicines in pharmacies), as well
as the lack of proper awareness of patients about the signs
of their disease and the goals of treatment. The forgetful-
ness of patients and difficulties in inhaling drug products
also play a certain role. Future studies are expected to
include quantitative evaluation to define the prevalence
of certain factors in the population of BA patients and
identify the relationship between these problems and the
socioeconomic status of patients [23].

The most common problems hindering disease con-
trol are incorrect inhalation technique (80%) and poor
compliance (50%). About 50% of patients make mistakes
when using a dry-powder inhaler; this figure reaches
80% in metered-dose inhalers [24]. Proper inhalation
technique minimizes side effects that may be caused by
poor compliance [25]. For example, the study performed
by A.S. Melani et al. (2013), which included more than
1600 patients, showed that at least one critical error in
inhalation technique, regardless of the type of inhaler,
was associated with increased emergency department
visits, number of hospitalizations, and the prescription of
SGCs [26]. There is a direct relationship between inhala-
tion technique and treatment success and, therefore, the
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patient’s satisfaction and their sense of a positive effect of
the treatment, which improves therapy compliance [26].
In a study conducted by Lia Jahedi et al. (2017),
patients with correct inhalation technique had better
awareness of their disease and motivation for treatment,
which underlines the importance of awareness-raising
when managing BA patients [27]. Unfortunately, only
28% of physicians regularly assess inhalation technique
when seeing patients, although according to the litera-
ture, a physician should give instructions to the patient
at least three times and clearly demonstrate all stages of
inhalation [24]. It is regular assessment and adjustment
of skills that can exactly improve the control of disease
symptoms and the quality of life of patients [26].

SBA clinical profile and
phenotypes

The group of patients with SBA is heterogeneous.
While standard therapy is effective in most patients with
mild to moderate asthma, the management of a patient
with severe asthma requires a case-by-case approach
[28]. Such patients require targeted therapy, taking into
consideration the disease phenotype. Phenotype means
visible features of an organism attirbutable to the inter-
action of its genetic component and environmental fac-
tors [29]. The Clinical Guidelines “Bronchial Asthma”
of the Ministry of Health of the Russian Federation iden-
tify five SBA phenotypes [30]:

- allergic BA,

- BA with fixed airflow obstruction (FAO),

- non-allergic BA,

- late-onset BA,

- BA with obesity.

Each phenotype has its own specific clinical, func-
tional and laboratory features. However, according to the
study performed by Sergeeva G.R. et al. (2015), in 83%
of cases one patient has the signs of two or more phe-
notypes [31]. In addition, a phenotype can change over
time and transform into another one.

Allergic SBA is the most common and easily recog-
nizable SBA phenotype. The prevalence of severe aller-
gic asthma is about 40-80% [6, 31, 32]. Disease onset
occurs in early childhood, with hereditary burden and
allergic comorbidities in most cases. The most common
comorbidity is allergic rhinitis. The main differences
from non-allergic asthma are the following: positive skin
reactions and dependence of symptoms on contact with
an allergen. Such patients are often characterized by pol-
ysensitization. Monosensitization is found only in 16%
of cases. The most common allergen is house dust mite;
sensitization to it is found in 35-86% of patients [32].
This phenotype is characterized by eosinophilic inflam-
mation; patients respond well to treatment with inhaled
glucocorticosteroids (IGCs). However, the long course
of the disease, polysensitization, constant contact with
an allergen, and high IgE levels can contribute to the

development of fixed airflow obstruction, which leads
to significantly decreased results of pulmonary function
test (PFR) [32].

Non-allergic SBA is more common in adults and
is not associated with allergies. The profile of airway
inflammation in patients with this phenotype may be
eosinophilic, neutrophilic, mixed, or low granulocytic.
Patients with non-allergic asthma may not respond to
treatment with IGCs depending on the type of inflam-
mation. Non-allergic asthma is more likely to have a
severe course than allergic asthma, which deteriorates
the quality of life [33]. Pathology of the upper respiratory
tract and the skin is less common in the group of patients
with non-allergic BA. However, the prevalence of these
diseases is higher compared to the control group. There-
fore, patients with non-allergic BA also have a systemic
component of the disease that requires further analysis.
FeNO (nitric oxide fraction) level in exhaled air increases
in proportion to the prevalence of rhinitis and dermatitis
in the group of these patients [33].

Late-onset SBA. Late onset of SBA is considered to
be the onset of respiratory symptoms in patients over the
age of 40 years with no previous history of asthma. How-
ever, the age range is not exactly defined. This phenotype
is more common among women and is associated with
several comorbidities, changes in psychological status
(depression, anxiety, dementia), development of eosino-
philic-neutrophilic inflammation with a predominance
of the latter component. It should be mentioned that
late-onset BA is heterogeneous in regard to causative
factors [34]. Results of the comparative study performed
by Daniel J. Tan et al. (2016) revealed no significant
differences in the severity of asthma between patients
with early and late onset despite the different duration
of the disease. At the age of 44, no prevalence of these
phenotypes was also distinguished [35]. The differences
included etiological factors and the effect on pulmonary
function. The duration of the disease plays the key role
in the decrease of PFT results, whereas for patients with
a late onset, such factors are smoking and age-related
changes in lungs [34, 35].

SBA with fixed airflow obstruction (FAO). Fixed
bronchial obstruction is characterized by FEV /FVC
ratio of less than 0.7 after adequate bronchodilation (sal-
butamol 400 pg), with the diagnosis of COPD absent or
ruled out for this patient. SBA criteria are met by 71.7%
of patients with FAO [36]. FAO is the result of bron-
chial wall remodeling due to persistent inflammation,
long disease history, frequent exacerbations, and steroid
resistance [37]. FAO risk factors also include a history of
atopic dermatitis, artificial ventilation (AV), contact with
mold, and elderly age [37, 38]. In contrast to the patients
with no obstruction, the FAO patients are character-
ized by a significant decrease in spirometric parameters,
increased FeNO level, high eosinophil and neutrophil
count in induced sputum, and significantly higher rate of
eosinophilia (> 3%) [39].

117



118

REVIEW ARTICLES

The Russian Archives of Internal Medicine ® Ne 2 e 2022

SBA in obese patients. It is known that obesity not
only increases the risk of BA, but also worsens disease
course and may even contribute to steroid resistance
[40]. Obesity leads to the development of comorbidities
that aggravate the course of asthma (for example, GERD,
type 2 diabetes mellitus, arterial hypertension), main-
tains chronic systemic inflammation, and also negatively
affects lung volume [32]. A 15% reduction in body weight
significantly improves asthma control, lung function and
quality of life [41].

In a recent study, SBA phenotypes were divided
based on the CT of the lungs [42]. The patients were
divided into three groups according to the changes
found. Group 1 was characterized by remodeling in
large airways (lobar, segmental, subsegmental bronchi);
basic pathological patterns included the thickening of
the bronchial wall, mucus plugs, and bronchiectasis.
Group 2 was characterized by changes in small air-
ways; basic pathological patterns included emphysema,
air trapping, and changes in subsegmental bronchi.
Group 3 included patients with no apparent changes.
It is noteworthy that CT demonstrated at least one pat-
tern of pathological changes in 80% of patients with
SBA. A relationship was found between the thicken-
ing of the bronchial wall and the count of eosinophils
in peripheral blood, as well as between the presence of
mucous plugs and the eosinophil level in sputum; these
facts allow us to interpret these changes in proximal
airways as an indicator of eosinophilic inflammation in
SBA [42].

Group 1 was the largest and included 44% of all
patients. Absolute and relative levels of peripheral
eosinophils in this group were significantly higher
than in groups 2 and 3. Group 2 was dominated by
male patients, often with a history of smoking. Bron-
chial obstruction was most pronounced in this group:
patients required more treatment compared to other
groups. In general, group 2 can be described as an
asthma: COPD combination, recently classified as a
separate subtype of SBA. Patients of group 3 required
oral GCs as maintenance therapy significantly less often
than the other two groups.

Regarding clinical signs, such as the age of BA onset,
body mass index (BMI), the presence of atopy, total IgE
level, the number of exacerbations in the previous year,
there were no correlations with CT changes, and no dif-
ferences between groups were found.

Therefore, remodeling in airways may be based
on various pathogenetic processes, and one specific
SBA phenotype may be underlain by different endo-
types [32, 43].

SBA endotypes

A disease endotype characterizes the pathogenetic
features of inflammation in airways and is determined
based on genetic and molecular parameters [43, 44].

In contrast to the disease phenotype, endotypes are more
determinated subgroups of patients [44], although they
can also change over time [45]. It seems reasonable to
divide the variety of SBA immunopathological processes
into two large groups: Th2-type inflammation and non-
Th2-type inflammation.

Th2-type inflammation is found in half of patients
with BA and in 37% of patients with SBA [44]. The trig-
ger mechanism for Th2-type inflammation is the inter-
action of the respiratory tract epithelium with environ-
mental factors and the subsequent synthesis of signal
substances - alarmins - by epithelial cells. Alarmins
include interleukin-33 (IL-33), interleukin-25 (IL-25),
and TsLP (thymic stromal lymphopoietin) (Fig. 1).
It was demonstrated that most BA patients have a defi-
ciency of E-cadherin and claudin-18, which are respon-
sible for the strength of bonds between epithelial cells.
This results in easier penetration of allergens and micro-
bial antigens through epithelial barrier [44]. It should
be noted that the decreased expression of E-cadherin
is associated with epithelial-mesenchymal transition,
which underlies the remodeling of the bronchial wall
[40]. The development of Th2-type immune response
requires the synthesis of such key cytokines as interleu-
kin-4 (IL-4), interleukin-5 (IL-5), interleukin-13 (IL-
13). Their main sources in airways are Th2 lymphocytes
and type 2 innate lymphoid cells (ILC2). ILC2 are innate
immune cells, and their activation does not require
interaction with an antigen and its recognition. There-
fore, ILC2 activation underlies non-allergic eosinophilic
inflammation [43]. IL-33 and IL-25 play a leading role in
ILC2 activation, while TsLP stimulates mainly antigen-
presenting cells, specifically dendritic cells that interact
with T and B cells and trigger allergic inflammation. It is
notable that ILC2 synthesize IL-5 and IL-13 5-10 times
more than Th2 lymphocytes, as well as a small amount
of IL-4 [48]. IL-4, IL-5, and IL-13 have synergistic effects
that cause the attraction of effector cells to the inflam-
mation site, as well as structural and functional changes
in the bronchial wall [43, 44].

IL-4 is crucial for the differentiation of naive Th
lymphocytes into Th2 lymphocytes. Together with
IL-13, it mediates subepithelial fibrosis, thereby par-
ticipating in the processes of airway remodeling [43].
IL-13 is described as a key effector cytokine that plays
an important role in many aspects of BA pathogene-
sis, including B cell switch to IgE production, mucus
hypersecretion, goblet cell hyperplasia, and bronchial
hyperreactivity. IL-5 is the main cytokine responsible
for the recruitment and survival of eosinophils and, to
a lesser extent, of mast cells and basophils. Eosinophils
are the main effector cells of Th2-type inflammation;
their degranulation and release of substances such as
eosinophilic cationic protein and eosinophil-derived
neurotoxin are associated with the development of
fixed airflow obstruction that determines the severe
course of the disease [46].
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Figure 1. Mechanisms of allergic inflammation in asthma [47].
Note: B cell — B-lymphocyte, DC (dendritic cell) — dendritic cell, IgE — immunoglobulin E, ILc (innate lymphoid cell) — innate immunity lymphocyte,
LFA-1 (lymphocyte function-associated antigen 1) — integrin LFA-1, OX40L — receptor ligand OX40 (CD252), Teff — T-effector, Treg — T-regulator,

TSLP (thymic stromal lymphopoietin) — thymic stromal lymphopoietin

Non-Th2-type inflammation is characterized by the
absence of signs of Th2-type inflammation in sputum
and peripheral blood and is associated with molecules
such as interleukin-168 (IL-183), interleukin-6 (IL-6),
interleukin-8 (IL-8), interleukin-17A/F (IL-17A/F),
interferon gamma (IFN-y), and tumor necrosis factor
alpha (TNF-a) [45]. Various authors estimate the preva-
lence of non-Th2-type inflammation in all BA patients
to be 40-70% [45]. In the structure of non-T2 asthma,
neutrophilic and low granulocytic inflammation are dis-
tinguished depending on the detection of an inflamma-
tory cell pool in induced sputum samples. Activation of
Toll-like receptors leads to the differentiation of naive
Th lymphocytes into Thl and Th17 lymphocytes that
produce IL-8, IL-183, IFN-y, and TNF-q, facilitating the
recruitment of effector cells, mainly neutrophils [45].

The role of neutrophils in SBA is diverse. However,
their participation in oxidative stress reactions and abil-
ity to synthesize transforming growth factor beta (TGF-
), a powerful inducer of epithelial-mesenchymal tran-
sition [40], are of special significance. IL-17, IL-6, and
IL-8 are described as key non-Th2-type inflammatory

cytokines. It is noteworthy that cytokines of the
IL-17 family can promote both the migration of neutro-
phils into the respiratory tract and the induction of Th2-
type immune response cytokines, thereby affecting the
development of eosinophilia [47]. The role of cytokines
of the IL-17 family in the pathogenesis of BA is multi-
faceted and ambiguous. However, there is evidence in
the literature that an increased level of IL-17 is an inde-
pendent risk factor for SAD, and the presence of single
nucleotide polymorphisms in the IL-17 gene is associ-
ated with the development of allergic diseases [47].
Although low granulocytic inflammation is charac-
terized by the absence of sputum eosinophilia and neu-
trophilia, an increased amount of inflammatory cells in
patients with low granulocytic inflammation was dem-
onstrated compared to relatively healthy individuals [44].
Bronchial hyperreactivity in patients with a low granu-
locytic type of inflammation is thought to be associated
not only with exposure to inflammatory cytokines: it
was demonstrated in animal models that treatment with
nerve growth factor (NGF) induced bronchial hyperre-
activity to the same extent as allergen sensitization [44].
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Low granulocytic inflammation is thought to be
most common in cases of well-controlled asthma and is
associated with better pulmonary function parameters.
However, about 20% of patients with low granulocytic
inflammation have a severe course of the disease, which
is refractory to ongoing therapy [48]. Signs of airway
remodeling in this group of patients suggest the exis-
tence of mechanisms for the development of fixed air-
flow obstruction regardless of the severity of inflamma-
tion, which was also demonstrated in animal models.
Smooth muscle cells play a leading role in airway
remodeling in the cases of low granulocytic inflamma-
tion [48].

It should be noted that endotypes are closely related
to disease phenotypes. Approximately 25% of patients
with SBA have severe eosinophilic inflammation and
late onset of the disease [49]. Allergic and aspirin-
induced SBA are also phenotypes with Th2 endotype
[44]. A recent cluster analysis revealed Th2 endotype in
cases of late-onset eosinophilic asthma associated with
chronic rhinosinusitis with nasal polyps, which was
characterized by high expression of specific IgE to Staph-
ylococcus aureus enterotoxin and high IL-5 levels [44].
This study demonstrated the possible presence of the
association of Th2/Th17 cells in bronchoalveolar lavage,
which was characterized by a more severe course of the
disease compared to the separate presence of these lym-
phocytes [44]. Patients with non-Th2 endotype are also
characterized by late onset of the disease [45]. According
to the literature, the neutrophil level in sputum is higher
in elderly patients with BA than in young and middle-
aged patients [45]. Poor response to inhaled and sys-
temic GCs is a typical sign of patients with non-Th2-type
inflammation. It is known that IGCs induce apoptosis of
eosinophils. However, they have the opposite effect on
neutrophils [40]. The main trigger factors in the group
of patients with non-Th2-type inflammation include
intense physical activity, weather conditions (in particu-
lar, exposure to cold), exposure to smoking, pollutants,
and infectious agents. Colonization with microorgan-
isms such as Moraxella, Streptococcus, and Haemophilus
was associated with higher neutrophil and IL-8 levels in
BA patients. Association with obesity was established for
both Th2- and non-Th2 endotypes [40, 44].

Therefore, it becomes obvious that the patients with
SBA need personalized treatment with consideration
to the specific pathogenetic symptoms of the disease.
To distinguish between Th2- and non-Th2-type inflam-
mation, biomarkers that play a key role in a particular
clinical case should be identified. A perfect biomarker
is a parameter with high sensitivity and specificity that
characterizes the symptoms of the disease, allows choos-
ing targeted therapy, monitoring its effectiveness, pre-
dicting the response to treatment. At the same time, it
should be non-invasive and available in clinical practice
[50]. Established markers of Th2-type inflammation
include blood and sputum eosinophilia, increased total

IgE, and increased FeNO in exhaled air. However, all of
them have certain limitations [49].

It is difficult to discuss the predominant role of a par-
ticular type of inflammation in SBA pathogenesis [43, 44].
It is noteworthy that the relationship between the sever-
ity of inflammation and the number of exacerbations, as
well as the impact on the prognosis of BA, were dem-
onstrated for both eosinophilic and neutrophilic inflam-
mation [40, 44, 45, 49]. Both sputum eosinophilia and
neutrophilia are associated with decreased FEV | before
the bronchodilation test. However, only sputum neutro-
philia was associated with post-bronchodilation FEV,
[40]. This supports the impaired immune response as
the basis for the severe course of BA. Molecular biol-
ogy methods can help conduct a thorough analysis of
existing impairments, which is required for the develop-
ment of targeted therapy and improved management of
patients with SBA.

Conclusion

SBA is definitely a serious medical and socio-eco-
nomic issue. Non-drug factors and a multidisciplinary
approach are of particular importance in the manage-
ment of such patients. The heterogeneity of SBA includes
the concepts of phenotype and endotype. Their determi-
nation in clinical practice is limited but is necessary for
personalized treatment. A severe course of this disease
is due to impaired regulatory mechanisms of innate and
acquired immunity. Interpretation of mechanisms that
cause airway remodeling with no severe inflammation
presents a challenge. Further molecular biology studies
are required in order to explain the pathogenetic mecha-
nisms underlying the severe course of this disease, as well
as the search for new biomarkers that will allow diagnos-
ing pathological processes in clinical practice.
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Clinical Significance of Cytochrome
P4502C19 (681G/A) Gene Polymorphism
in Residents of the Trans-Baikal Territory
in Treatment of Acid-Dependent Diseases

Pesome

Lienb uccnepgosanus. Myunts nonmmopdusm CYP2C19(681A/G) cpeam HaceneHns 3abaiikaibCKOro Kpas B CPaBHEHUM C JaHHBIMU B 4PYTUX pervo-
Hax Mupa 1 Poccun. MaTtepuanst u MeToabl. MpoBegeHo reHeTuyeckoe Tunuposarue CYP2C19(G681A) y 132 yenosek (81 eHwmHa 1 53 My»KumHbI)
MPOXMBAIOLWMX Ha TeEppUTOPUM 3abaiikaNbCKOro Kpas, MejunaHa BospacTa coctasuna 47 (18; 72) net. OTKNOHEHWA pacrnpeseneHuii FeHOTUMNOB 13-
YHEHHOr0 MONMMOPPHOro I0KyCa OT pacnpeseneHns Xapau-BaiiHbepra oLleHeHO € MCNo/Ib30BaHNeM KpUTepua xu-keazpat. CpaBHUTENbHbIN aHaNn3
MO/TyYeHHBIX aHHbIX NPOBeZEeH C NOMoLbio KpuTepua ®uiepa. Pasanuma cumtanm 3HaummbiMm npu p <0,05. PesynbTaThl. PacnpocTtpaHeHHOCTb
CYP2C19(681G/G) coctasuna 105 yenosek (79,6%), CYP2C19(681G/A) — 25 iy, (18,9%) u CYP2C19(681A/A) — 2 yuacTHuKa (1,5%). Annenb A rexa
CYP2C19 B 681 nonoxeHuw BcTpedancs B 14,2%. Annesb A pexe BCTpeyaeTcs B nonyaauum 3ab6aikanbCKoro Kpas, no cpaBHeHuto ¢ asmatamu (Ku-
Tal p <0,0071; AinoHus p=0,015) 1 He OTAMYANCA B PaCPOCTPAHEHHOCTM OT KOPEHHbIX aMEPUKAHLIEB, IaTMHOAMEPUKaHLEB, adpOaMepUKaHLEB, K-
Teneit MockoBCKOM, Boporexckoi, MpkyTckoii o6nacteit n Caxa-fikytun. CYP2C19(681A/A) valye BCTpeyasncs B a3MaTCKOW MOMY/ALMY, YEM CPeam
3a6aiikanbues, p=0,003. PacnpocTpaHeHHocTb reHoTuna CYP2C19(681A/A) He oTmuanach Mexay nonynsumeit 3abaiikanbckoro kpas appoamepu-
KaHLlaMu, eBponeomnsamm, HaceneHnem MockoBCcKom 1 BopoHexckoli obnacTu. 3akitoueHne. PacnpocTpaHeHHOCTb annens A noaMMop@Horo noKyca
681G/A CYP2C19 B nonynauum 3abaiikanbckoro Kpas coctasuna 14,2% v okasanacb CONOCTaBMMON C @BPONeonaaMu, HO BCTPeYasnach pexe, 4eMm
Yy KWTaMLEB U B AMOHCKOI nonysuuu. PacnpoctpaHeHHocTb reHotuna CYP2C19(681A/A) coctasuna 1,5%, 4TO COOTBETCTBOBA/IO MUPOBBIM AaHHbIM
CpeAV eBpOneounHbIX MOMY/ALMIA U BCTPeYanach pexe, 4eM y asuaTos.
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Ana unTrnpoBaHumA: Xuarna A.A., Nlapesa H.B., Jysuna E.B. n gp. KIMHUYECKAA 3HAYMMOCTb NOJNIMMOPOU3MA TEHA LINTOXPOMA
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Abstract

Aims. To study the CYP2C19(681A/G) polymorphism among the population of the Trans-Baikal Territory in comparison with data in other regions
of Russia and the world. Materials and methods. The study involved 132 people (81 women and 53 men). The median age was 47 (18; 72) years.
Genotyping of the 681G/A polymorphic locus of the CYP2C19 gene was performed by polymerase chain reaction. Results. The prevalence of
CYP2C19(681G/G) was 105 people (79.6%), CYP2C19(681G/A) — 25 people (18.9%) and CYP2C19(681A/A) — 2 participants (1.5%). Allele A of the
CYP2C19 gene in position 681 was found in 14.2%. Allele A is less common in the population of the Trans-Baikal Territory, compared with Asians
(China, p <0.001; Japan, p = 0.015) and did not differ in prevalence from Native Americans, Hispanics, African Americans, residents of Moscow,
Voronezh, Irkutsk regions and Sakha-Yakutia. CYP2C19(681A/A) was more common in the Asian population than among the Transbaikalians, p =
0.003. The prevalence of the CYP2C19(681A/A) genotype did not differ between the population of the Trans-Baikal Territory, African Americans,
Caucasians, and the population of the Moscow and Voronezh regions. Conclusions. The prevalence of the allele A in the population of the Trans-Baikal
Territory was 14.2% and was comparable to the Caucasians, but less common than in the Asian population. The prevalence of the CYP2C19(681A/A)
was 1.5%, which was consistent with world data among Caucasoid populations and was less common than in Asians.

Key words: polymorphism, cytochrome P450, allele, CYP2C19(681A/G)
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One of the reasons for adverse drug reactions is the CYP2C19; among them, CYP2C19*2, CYP2C19*3 and
differences in the mechanisms of drug interactions medi- =~ CYP2C19*17 alleles are described in the most detail

ated by various enzymes of the cytochrome P450 (CYP)  [3]. The prevalence of mutant alleles in the population
family [2]. Cytochrome P450 is a superfamily of enzymes  of patients with acid-dependent diseases can affect the
that catalyze the metabolism of medications and other  outcome of treatment [4].

substances. Genetic polymorphism in CYP is the main Genetic polymorphism of CYP2CI19 results in indi-
reason for individual differences in drug responses rang-  vidual differences in enzyme expression and metabolic
ing from side effects to lack of efficacy. Of the 50 cyto-  activity. Allelic variation classifies the population accord-

chrome P450 isoenzymes identified, more than 20 are  ing to CYP2C19 catalytic activity into slow, extensive
functionally polymorphic (e.g., CYP2A6, CYP2C9, CYP  and ultra-rapid drug clearance phenotypes [1]. Among
2C19, CYP2D9, CYP1B1 and CYP1A2). CYP2C19 is  all nonfunctional alleles, CYP2C19*2 (681G/A) is the
the most polymorphic member of the CYP2C subfam-  most significant [3]. Patient genotyping for this gene can
ily. It catalyzes the metabolism of medications, including  optimize the management of acid-dependent diseases
proton pump inhibitors [1]. One of the most common  (ADDs). It is known that the prevalence of polymorphic
and potentially dangerous diseases today is gastroesopha-  alleles varies in different populations [1]. To date, there
geal reflux disease (GERD); the prevalence of this disease ~ are no data on the prevalence of the 681G/A polymor-
tends to increase and significantly worsens the quality of ~ phic locus of CYP2C19 gene in the population of Trans-
life of patients. GERD is based on the reflux of stomach  Baikal Territory, which does not allow us to assess the
contents into the esophagus, i.e. gastroesophageal reflux. ~ need for genotyping this gene in order to improve the
Proton pump inhibitors (PPIs) are the drugs of choice to  quality of treatment for patients with acid-dependent
relieve reflux symptoms and epithelialize erosions on the  diseases.

esophageal mucosa [2]. Despite that, these medications

are far from perfect antisecretory agents, they have the Objec tive of the Stu dy

most significant and long-term acid-suppressive capac-

ity compared to antacids and H2 blockers of histamine To analyze the prevalence of genotypes and alleles
receptors [2]. Cytochrome P450 2C19 (CYP2C19) plays  of the 681G/A polymorphic locus of the CYP2C19 gene
a key role in PPI metabolism [3]. It particularly deter-  among the population of Trans-Baikal Territory in com-

mines the rate of PPI metabolism, which varies in dif-  parison with data from other regions of Russia and the
ferent ethnic groups due to the phenomenon of genetic =~ world; to assess the need for genotyping this polymor-
polymorphism. There are currently 27 allele variants of  phic locus in clinical practice for patients with ADDs.
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Materials and Methods

The study involved 132 subjects (81 females and
53 males). The study group included 79 patients with gas-
troesophageal reflux disease (30 males and 49 females),
median age 44.5 (33; 57). The patients were examined
and treated by a gastroenterologist at the diagnostic local
clinic of the Federal State Budgetary Educational Institu-
tion of Higher Education Chita State Medical Academy
of the Russian Ministry of Health from 2018 to 2020.
GERD was diagnosed in patients based on the data of
daily pH-impedancemetry and endoscopic examination
of the upper gastrointestinal tract, according to the clini-
cal guidelines of the Russian Gastroenterological Asso-
ciation (2017) [5].

We carried out a prospective single-center study.
Patients with other chronic non-communicable diseases
were excluded from the study. It was decided to expand the
cohort of participants based on a control group (apparently
healthy individuals) who underwent a preventive medical
examination at the diagnostic local clinic — Federal State
Budgetary Educational Institution of Higher Education
Chita State Medical Academy of the Ministry of Health
of Russia =53 subjects (24 males and 29 females), age 45
(28; 62) because, as a result of statistical data processing,
no differences were found in the prevalence of polymor-
phic variants of the CYP2C19*2 gene. All respondents
who agreed to take part in the study were born and have
lived in Zabaykalsky Krai for at least three generations
and described themselves as Caucasians. Therefore, a
group of 132 individuals (54 males and 78 females) was
formed, median age was 47 (18; 62). This study followed
the ethical principles of the Declaration of Helsinki. The
study was approved by the local Ethics Committee at the
Chita State Medical Academy, Chita, protocol No. 83,
dated October 22, 2016.

Genotyping of the 681G/A polymorphic locus of the
CYP2C19 gene was carried out by polymerase chain reac-
tion. DNA samples isolated from peripheral venous blood
WBC were the material for genetic analysis. Visualization
oftheamplification products was performed by electropho-
resis in 3% agar gel with the addition of ethidium bromide
with UV detection. We used standard kits for the studied
SNPs manufactured by Litekh Research and Production
Company (Moscow). Genetic tests were performed in the
molecular genetics laboratory of the Research Institute of
Molecular Medicine of the Chita State Medical Academy
of the Ministry of Health of Russia.

Data were collected using MS Excel. Calculations
were carried out using the online Hardy-Weinberg equi-
librium calculator, Statistica 10.0. Statistical process-
ing was carried out according to the principles of the
International Committee of Medical Journal Editors
(ICMJE) and the recommendations of “Statistical Analy-
sis and Methods in the Published Literature (SAMPL)”
[4]. Nominal data were described with the indication of
absolute values and percentages in groups. Normality
of the trait distribution was assessed using the Shapiro-
Wilk test. In all cases, the hypothesis of normality was
rejected. Therefore, the results are presented as a median

and interquartile interval (Me (25%; 75%)). Assessment
of the deviation in the distributions of genotypes of the
studied polymorphic locus from the Hardy-Weinberg
distribution was carried out using a modified Pear-
son’s chi-square test. Comparative analysis of the data
obtained was carried out using the Fisher test. Statistical
significance of the relative odds was estimated based on
the 95% confidence interval (95% CI). Differences were
considered significant at p < 0.05.

Results

As a result of genotyping the 681G/A polymorphic
locus of the CYP2C19 gene, three genotypes (G/G, G/A,
A/A) were identified. The CYP2C19(681G/G) genotype
had the highest prevalence — 105 (79.5%) individuals,
the heterozygous variant of CYP2C19(681G/A) was less
common — 25 (18.9%) respondents, and only 2 (1.5%)
participants had the A/A genotype (see Table 1). It was
established that the distribution of frequencies of geno-
types and alleles of the polymorphic locus 681 G/A of the
CYP2C19 gene corresponded to the distribution accord-
ing to Hardy-Weinberg law, p = 0.8843 and p = 0.1157,
respectively, suggesting the obtained results could be
extrapolated to the population.

Table 1. Frequency of genotypes and alleles of the
CYP2C19 gene at the 681G/A position in the population
of the Trans-Baikal Territory

| Genotypes and Alleles | Frequency (%)
G/G 79,6
G/A 18,9
A/A 1,5
G 85,8
A 14,2

A comparative analysis of the prevalence of the
non-functional CYP2C19*2 allele in the population of
Trans-Baikal Territory was carried out using world data
and the results of studies performed by other Russian
authors [2, 5, 6, 7, 8]. Statistically significant differences
were obtained relative to Asian populations. In the Chi-
nese population, the A allele was more prevalent than
in the population of Trans-Baikal Territory (OR = 6.365,
95% CI 3.209; 12.625, p < 0.001). The prevalence of the
non-functional CYP2C19 allele at position 681 in the
Japanese population was also significantly higher than in
our study (OR = 2.468; 95% CI 1.215; 5.012, p = 0.015).
When comparing our data with the results obtained by
other Russian authors, there were no statistically sig-
nificant differences in the prevalence of this allele (see
Table 2).

When analyzing the prevalence of the non-func-
tional homozygous genotype of cytochrome P450, the
CYP2C19(681A/A) genotype was found to be more
common in Asians than the population of Trans-Baikal
Territory (OR =10.513, 95% CI 1.902; 58.106, p = 0.003)
and did not differ from other populations in the world
and in Russia (p > 0.05), see Table 3.
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Table 2. Comparative analysis of the prevalence of the cytochrome P450 allele-A of the 681G/A polymorphic locus
in populations around the world and in various regions of Russia

Population | Allele A (%) | P
Native Americans (n=1133) [8] 9,75 0,515
Hispanics (n=1898) [9] 10,77 0,67
Afro-Latinos (n=82) [9] 18,29 0,563
Argentine Ashken Jews (n=163) [9] 13,64 1,000
Chinese (n=267)[9] 51,3 0,001
Japanese (n=186)[4] 29 0,015

Russian Federation

Moscow region, Caucasian nationality (n=1912) [10] 14,0 1,000
Voronezh region (n=580) [10] 11,4 0,67
Concuamn 1349 1000
3le<<l:1:t1;Yakutia (n=409) [11] 14,54 1,000
Irkutsk region (n=89) [4] 11,3 0,67
Trans-Baikal Territory, own data (n=132) 14,2 -

Note: n — number of subjects; p — significance level

Table 3. Comparative analysis of the prevalence of the CYP2C19(681A/A) genotype in populations of the world and Russia

Population (n) | Allele A/A (%) | P
African American (n=966) [12] 3,7 0,683
Asians (n=573) [12] 13,8 0,003
Caucasians (n=1356) [12] 2,1 1,00

Russian Federation

Moscow region, Caucasian nationality (n=971) [10]
Voronezh region (n=290) [10]
Own data (n=132)

1,4 1,00
1,7 1,00
1,5 -

Note: x> — Pearson chi square, n — number of subjects; p — significance level

Discussion

The main tasks of pharmacogenetics are the search
for an optimal drug for a particular patient, the deter-
mination of the required and sufficient dose, the optimi-
zation of side effects by analyzing the individual set of
genes involved both in the implementation of the mecha-
nism of drug action and in its metabolism.

PPI metabolism occurs with the participation of the
CYP2C19 isoenzyme, and its genetic polymorphism
impacts the antisecretory activity of these drugs [13].
Poor metabolizers are characterized by the decline in
microsomal hydroxylation processes in the liver, lead-
ing to an increase in the area under the curve (AUC) by
5-12 times compared to extensive metabolizers. Indi-
viduals who are heterozygous for variant alleles demon-
strate AUC values 2-4 times higher than those of exten-
sive metabolizers. Enhanced pharmacokinetics leads to
improved pharmacodynamics. Average 24-hour values
of intragastric pH indicate the status of a metabolizer:
the highest pH (and PPI effect) is in “poor” metabo-
lizers, intermediate pH — in heterozygotes and lowest
pH — in “extensive” metabolizers [14]. Patients with
the CYP2C19(681G/G) genotype are defined as rapid

metabolizers of proton pump inhibitors, and patients
with the CYP2C19(681G/A) and CYP2C19(681A/A)
genotype have slow drug metabolism [15]. In our study,
about 80% of respondents had the CYP2C19(681G/G)
genotype, indicating the predominance of “extensive”
metabolizers in the population of Trans-Baikal Territory.

To improve the effectiveness of treatment of patients
with GERD, it should be determined whether the geno-
type of a rapid metabolizer of cytochrome P450 2C19 is
a risk factor for the failure of therapy with proton pump
inhibitors [3]. In particular, the clinical efficacy of PPIs
in eradication therapy for H. pylori-associated diseases
and in the management of gastroesophageal reflux dis-
ease in “slow” metabolizers is more than double than that
in “extensive” metabolizers. These differences primarily
relate to omeprazole and lansoprazole, whose metabo-
lism depends on CUPC19, and are not significant for
rabeprazole and pantoprazole, which are metabolized to
a lesser extent by this enzyme [13]. In a meta-analysis,
Hitomi Ichikawa et al. (2016) showed that the effective-
ness of PPI therapy in GERD, including reflux esopha-
gitis and non-erosive reflux disease, was 56.4% (95%
CI; 53.9-58.9%, 870/1543). Treatment response rates
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varied significantly between genotypes: rapid — 52.2%
(315/604); intermediate — 56.7% (298/526) and poor
metabolizers — 61.3% (138/225), p = 0.047 [15]. Similar
data were obtained in a study to analyze the endoscopic
treatment of esophagitis eight weeks after the use of PPIs
[16]. The effectiveness of therapy for poor metabolizers,
heterozygotes and extensive metabolizers was 85-100%,
68-95% and 46-77%, respectively. In H. pylori-infected
patients, the wild-type CYP2C19 genotype correlates
with a lower response (20% lower cure rate) to combi-
nation therapy with a PPI and two antibacterials [1].
In 2006, Ariizumi, Ken et al. conducted a study on the
efficacy of 10 mg rabeprazole per day in patients with
reflux esophagitis depending on the CYP2C19 polymor-
phism. This study involved 103 patients who received
10 mg of rabeprazole daily. Treatment control was per-
formed after 4 and 8 weeks using endoscopic examina-
tion of esophagus and stomach. Before therapy, a study
of CYP2C19 polymorphism was carried out. Four weeks
after treatment, the healing rate of esophageal mucosa in
extensive, intermediate and poor metabolizers was 83.3%
(15/18), 77.3% (17/22) and 88.9 (8/9), respectively. After
eight weeks, mucosal healing rates were 86.1% (31/36),
92.0% (46.50) and 82.4 (14/17), respectively. There were
no differences in mucosal healing in patients with reflux
esophagitis among all three genotypes, either after four
or eight weeks. The authors concluded that the effec-
tiveness of rabeprazole to a lesser extent depends on the
polymorphism of cytochrome P450 [17]. Considering
the predominance of “extensive” metabolizers among the
residents of Trans-Baikal Territory, rabeprazole is prob-
ably preferable in order to increase the effectiveness of
managing acid-dependent diseases.

GERD is a chronic relapsing disease, so it is impor-
tant to predict the exacerbation of the pathological pro-
cess after stopping therapy. In the Japanese population, it
was established that the recurrence of gastroesophageal
reflux disease symptoms in extensive metabolizers of
CYP2C19 is higher (38.5%) than in heterozygous exten-
sive (10.9%) or poor (5.6%) metabolizers [1, 18]. Given
the low prevalence of heterozygous (18.9%) and poor
homozygous genotypes (1.5%) among people living in
Trans-Baikal Territory, frequent relapses in patients with
GERD can be assumed.

The clinical application of pharmacogenetics should
be considered in cases when a genotype predicts side
effects and/or non-response in patients; genotyping
offers definite advantages over phenotyping; a drug has
a narrow “therapeutic window”; an equivalent alterna-
tive drug is available; possible development of serious
side effects or the consequences of a lack of response;
there is a possibility of a negative effect/no response
with a “marked” frequency; data from prospective stud-
ies demonstrating the benefits of genotyping have been
accumulated [1]. The practical implication of geno-
typing for one in five Chinese or patients with variant
CYP2C19 alleles is that standard doses of PPIs may be
excessive. In European populations, there is a low preva-
lence of CYP2C19 polymorphisms, which makes geno-
typing clinically less significant for reflux esophagitis and

peptic ulcer management [12]. Our comparative analy-
sis of the prevalence of CYP2C19(G681A) genotypes
yielded similar data. It was revealed that in Caucasian
populations, including in Russia and in Trans-Baikal
Territory, there is a low variability of the studied poly-
morphisms with a predominance of rapid metabolizers.
This makes genotyping of this locus less significant in the
management of reflux esophagitis and dictates the need
for more frequent use of metabolically neutral PPIs for
management of ADDs in the residents of Trans-Baikal
Territory.

Conclusion

The frequency of the A allele of the 681G/A
CYP2C19 polymorphic locus in the population of Trans-
Baikal Territory was 14.2% and was comparable with
Caucasians, but was less common than in the Chinese
and Japanese populations (p < 0.001 and p = 0.015,
respectively). The prevalence of the CYP2C19(681A/A)
genotype was 1.5%, which matched world data among
Caucasian populations; it was less common than in
Asians (p = 0.003). Given the high prevalence of “exten-
sive” metabolizers in Trans-Baikal Territory, with low
variability of the CYP2C19(G681A) genetic polymor-
phism, it is advisable to use drugs that are less metab-
olized through this cytochrome without prior genetic
testing.
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IIPEAVKTOPBI PACTBOPEHMSI TPOMBOB

B VIIKE AEBOT'O ITIPEACEPAVS V BOABHBIX
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Predictors of Thrombus Dissolution

in the Left Atrial Appendage

in Patients with Persistent Nonvalvular
Atrial Fibrillation

Pesome

Lienb pa6oTbl — BbIABUTL GaKTOPBI, BAUAKOLME HA BEPOATHOCTb PaCTBOPEHMA TPOM6Ga B YlKe N1€BOro npejcepans y 60/1bHbIX NepcUCTUpyolLeit
HeknanaHHoi Gpubpunnaumeii npeacepamnii. Matepuan u Metoabl. [oBTOpPHOE YpecrnuieBojHOe IXOKapAnorpaduyeckoe nccneoBaHve BbinosHe-
HO 88 60/1bHbIM NepCUCTUPYIOLLEI HeKNanaHHON GUBPUANALMEN NpeAcepAniA, Y KOTOPbIX NMPU NepBOM UCCAe/0BaHUM 6bi/l BbisIBJIEH TPOMO B YllKe
NeBOro npeAcepAvs. PesynbTartbl. [py NOBTOPHOM UCCNEA0BaHUM, KOTOPOE BbIMO/HANOCH B cpeaHeM yepes 30,0 (22,0; 40,0) gHa nocne nepsoro,
pacTBopeHve TpOoM6a B YLLUKe JIEBOrO NpeACepAms 6bi/10 KOHCTaTUPOBaHO Y 60 (68,2%) 13 88 BK/IOYEHHbIX B UCCIEA0BAHNE MALMEHTOB. AHaIM3 MHO-
ropakTOpHOI JIOFMCTUYECKO perpeccum NoKasas, YTo WaHChl PaCTBOPEHUA BbIABNEHHOIO B YLUKe 1€BOro npejcepans TpoMba Bo3pacTaioT B 5,789
(1,907-17,568) pasa npu pasmepe TpoMb6a He 6onee 25 MM, B 5,318 (1,325-21,353) pasa npu CKOPOCTU KPOBOTOKA B YLUKE IEBOrO NPeACepAns He
meHee 20 cm/c u B 3,687 (1,229-11,059) pasa B cy4ae UCMONb30BaHUA NPSIMbIX OPa/bHbIX AHTUKOAryNsHTOB, a He BappapuHa. Mpu coueTaHum 4syx
1 6onee U3 ykasaHHbIX paKTOPOB BEPOATHOCTb pacTBOpeHWA TpoMba gocTuraeT 89,6%. 3akntoueHne. BepoaTHOCTb pacTBOpeHWA TpoMba B yLLKe ne-
BOro npeacepAns y 60/1bHbIX MepCUCTUPYIoLLel HeknanaHHo ¢pnbpuanaumnein npejcepanin BospactaeT nNpy He6o/bLWOM pa3Mepe TPOM6a, BbICOKOW
CKOPOCTY M3rHaHUA KPOBM 13 YLIKa 1IeBOr0 NpeAcepAna 1 NCMO/Ib30BaHNM NPAMbIX OpPa/bHbIX aHTUKOAryNAHTOB.
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Abstract

The aim of this study is to identify factors influencing the likelihood of the thrombus dissolution in the left atrial appendage in patients with persistent
nonvalvular atrial fibrillation. Material and methods. A repeated transesophageal echocardiography was performed in 88 patients with persistent
nonvalvular atrial fibrillation and with the left atrial appendage thrombus at the first transesophageal echocardiography. Results. The second
transesophageal echocardiography was performed on average 30.0 (22.0; 40.0) days after the first one, the thrombus dissolution in the left atrial
appendage was revealed in 60 (68.2%) patients. The multivariate logistic regression analysis showed that the chances of the thrombus dissolution
increased by 5.789 (1.907-17.568) times with the thrombus size not more 25 mm, by 5.318 (1.325-21.353) times with the left atrial appendage
emptying flow velocity not less 20 cm/s and 3.687 (1.229-11.059) times when prescribing the direct oral anticoagulants, and not warfarin. Combination
of two or more factors give the probability of the thrombus dissolution of more than 89.6%. Conclusion. The probability of the thrombus dissolution
in left atrial appendage in patients with persistent nonvalvular atrial fibrillation increases with a small thrombus size, a high the left atrial appendage
emptying flow velocity, and if direct oral anticoagulants were prescribed.

Key words: persistent atrial fibrillation, transesophageal echocardiography, left atrial appendage thrombosis, oral anticoagulants
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Introduction

According to current recommendations [1, 2], if
transesophageal echocardiography (TEC) reveals a
thrombus in the left atrial appendage (LAA) in a patient
with persistent atrial fibrillation (AF), the planned car-
dioversion should be postponed for at least three weeks,
during which the patient should receive adequate antico-
agulant therapy (ACT, recommendation class I). Before
cardioversion, repeated TEC should be considered to
confirm thrombus dissolution (recommendation class
ITa). This issue can be considered while relying only on
the assessment of the probability of thrombus dissolu-
tion by the time of cardioversion. A high probability of
thrombus dissolution may serve as a basis for cardiover-
sion without repeated TEC, while a low probability indi-
cates the need for such examination.

Information in the literature on the frequency of
dissolution of thrombi in LAA by the time of repeated
TEC is scarce and fairly contradictory. According to
the X-TRA study and the CLOT-AF register [3], after
6-8 weeks of taking rivaroxaban, complete dissolu-
tion of thrombus is observed in 41.5% cases, and after
3-12 weeks of treatment with vitamin K antagonists —
in 62.5% cases. However, in a study conducted by A.
Hussain et al. [4], thrombus dissolution during repeated

TEC performed on average 67 days after the first study
was reported in 77% of patients treated with direct oral
anticoagulants (DOACs) and in 74% of patients treated
with warfarin. A study by Saaed M. et al. [5] demon-
strated that after four weeks of taking warfarin, dissolu-
tion of thrombus in LAA was observed in 90% of cases.
Discussing the effectiveness of ACT in patients with
AF, the participants of the Delphi Panel Discussion
concluded that there is still not enough information to
make detailed recommendations for the management
of patients with identified atrial thrombosis [6]. Given
the above, we considered it appropriate to analyze and
present our own data on the frequency of LAA throm-
bus dissolution by the time of repeated TEC in patients
with persistent AF.

Objective of the study was to identify factors that
affect the possibility of LAA thrombus dissolution in
patients with persistent non-valvular AF.

Material and Methods

The material for a single-center, retrospective cohort
study was the register of TECs performed before the
planned cardioversion in patients with persistent AF




Apxusb BHyTpeHHE MeAMunHbL ® Ne 2 o 2022

OPUTMHAABHBIE CTATHU

from 2011 to 2021 by one of the authors of this article.
Examinations were performed on Vivid E9 and Vivid
S70 (GE, USA) devices with a transesophageal matrix
multiplane phased transducer (2D/3D/4D) 6VT-D. The
LAA was scanned from the midesophageal access in sec-
tions from 0 to 180° with a stepwise interval of 10-30°.
Thrombi in the LAA were defined as discrete echoposi-
tive masses with a density that differs from the endo-
cardium and pectineal muscles [7]. Information was
entered into the register after the operator performed
50 transesophageal examinations with results that could
formally be considered unreliable.

At the time of analysis, the registry contained infor-
mation on 963 patients with persistent AF; in 149
(15.5%), a thrombus in the LAA was detected during the
first TEC performed before the planned cardioversion.
The study included 88 patients who underwent at least
one repeated TEC after thrombus detection.

At the time of thrombus detection, all patients
received ACT [1, 2], in accordance with the recommen-
dations for preparing patients with persistent AF for
planned cardioversion. However, its duration exceeded
three weeks in only 44 (50.0%) of them. After detection
of a thrombus in the LAA, 39 (44.3%) patients started
or continued taking warfarin at doses that maintain the
INR at the level of 2-3 U, 21 patients (23.9%) — rivar-
oxaban 20 mg once a day, 14 patients (15.9%) — apixa-
ban 5 mg twice a day and 14 patients (15.9%) — dabiga-
tran at a dose of 150 mg twice a day. Repeated TEC was
performed on average 30.0 (22.0; 40.0) days after the
first examination. It should be noted that in all patients
treated with warfarin, INR before both the first and
repeated TEC was within the target range. However, the
overall duration of maintaining optimal anticoagula-
tion was unknown.

Statistical analysis was carried out using IBM SPSS
Statistics 22 software. For intergroup comparisons of
means, the Mann-Whitney test was used. Means were
presented as a median and an interquartile interval —
Me (P,; P_). When comparing sample rates, the x* cri-
terion with Yates correction was used. Multiple logistic
regression analysis was used to identify factors influ-
encing thrombus dissolution. To determine the cut-off
points and to assess the prognostic value of these fac-
tors, ROC analysis was performed. The cut-off point
was the value of the maximum sum of test sensitivity
and specificity. Results were considered statistically sig-
nificant if the alpha error probability was less than 5%
(p <0.05).

Results

Out of 88 patients with persistent non-valvular AF
with a thrombus in the LAA detected during the first
transesophageal examination, its dissolution was estab-
lished during re-examination in 60 (68.2%) patients. The
groups of patients who dissolved and did not dissolve

thrombus in the LAA were comparable in age, gender,
range of comorbidities and clinical assessment of stroke
risk. There were no intergroup differences in the average
duration of paroxysm, the proportion of individuals with
atrial flutter and the time of re-examination (Table 1).
However, in patients who dissolved a thrombus, its ini-
tial size was, on average, smaller, and blood flow velocity
in the LAA was higher than in patients with an undis-
solved thrombus. Also, the majority of patients who dis-
solved the thrombus received DOACs, and the majority
of patients with an undissolved thrombus received war-
farin. Therefore, thrombus size, blood flow velocity, and
ACT features can be considered as potential predictors of
thrombus dissolution by the time of echocardiographic
re-examination.

All three variables were included in the multiple
logistic regression analysis, with thrombus length and
LAA flow velocity presented both in numerical terms
and in binary form. According to ROC analysis, the
points of separation of patients with a dissolved and
undissolved thrombus are thrombus length of 26 mm
and blood flow velocity of 20 cm/s. Data presented in
Table 2 indicate that an increase in thrombus size by
1 mm is associated with a decrease in the chances of its
dissolution by 1.098 times, and an increase in the veloc-
ity of blood ejection from the LAA by 1 cm/s is accom-
panied by an increase in the chance of thrombus dis-
solution by 1.084 times. The small size of thrombus (no
more than 25 mm) increases the chances of its dissolu-
tion by 5.789 times, and the velocity of blood ejection
from the LAA over 20 cm/s increases it by 5.318 times.
Regardless of these factors, DOACs rather than war-
farin increase the chances of thrombus dissolution by
3.687 times.

It should be noted that small thrombus size, high
blood flow velocity in the LAA, and the use of DOACs
have approximately the same effect on the chances of
thrombus dissolution in the LAA, making it possible to
assess the presence of any of these factors in a patient with
1 point. In this case, the minimum score that a patient
can receive on the TVA scale (Thrombus <25 mm, Veloc-
ity 220 cm/s, Anticoagulant = DOAC) will be 0, and the
maximum is 3.

According to the data presented in Figure 1, an
increase in the total score on the TVA scale is accom-
panied by an increase in the number of cases of
thrombus dissolution, and with a score of 2 or more,
thrombus dissolution is observed in the overwhelming
majority of patients. The area under the characteris-
tic curve of the assessment on the TVA scale is greater
than the area under the characteristic curves of all
predictors included in this scale, although these differ-
ences do not reach the level of statistical significance
(Fig. 2).

Data presented in Table 3 indicate that 1 point on
the TVA scale does not statistically significantly affect
the chance of thrombus dissolution compared to a zero
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score on this scale. However, at 2 points, the chances of
thrombus lysis increase by 18 times, and at 3 points — by
57 times.

Sensitivity of the TVA 22 criterion in relation to the
dissolution of thrombus in the LAA is 71.7%, specificity
is 82.1%, the predictive value of a positive and negative

result is 89.6 and 57.5%. Therefore, the probability of
thrombus dissolution in the LAA after 4-5 weeks of ACT
is close to 90% if at least two of the following three con-
ditions are met: thrombus size is not more than 25 mm,
blood flow velocity in the LAA is not lower than 20 cm/s,
a patient is taking DOAC:s.

Table 1. Characteristics of patients with persistent nonvalvular AF

Indicator Total LAA thrombus dissolved LAA;&ZZE‘:SS not p
n=_88 n=60 n=28
Age, years 62,5 (56,0; 67,0) 63,0 (56,5; 67,0) 61,0 (54,05 65,5) 0,284
Men 48 (54,5) 36 (60,0) 12 (42,9) 0,203
Idiopathic AF 15 (17,0) 12 (20,0) 3(10,7) 0,439
Hypertension 63 (71,6) 41 (68,3) 22 (78,6) 0,461
Coronary heart disease 12 (13,6) 9 (15,0) 3(10,7) 0,832
Myocardial infarction history 8(9,1) 5(8,3) 3(10,7) 0,972
DCMP 6(6,8) 3(5,0) 3(10,7) 0,592
Heart failure 25(28,4) 20 (33,3) 5(17,9) 0,213
Diabetes 20(22,7) 11 (18,3) 9 (32,1) 0,244
Stroke history 6 (6,8) 5(8,3) 1(3,6) 0,711
CHA,DS -VASc, scores 2,00 (1,005 3,00) 2,00 (1,00; 3,00) 2,00 (2,00; 3,00) 0,619
High stroke risk 53 (60,2) 36 (60,0) 17 (60,7) 0,865
ACT more than three weeks 44 (50,0) 29 (48,3) 15 (53,6) 0,819
Atrial flutter 11 (12,5) 8(13,3) 3(10,7) 1,000
Paroxysm, days 53,0 (30,05 90,0) 49,5 (30,5; 72,5) 53,0 (27,5; 90,5) 0,542
Thrombus length, mm 18,8 (13,0; 27,0) 16,2 (12,0; 22,4) 27,0 (19,4; 29,0) 0,001
LAA emptying flow velocity, cm /s 15,5 (10,05 20,0) 18,5 (11,0; 22,0) 12,5 (4,005 18,0) 0,001
LAA area, cm? 4,75 (4,22; 6,02) 4,70 (4,10; 5,88) 5,21 (4,405 6,20) 0,233
Warfarin therapy 39 (44,3) 21 (35,0) 18 (64,3) 0,020
Rivaroxaban therapy 21 (23,9) 18 (30,0) 3(10,7) 0,088
Apixaban therapy 14 (15,9) 10 (16,7) 4 (14,3) 0,978
Dabigatran therapy 14 (15,9) 11 (18,3) 3(10,7) 0,551
Treatment time, days 30,0 (22,0; 40,0) 30,0 (22,0; 41,0) 31,5 (23,5; 35,5) 0,733

Note: Data are presented as median (25'"; 75" percentiles) or as absolute and relative numbers — n (%)
ACT — anticoagulant therapy, DCMP — dilated cardiomyopathy, DOAC — direct oral anticoagulants, LAA — left atrial appendage, AF — atrial fibrillation,

CHA,DS,-VASc — clinical stroke risk assessment scale

Table 2. Some factors influence on the chances of a LAA thrombus dissolution

Factor OR 95% CI P
Thrombus, mm 0,911 0,855-0,972 0,005
Flow velocity, cm/s 1,084 1,011-1,162 0,024
Thrombus <25 mm 5,789 1,907-17,568 0,002
Flow velocity 220 cm/s 5,318 1,325-21,353 0,018
Receiving DOAC 3,687 1,229-11,059 0,020

Note: CI — confidence interval, OR — odds ratio, DOAC — direct oral anticoagulants
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Figure 1. Frequency of the left atrial appendage thrombus
dissolution in patients with different sum of points on

the TVA scale (Thrombus, Velocity, Anticoagulant).

The number of patients with different sum of points is
indicated in parentheses
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Figure 2. Characteristic curves of the sum of points on
the TVA scale and each predictor. TVA — Thrombus,
Velocity, Anticoagulant, DOAC — direct oral
anticoagulants, AUC — area under the characteristic
curve

Discussion

In the present study, three factors were identi-
fied that have an effect on the possibility of throm-
bus dissolution in the LAA in patients with persistent
AF — thrombus size, blood flow velocity in the LAA,
and the nature of anticoagulant therapy (warfarin or
DOAC:s). Of 63 thrombi, the length of which did not
exceed 25 mm, 51 (81.0%) had dissolved by the time of
repeated TEC, and of the 25 larger thrombi — only 16
(36.0; p < 0.001). Therefore, the small size of the throm-
bus increases the chances of its dissolution by 5.789
(1.907-17.568) times.

We were unable to find published data on the effect
of the size of the atrial thrombus on the probability of
its dissolution. However, such data are available for
thrombi in LV. A study conducted by B. Lattuca et al.
[8] demonstrated that an increase in the area of a left
ventricular thrombus reduces the probability of its
dissolution (OR 0.66; 95% CI 0.45-0.96; p = 0.031).
J.K. Oh et al. [9] reported the dissolution of the left ven-
tricular apical thrombus in 23 (29.9%) of 77 examined
patients one month after starting anticoagulant therapy.
The initial size of the dissolved thrombi was less than
that of the preserved thrombi: 10.7 £ 4.2 vs. 12.1 +
5.5 mm, p = 0.046. According to the logistic regression
analysis, an increase in the size of the apical thrombus
by 1 mm reduces the chances of its dissolution by 1.06
(0.99-1.14) times, that is, by 6.2% (p = 0.053). Accord-
ing to the present study, an increase in the size of a
thrombus in the LAA by 1 mm reduces the chances of
its dissolution by 1.098 (1.029-1.170) times, that is, by
2.9-17.0% (p = 0.005). Therefore, the data obtained in
this study on the effect of the LAA thrombus size on its
dissolution are fully consistent with the data presented
in the literature on the probability of dissolution of the
left ventricular thrombi.

The effect of blood flow velocity in the LAA on the
possibility of thrombus development and the risk of
developing thromboembolic complications was first
demonstrated in the SPAF-III study [10] and later con-
firmed in several other studies [11-14]. A decrease in the
blood flow velocity in the LAA to 20 cm/s or less is con-
sidered critical for the development of a thrombus [10,
15, 16]. According to our data, at such a velocity of blood
ejection from the LAA, the chances of thrombus dissolu-
tion decrease by 5.318 (1.325-21.353) times (p = 0.018).
Of 32 patients with blood flow velocity in the LAA of
at least 20 cm/s, thrombus dissolution was observed in
29 (90.6%) patients, and out of 56 patients with a lower

Table 3. Changes in the chances of a thrombus dissolution depending on the TCA score

TCA score | OR | 95% CI | P |
1 point 3,000 0,668-13,472 0,152
2 points 18,000 3,349-96,734 0,001
3 points 57,000 5,181-627,138 0,001

Note: CI — confidence interval, OR — odds ratio
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blood flow velocity in the LAA — in 31 (55.4%, p =
0.002). The coincidence of critical blood flow velocity in
the LAA, which predetermines the development and dis-
solution of a thrombus, is not accidental since these pro-
cesses occur simultaneously, and the “fate” of a thrombus
depends on the predominance of one of them.

Therefore, the relationship between the probability of
thrombus dissolution and its size and blood flow velocity
in the LAA revealed in this study is confirmed by litera-
ture data; the same cannot be said about the third of the
identified predictors of successful thrombus dissolution,
i.e. the use of DOACs. At present, there is no evidence
in the literature of the advantage of DOACs over war-
farin in dissolving thrombi in the LAA. The only ran-
domized trial on this issue (X-TRA) demonstrated that
rivaroxaban can be used to dissolve atrial thrombi but
is not superior to warfarin [3]. Several non-randomized
studies found no differences between DOACs and vita-
min K antagonists in terms of the effectiveness of LAA
thrombus dissolution [4, 5, 17]. In the present study,
thrombus dissolution during repeated TEC was found in
21 (53.8%) of 39 patients treated with warfarin and in 39
(79.6%) of 49 patients treated with DOACs (p = 0.020).
Given the non-randomized nature of this study, the rela-
tively small number of patients enrolled, and the lack of
data on the duration of the target range of INR in warfa-
rin-treated patients, additional evidence is required for
the greater effectiveness of DOACs in dissolving thrombi
in the LAA.

Any of the predictors identified in this study enables
us to predict the probability of thrombus dissolution by
the time of repeated TEC. However, the combination of
these predictors has the greatest prognostic value. If the
patient has at least two of them, the probability of throm-
bus dissolution reaches 89.6%, which allows following
clinical recommendations [1, 2] and avoiding control
TEC before cardioversion.

Conclusion

In patients with persistent non-valvular AFE the
chances of dissolution of a thrombus detected in the
LAA in connection with ACT increase by 5.789 (1.907-
17.568) times with a thrombus size of not more than
25 mm, by 5.318 (1.325-21.353) times with blood flow
velocity in the LAA of at least 20 cm/s and by 3.687
(1.229-11.059) times with DOACs rather than warfa-
rin. When two or more of these factors are combined,
the probability of thrombus dissolution by the time of
repeated TEC is 89.6%.
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Abstract

The article is devoted to the development of the level of communicative competence of future doctors and the peculiarities of professional
communication with patients. The basis of the work were the questions of determining the speech behavior of a doctor in one of the most difficult
communicative situations — the situation of delivering bad news. Based on the material of real recordings of doctors’ speech, the analysis of risky
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communicative steps in the communication between the doctor and the patient is carried out, the most effective ways of implementing the doctor’s

speech tactics in the situation of bad news are determined. Conclusions are drawn about the need to improve the level of professional communication

of doctors and to train medical students in the communication skills of delivering bad news.
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Introduction

Professional communication between a physician
and a patient is the most important part of practical
medicine. Physicians themselves, their patients and
many researchers in this sector recognize the need and
importance of the communicative aspect [1, 2]. As the
adage goes: “The old doctor speaks Latin, the new doctor
speaks English, the good doctor speaks the patient’s lan-
guage” Proper communication between a physician and
a patient undoubtedly determines the patient’s attitude
towards the physician, the success of diagnosis and the
management of the disease. The speech behavior of a
physician and his/her communication skills help to find
a common language with the patient.

Implementation of a new educational standard
allowed the inclusion of the “Professional communica-
tion” course in the list of modules that are taught at the
Department of Pedagogy, Educational Technologies and
Professional Communication at V.I. Razumovsky Sara-
tov State Medical University. The theoretical basis of pro-
fessional communication and speech-behavioral models
of various situations of medical discourse are honed in
practical classes. Teaching staff performs a number of
tasks: improve the general and communicative culture of
future professionals; teach the basic tools of effective pro-
fessional communication; develop the skills of conflict-
free professional communication between a physician
and a patient; study with students the practical methods
of convincing patients and overcoming communication
barriers that arise between a physician and a patient.

One of the most difficult issues to manage is the
special situation in the interaction between the patient
and the physician — delivering bad news to the patient.
Insufficient exploration of this issue in domestic and for-
eign literature makes it relevant to study the communica-
tive behavior of a physician when communicating with
a patient in difficult life circumstances and presents a
particular challenge in regard to the collection of infor-
mation. In domestic medical, pedagogical, and psycho-
logical literature, this issue is usually addressed from the
point of view of ethics and deontology [3-6]. Foreign
studies describe several communication models tested in

clinical practice [7, 8]. However, we should mention that
many researchers only write that a physician should be
more attentive, more tactful, etc., that is, he/she should
comply with ethical standards. However, the analysis
of specific speech and behavioral steps and the ways of
their verbal and non-verbal expression are still not ana-
lyzed. Therefore, a physician can only guess what modes
of communication will be appropriate and most effective
and act according to his/her language habits.

According to the current legislation, a physician is
obliged to provide a patient with complete information
about the patient’s disease [9]. Therefore, mastering the
tactics of delivering bad news in different situations of
institutional communication with patients becomes a
mandatory professional skill for a physician.

A physician in his/her daily activities constantly has
to face negative emotions of patients. The physician
experiences enormous psychological stress when he/she
has to deliver bad news to a patient.

In foreign literature, the term “bad news” means any
information from a physician about the state of health
that negatively and significantly changes the patient’s
idea of his/her future [10-12].

In Russian literature, bad news is divided into two
types that seem relevant: actual bad news and unpleas-
ant news [13]. Bad news is the news a physician has to
deliver to patients, their partners and family members
regarding a terminal illness, incurable disease, mutila-
tion, sudden or predictable death. Bad news may include
informing about serious illnesses with reversible pro-
cesses (for example, syphilis, tuberculosis, etc.); fatal
diseases with irreversible processes (for example, HIV,
AIDS, leukemia, multiple sclerosis, metastatic malignant
tumors, etc.); incurable diseases with severe or irrevers-
ible consequences (for example, diabetes mellitus, Down
syndrome, hemophilia, schizophrenia, epilepsy, etc.); the
patient’s disability (for example, loss of limbs); informing
relatives about the death of the patient, as a fait accom-
pli. Unpleasant news means news that can make a patient
experience such emotional reactions as fear, anxiety,
worrying, sadness, grief. This may be informing a patient
about upcoming surgery; a chronic disease (for example,
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bronchitis, arterial hypertension, etc.); a limb fracture
that causes an unpleasant experience in a patient (anxi-
ety, fear, grief, etc.) [13].

The SPIKES model is the most developed and practi-
cally tested model for delivering bad news. This model
includes six consecutive steps: S (setting) — preparing
for a conversation, developing a plan for a conversa-
tion, creating a comfortable environment, allocating
time for a conversation, ensuring confidentiality, deter-
mining the number of participants in a conversation.
P (perception) — finding out what the patient already
knows about his/her condition or disease, determin-
ing patient’s expectations, his/her ideas about the cur-
rent condition. I (invitation) — defining the informa-
tion that the patient wants to hear; what is important
for the patient to hear first of all; whether the patient
wants to know all the details of the current situation.
K (knowledge) — informing about the current condi-
tion and verbalization of the diagnosis: start with the
fact that you have information about the current condi-
tion of the patient; do not underestimate, do not rush;
provide information gradually; make sure the patient
understands you; give support, express regret. E (emo-
tion) — psychological support: provide time for the
patient’s emotional response; ask him/her how he/she
feels; explain that his/her feelings are normal in this
situation. S (strategy and summary) — development of
a joint plan for further actions: discuss who can help
and support the patient from his/her inner circle, from
social organizations; warn the patient about possible
unpredictable circumstances; let him/her know on what
day and at what time he/she can contact you [7].

However, due to the lack of time, the conditions for
creating a comfortable environment while talking with
the patient, and other factors, it is hard to adhere to the
above model in actual clinical practice. In light of this,
it seems to us especially important and relevant to use
verbal and non-verbal tactics when delivering bad news
to a patient.

Objective of the study: to find the most effective
ways to implement the tactics of delivering bad news.

Research problems: Analysis of challenging aspects
in communication between a physician and a patient;
analysis of the culture of delivering bad news in the
practice of a physician, and describing communica-
tion errors in the speech behavior of a physician when
implementing the tactics of delivering bad news using
the example of real cases from the practice of a general
practitioner.

Materials and Methods

This work is a single-center, cross-sectional study.
This study was conducted in accordance with interna-
tional and Russian ethical standards, the provisions of

the Declaration of Helsinki, and was approved by the
local Ethics Committee of V.I. Razumovsky Saratov State
Medical University of the Ministry of Health of Russia.
All patients and physicians signed informed consent
for voluntary participation in the study. Inclusion crite-
ria: presence of bad news that should be delivered to a
patient, age 18+, signed informed consent.

Six female physicians took part in the conversation
with patients; their work experience ranged from 3 to
10 years; they were general practitioners with an aver-
age age of 29 + 4.3 years. The study involved 30 patients
(20 females and 10 males, average age 54.3 + 12.5 years).

Dialogs between a physician and a patient when
delivering bad news to the patient were recorded and
analyzed; they were collected via the participant obser-
vation method in the therapeutic departments of clinics
in Saratov. Reasons for delivering bad news: newly diag-
nosed benign tumors and malignant tumors of internal
organs. During the conversation, attention was paid to
the physician’s use of non-verbal ways of communicating
with a patient. After recording the dialog, the attending
physician clarified the details and features of the patient’s
clinical situation required for the full description of each
specific case.

Results

In this article, to illustrate the issue under consider-
ation, four clinical cases were selected, which demon-
strate both the wrong speech behavior of a physician and
the right choice of speech tactics and their verbal and
non-verbal implementation.

Clinical Case No. 1

Let’s consider a dialog between a physician and a
patient.

Physician: Ultrasound examination of abdominal
organs revealed a mass in your liver.

Patient (female): What could it be? Is it serious?

Physician: We have to perform magnetic resonance
imaging of the liver.

Patient (female): Could it be cancer? (her expression
changes.)

Physician: Everything is possible.

Was the behavior of the physician correct during this
conversation? The patient definitely did not expect to
receive such news. She was upset, began to worry about
the news. Patients often lose appetite and stop sleep-
ing, constantly thinking about their new problems; they
worry and try to imagine possible outcomes. In this case,
the etiology of the mass in the liver was not clear. It could
be a liver cyst, hemangioma, nodular hyperplasia, ade-
noma. These lesions are benign and usually require fol-
low-up. Could the patient be told that it could be cancer
when the diagnosis is not confirmed? Of course, this
news turned out to be “bad” for the patient because it
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caused negative emotions and feelings. Every person
might associate the very word “cancer” with an unfa-
vorable prognosis. In our opinion, in this situation, the
physician should have said that at present, we cannot say
exactly what kind of mass it is. Further tests are required.
The physician might have even reassured the patient that
masses in the liver are more often benign, and examina-
tion methods sometimes can give inaccurate results (for
example, magnetic resonance imaging of the liver could
show no mass in the liver).

Clinical Case No. 2

Here is another example of how a physician should
not talk to a patient. Patient I., male, 20. Examination
revealed a malignant tumor of the colon, peritoneal
carcinomatosis. Chemotherapy and extensive surgery
are indicated. The patient inquired about his condition
while the physician was doing her rounds. The physi-
cian replied that she would first speak with the patient’s
parents. After the physician left, the patient looked ner-
vous. In the evening, the physician spoke to the patient’s
father, explained that the prognosis was unfavorable,
and chemotherapy and several serious surgeries were
required. What did the physician expect by talking
first with the father but not with the patient himself?
Apparently, deeply sympathizing with the patient, the
physician tried to avoid an unpleasant conversation and
tried to shift the responsibility for communicating the
patient’s diagnosis to the shoulders of his parents. Does
a physician have the right to do such things? In accor-
dance with current legislation — no. The patient is an
adult. He wanted to know about his condition; he was
worried and, of course, immediately understood that
the physician was hiding something from him. And
what about the patient’s grief-stricken father, how well
could he talk to his son? Will he be able to support his
son in such a difficult time? When the patient sees his
parents in distress, he would likely think that every-
thing is very bad and could lose faith and hope for the
future. In such a situation, the physician himself/herself
should tell the patient about the diagnosis, methods of
treatment, further prognosis, without hiding the truth
from the patient. However, at the same time, the physi-
cian should give the patient some reassurance, making
it clear that treatment exists and every effort should be
made to combat the disease.

Delivering news to patients is a very difficult problem.
After hearing a diagnosis with a poor prognosis from a
physician, patients almost always ask: “How long do I
have?” Despite that present-day medicine can determine
the approximate life expectancy of patients with a partic-
ular pathology, no one, even the most experienced pro-
fessional, can say how long the patient will live. This issue
is undoubtedly very important for patients with severe
diseases. After all, they try to imagine how to “build”
their lives going forward, what to do with the time left.

And if you say they have very little time? Unfortunately,
many patients, in this case, lose hope, interest in life and
die even faster than expected.

Clinical Case No. 3

Let’s consider the behavior of a physician when com-
municating with a patient under follow-up for a long
time for a malignant tumor of the pancreas with a poor
prognosis. Patient, male, 51, was diagnosed with pancre-
atic adenocarcinoma. At the case conference, the tumor
was regarded as unresectable. Median survival of such
patients is six months [14]. During the first conversa-
tion, the physician clearly explained to the patient that
life expectancy differs in different individuals with the
same pathology and depends on many factors; she set the
patient up to fight the disease. The patient was observed
in the department for three years; the diagnosis was
repeatedly confirmed; the patient was in constant contact
with the attending physician, followed all the recommen-
dations in a timely manner and felt good. This example
demonstrates the longer life expectancy of a patient with
cancer with a statistically low life expectancy; there was a
trusting relationship between physician and patient and
high adherence to therapy.

Clinical Case No. 4

This clinical case demonstrates correctly chosen tac-
tics of speech behavior and the specific features of its
implementation. Patient, male, 76. Examination revealed
primary multiple malignant tumors of the colon and the
stomach with severe concomitant pathology. On the case
conference, tumors were regarded as unresectable. When
speaking with the patient, the physician described the
diagnosed pathology as follows:

Physician: Hello, .M. (addresses by name and patro-
nymic; takes a chair, sits next to the patient’s bed). LM., I
have some not very good news to tell you (pauses). Based
on the results of the examination, you have two tumors:
in the stomach and the large intestines...unfortunately,
you cannot be operated on...

Patient: So, life is over (doesn’t look at the physician,
stares ahead).

Physician: I.M., you know (puts his hand on the
patient’s forearm), the histological variant of tumors is
not the worst. There are no metastases. I will tell you
later what to do, what to eat, what drugs to take to treat
anemia ... we will definitely deal with it and we will do
our best to make you feel good...

The physician found the right words to encourage the
patient, to inspire him with belief in the possibility of
continuing to fight. At the level of speech implementa-
tion, the physician used the tactics of consolation, empa-
thy and support, as well as the tactics of creating the line
of thinking and explaining. Analysis of this material
showed that the specific effective features included means
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of harmonizing communication: “we” — which empha-
sized that the problem was shared (we will definitely deal
with it and do our best); euphemisms demonstrating soft-
ening of categoricalness (not very good news). It should
be noted that the patient’s relatives played an important
role in supporting him: they were very attentive, helped
him feel needed and filled the patient’s life with positive
emotions and care; were constantly in contact with the
attending physician and followed all the recommenda-
tions for treatment and care.

Discussion

The art of communication between a physician and a
patient is a very complex and multifaceted process where
a physician acts not only as a professional who uses his
knowledge and experience for the treatment, rehabilita-
tion and maintenance of the patient’s health, but also as
a person who analyzes the patient’s treatment process in
the context of moral, ethical, cultural, religious values.
The art of communicating with a patient requires not
only the desire of the physician but also the relevant
knowledge. Future and practicing physicians usually
master the skills of communicating with the patient
based on their linguistic abilities during practice, adopt-
ing “a manner of speaking from clinicians or intuitively
finding their own style, the success of which, however,
may be in doubt” [2].

Physicians must be well versed in the principles of
ethics and deontology in medicine, and have knowledge

of communication psychology. Without sufficient knowl-
edge in these areas, it is impossible to find the right indi-
vidual approach to each patient.

The communicative culture of delivering bad news
takes up a special niche in the physician’s work. Despite
that delivering bad news to a patient or his/her relatives
is an integral part of the work of a practicing physician, it
always causes tension in the emotional-volitional sphere.
There is no doubt that the more severe and unfavorable
a patient’s prognosis, the more difficult it is for a phy-
sician to choose the right words and properly describe
the problem. Not only young but also experienced pro-
fessionals, deep down inside, do not want to deal with
the negative emotions of patients. Such reluctance can
lead to a situation where a physician either does not fully
inform the patient about the diagnosis, trying to avoid
unnecessary questions, or conveys it with detachment,
hastily, not caring about the patient’s mental state. Both
scenarios of speech behavior, in this case, are risky and
cannot be considered acceptable by a physician [15].
Of course, not only the patient experiences negative
emotions while talking about the worsening of health.
The physician also experiences anxiety and fear for the
future of his/her patient. The physician understands that
after this conversation, the patient’s life will change and
will never be the same.

A sick individual is very different from a healthy
person in many ways: special physical condition during
the period of illness, intensity of emotions, mental stress,
belief in recovery, hope of returning to the family, labor

Table. Verbal and nonverbal tactics when telling a patient bad news

Verbal tactics

Consolation: “don’t worry”; “we’ll manage, we’ll ease Your suffering”; “it could be worse”; “now you need to think about how to cope with

the disease”

Support: “do not worry ahead of time, let’s wait for the results of the study”; “You did the right thing, seeing the doctor just in time”; “first of
all, You need to calm down”; “do not be afraid of this operation”; “don’t worry, everything will go well”; “we are going to manage it, You are

not alone, don’t worry”

EEmpathy: “I know what you are going through”; “be patient a little, I understand that it hurts you, it will become much easier against the

», «

background of treatment”;

I understand that it is unpleasant to do this study, but it is necessary”

Nonverbal tactics

Touching, patting (takesika): touching the patient’s forearm; shaking the hand; patting the shoulder to support the patient

Eye contact: making eye contact at the same eye level; do not turn away and do not avert your eyes during a conversation

Eye expression: kind, open, confident, warm, caring, soothing look

Facial expression (facial expressions): friendly, sympathetic, compassionate, but at the same time, encouraging and supportive facial

expression

Pose (pantomime): straight back, slight tilt of the head or upper body towards the patient

Distance (distance to the interlocutor): the distance to the patient is about half a meter, sufficient for a confidential conversation; there are no

barriers between the doctor and the patient (for example, a table)

Voice (intonation, volume, tone, rhythm): confidential intonation; soft speech, unhurried rhythm, semantic pauses in combination with

visual contact
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and social activity create a special atmosphere in rela-
tions between a physician and a patient. For many people,
disease is a severe trauma that leads to noticeable mental
changes: in the patient’s attitude towards himself/herself,
close ones, work, life. These psychoemotional changes in
a person are due to physical suffering, disruption of their
daily habits, the threat of various complications, depen-
dence on others, worries and fear for the future [16].

Undoubtedly, how bad the news will be for the
patient depends on his/her expectations, awareness of
the illness, and how “sick” the person felt before receiv-
ing news about his/her state of health.

Knowledge of the laws of professional communica-
tion and ways to implement the tactics of delivering bad
news will help physicians navigate a difficult situation,
build the right communication strategy, support, and
comfort the patient and significantly ease his/her nega-
tive response.

The table includes the most successful, in our opin-
ion, verbal and non-verbal tactics that help physicians
best deliver bad news to patients [17].

Conclusion

Knowledge of the laws of professional communica-
tion and the ability to choose the best speech tactics and
ways of their verbal and non-verbal implementation are
becoming critical in professional interaction between a
physician and a patient when implementing the tactics of
delivering bad news. Speech tactics required for deliver-
ing bad news include consolation, empathy, and support.
It is recommended to include the “Professional Commu-
nication” course in the list of taught disciplines for stu-
dents of medical institutions of higher professional edu-
cation, for the specialty programs “General Medicine”
and “Pediatrics” In practical classes, teaching staff should
work out the basics of professional communication with
students, pay special attention to the speech behavior
of physicians in a difficult situation of interacting with
a patient — delivering bad news. A graduate skilled in
communicative behavior in various professional com-
munication situations will fit the image of a physician,
defined as the only possible in one of V.M. Bekhterev’s
principles: “If the patient does not feel better after talking
with the physician, then this is not a physician”
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Pesome

ApTepuanibHas M’MNOTOHMA YacTO BCTPeYaeTCsA NPU XPOHNHECKON CepAleqHON HeA0CTaTOUHOCTU. CHIKEHMe apTepUuabHOro AaB/eHUA MOXET BbITh
06yCN0B/IEHO Pa3/IMYHBIMK MPUYMHAMU, B TOM HYMCAE CHUXKEHMEM HAaCOCHOW QYHKLMM CepALa, 1eKapCTBEHHbIMM NpenapaTaMu, N3MeHeHHOW Ba3o-
PeaKTUBHOCTBIO, CBA3AHHOM C COMYTCTBYOWMMI 3a601eBaHMAMM (HanpyMep, caxapHbiM AnabeTom) n Ap. EAVHBIX KPUTEPUEB OLEHKM TSKECTU ap-
TepuanbHOM rmnoToHMK HeT. CTeneHb BANAHMSA e Ha MPOrHO3 1 TeyeHue 3a60/1eBaHNA OKOHYaTe/IbHO He M3ydeHbl. CIOKHOCTb BeleHNA NaLueHToB
C CepAeYHON He0CTaTOYHOCTbIO U apTepuaabHOM M’MNOTOHMEN 3aKo4aeTca B NoA6Ope U TUTPOBaHMMN PEKOMEH/I0BaHHbIX SIeKapCTBEHHbIX Npena-
paToB A1 KOMMeHcaluu 3a60/1eBaHNA 6e3 pa3BUTMA AOMOHUTE/bHBIX MO60UHBIX 3$deKToB. Ha cerogHAWHMIA AeHb pa3paboTaHbl No3TanHbIe an-
rOPUTMbI Ha3Ha4YeHNA 1 KOPPEKLM IeKapCTBEHHOW Tepanuu NaLuueHTaM C apTepuanibHOM T’MNOTOHMeN. B AaHHON cTaTbe Npe/ACTaBaeH KAMHNYECKUI
cnyvali BeAeHMA naLueHTa C TAXKe/0i apTepuanbHOM rMNoToHMEN Ha GOHEe XPOHMYECKON cepAie4HON He0CTaTOUYHOCTM CO CHUKEHHOM dpaKuumen
BbIGpOCa 1eBOr O XenyaouKa.

MauueHTy ¢ BPOXAEHHBIM MOPOKOM cepaua (4BYCTBOPYATHIM aOPTaslbHbIM KAanaHoM) B 25 /ieT 6b110 BbINO/IHEHO NPOTE3UPOBaHMe aOpPTa/lbHOrO
KnanaHa. Cnycta 13 neT, nocne nepeHeceHHOW BUPYCHOM MH$EKLUW, pasBunach AeKOMMNeHcala XpPOHNYECKON CepAeyHoN HeJ0CTaToOYHOCTH
CO CHMXeHWeM ¢ppaKLmu Bbibpoca SI€BOro )enyAouka Ao 19% c nocneAyolWwmnM coXpaHEHNEM KAMHUYECKOW CUMMTOMATUKK Ha yposHe Il — IV
$YHKLMOHaNBLHOTO KNacca, HeCMOTPA Ha ONTUMa/bHYIO MeAMKaMeHTO3HYI0 Tepanuio B TedeHue roaa. Mpu Hamunm y naumeHTa noKasaHui K cep-
[le4HOV PECUHXPOHM3MPYIOLLEel Tepanui 6blna MMNAAHTMPOBaHa CUCTEMa MOAY/IALMMN CePAEYHON COKPAaTUMOCTU, NOC/Ie Yero Yy4LeHNA KAUHN-
YeCKOM CUMMTOMATMKM He OTMEYasock, HabNtogannce Yactbie (40 4 B TeueHWe rod) gekoMneHcauum, Tpe6oBasLuve rocnuTanmnsauuin. C uesbto
npeAoTBpalleHUs NporpeccMpoBaHna 3a6oneBaHNsA U yNyUleHUs NPOrHo3a, HECMOTPA Ha FMMNOTeH3MIo, 6bl1 Ha3HavyeH cakybuTpua/BancaptaH
B MMHUMa/IbHbIX f103aX, Ha GOHe Yero y/Aanocb KOMMNeHCMPOBaTh NaLMeHTa U A06UTbCA CTabUILHOrO TeYEHNA XPOHUYECKOW CepAevHOi Heg0CTa-
TOYHOCTU 63 NOTPebHOCTH B rocnuTanmnsaLmm B TedeHne 9 MecaueB. [laHHbIN KAMHAYECKUIA Cyyait NO3BO/IAET pacCMaTpMBaTb HEO6XOANMOCTb
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npoBeAeHUsA AONONHUTE/IbHBIX KNMHNYECKUX NCCeA0BaHUI A/1A U3YUYeHUA BO3MOXHOCTM Ha3HaYeHMs MasibiX 403 cakybuTpua/BascaptaHa y na-
LIMEHTOB C apTepManbHOMN r’MNOTOHUEN Ha GOHe CepAeYHONM HeAOCTAaTOYHOCTU C Lie/1bi0 YMEHbLUIEHWUA BbIPaXEHHOCTU KTMHUYECKON CUMNTOMaTUKM
W yNyylleHWs NporHosa.
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mepanus, mpaHcnaaHmauyus cepoya, cucmema Modynayuu cepoeqHoll COKpamuMoCmu, 2UNOMOHUS, Cakybumpun/sancapmaH
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ABTOPpbI 3aABAAOT 06 OTCYTCTBUM GUHAHCUPOBAHWA MPU NPOBEAEHUN UCCNIEA0BAHUA
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Ana unTUpoBaHUA: Buiukosa M.C., Pestuk E.B. BEAEHWE BOJIBHOTO C TAXENOW APTEPUANIbHOM TMNOTOHWMEN HA ®OHE TEPMUHA/Tb-
HOW CEPAEYHOM HELJOCTATOYHOCTM CO CHMXKEHHOWM GPAKLMEN BLIEPOCA JIEBOTO XE/TYLOUKA. ApxvBb BHYTpeHHel MeanLmHbl. 2022;
12(2): 143-155. DOI: 10.20514/2226-6704-2021-12-2-143-155

Abstract

Hypotension is often in chronic heart failure patients. It has various reasons, including a decrease in the pumping function of the heart, medications,
altered vasoreactivity associated with concomitant diseases (for example, diabetes mellitus). There are no universal criteria for assessing the severity
of hypotension. Its prognosis significance has not been studied well. It is difficult to select and titrate the drugs recommended for treatment of
heart failure, so that the prescribed therapy compensates the patient and does not cause the development of side effects. Step-by—step algorithms
for prescribing and correcting drug therapy for heart failure patients with hypotension have been developed. This article presents a clinical case of
management of a patient with severe hypotension and chronic heart failure with a reduced left ventricular ejection fraction.

Aortic valve replacement was performed the patient with congenital heart disease (bicuspid aortic valve) in 25 years. In 13 years, after a viral infection,
there was a decompensation of chronic heart failure with reduced ejection fraction to 19%. Against the optimal drug therapy, heart failure persisted
IlI- IV functional class with 4 hospitalization during a year. Despite the indications for cardiac resynchronization therapy, a system for modulating
cardiac contractility was implanted, after which there was no improvement in clinical symptoms, there were frequent decompensations up to. In order
to prevent the progression of the disease and improve the prognosis, despite hypotension, sacubitril/valsartan was prescribed, against which it was
possible to compensate the patient and achieve a stable course of chronic heart failure without the need for hospitalization for 9 months. This case
report suggest that additional clinical researches are necessary to study the possibility of prescribing of small doses of sacubitril/valsartan in patients
with hypotension and heart failure to reduce the severity of clinical symptoms and to improve the prognosis.

Key words: terminal heart failure, bicuspid aortic valve, cardiac resynchronization therapy, heart transplantation, cardiac contractility modulation,
hypotension, sacubitril/valsartan
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24h ECG — 24-Hour Holter monitoring, ACE inhibitors — angiotensin-converting enzyme inhibitors, ALT — alanine aminotransferase, ARB — angiotensin
IT receptor blocker, ARNI — angiotensin receptor-neprilysin inhibitor, ARVI — acute respiratory viral infection, AST — aspartate aminotransferase,
AUS — ultrasound examination of abdominal organs, BMI — body mass index, BP — blood pressure, CHF — chronic heart failure, CKD — chronic
kidney disease, CRTd — cardiac resynchronization therapy with a defibrillator, ECHO-CG — echocardiography, ECG — electrocardiography, EDV —
end-diastolic volume, EGD — esophagogastroduodenoscopy, ESC — European Society of Cardiology, ESD — end-systolic dimension, FC — functional
class, FDA — Food and Drug Administration, FS — fractional shortening, GFR — glomerular filtration rate, GGTP — gamma-glutamyl transpetidase,
HF — heart failure, HFmrEF — heart failure with midrange LV ejection fraction, HFpEF — heart failure with preserved LV ejection fraction, HR — heart
rate, [ABP — intra-aortic balloon counterpulsation, INR — international normalized ratio, LA — left atrium, LBBB — left bundle branch block, LDH —
lactate dehydrogenase, LVEF — left ventricular ejection fraction, MCS — mechanical circulatory support, MRA — mineralocorticoid receptor antagonist,
NYHA — New York Heart Association, OM — omecamtiv mecarbil, RCT — randomized clinical trial, RV — right ventricle, sSPAP — systolic pulmonary
artery pressure, SV — stroke volume, T2DM — type 2 diabetes mellitus, QRS axis — electrical heart axis

Introduction affects 7.9 million individuals [1]. Present-day advances
The management of chronic heart failure (HF) in drug therapy can help improve the quality of life
remains an extremely pressing issue today. In the Russian ~ and increase life expectancy. However, they inevitably
Federation, HF of functional class (FC) I-IV, according to  increase the number of patients with end-stage HE End-
the New York Heart Association (NYHA) classification, ~ stage HF is characterized by persisting severe clinical
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Table 1. Updated HFA-ESC criteria for defining advanced heart failure

| All the following criteria must be present despite optimal guideline-directed treatment:

1. Severe and persistent symptoms of heart failure [NYHA class III (advanced) or IV].

2. Severe cardiac dysfunction defined by a reduced LVEF <30%, isolated RV failure (e.g., ARVC) or non-operable severe valve abnormalities
or congenital abnormalities or persistently high (or increasing) BNP or NT-proBNP values and data of severe diastolic dysfunction or LV
structural abnormalities according to the ESC definition of HFpEF and HFmrEF.

3. Episodes of pulmonary or systemic congestion requiring high-dose intravenous diuretics (or diuretic combinations) or episodes of low output
requiring inotropes or vasoactive drugs or malignant arrhythmias causing >1 unplanned visit or hospitalization in the last 12 months.

4. Severe impairment of exercise capacity with inability to exercise

Note: BNP — B-type natriuretic peptid, NT-proBNP — N-terminal pro-BNP, HFpEF — heart failure with preserved ejection fraction, HFmrEF — heart failure with mid-range
ejection fraction, ARVC — arrhythmogenic right ventricular cardiomyopathy, LV — left ventricular LVEF — left ventricular ejection fraction, NYHA — New York Heart Association,

ESC — European Society of Cardiology, RV — right ventricular

symptoms despite optimal treatment (Table 1) [2]. There

are reasons to establish the diagnosis of end-stage HF in

1-10% of all patients with HF [3].

Drug treatment currently plays a central role in pre-
venting the progression of HE. According to modern
approaches, patients with chronic heart failure (CHF)
with decreased LV systolic function should receive the
following if they have no contraindications [1, 4]:

1) Angiotensin receptor-neprilysin inhibitor (ARNI)
OR, if it cannot be prescribed/is contraindicated/
leads to intolerance, an angiotensin-converting
enzyme (ACE) inhibitor OR, if an ACE inhibitor
leads to intolerance and ARNI cannot be prescribed,
an angiotensin II prescription blocker (ARB) [5-7].

2) Beta blocker (BB) [1, 6].

3) Diuretic (in the case of congestion) [6, 8].

4) If there is no effect from a three-component ongoing
therapy and LV EF < 35%, a mineralocorticoid recep-
tor antagonist (MRA) should be added [5, 6].

5) To improve the prognosis, all patients with CHFrEF
are indicated to have sodium-glucose cotrans-
porter-2 inhibitors (SGLT-2, “metabolic diuretics”)
added to their treatment.

If a patient takes ACE inhibitors/ARBs, BBs, MRAs
and a diuretic and clinical symptoms persist, then,
if there is sinus rhythm with HR > 70 bpm with the
intake of a target dose of BBs or intolerance to them,
the addition of If-channel blockers (ivabradine) is indi-
cated. For patients with atrial fibrillation, oral antico-
agulants should be prescribed, and for patients with
HR > 70 bpm with the intake of a target dose of BB,
digoxin should be added. If a patient takes ACE inhibi-
tors/ARBs, BBs, MRAs and a diuretic and has systolic
blood pressure (BP) > 100 mm Hg and clinical symp-
toms persist, an ACE inhibitor/ARB should be replaced
with ARNT [5, 6].

In patients with end-stage CHF, the administration
of these groups of medicinal agents is limited by the fre-
quent development of severe arterial hypotension (syn-
onym: hypotension).

Arterial hypotension is blood pressure more than
20% below normal values; in absolute terms, it is a
decrease in systolic blood pressure < 90 mm Hg or mean
BP < 60 mm Hg. [9]. According to randomized clinical

trials (RCTs), arterial hypotension develops in 10-15%
of patients with HF [2].

Arterial hypotension in cases of HF can be caused
by decreased cardiac pumping function, medication-
induced hypovolemia, vasodilation, impaired vasoreac-
tivity (for example, in patients with diabetes mellitus)
[3]. Arterial hypotension can be caused by high doses of
loop diuretics, which remain the basis for managing con-
gestion in patients with HF. Progression of heart failure is
often accompanied by impaired renal function (develop-
ment of chronic cardiorenal syndrome), which, in turn, is
accompanied by resistance to diuretics [10, 11]. Chronic
cardiorenal syndrome may have several mechanisms,
including hemodynamic disturbances, neurohormonal
activation, increased tubular sodium reabsorption,
inflammation, oxidative stress and drug nephrotoxic-
ity. Resistance to diuretics, in this case, usually develops
due to a number of renal adaptations after the admin-
istration of diuretics (“braking phenomenon”), includ-
ing hypertrophy and hyperfunction of nephron sites, as
well as increased renin secretion. To manage the braking
phenomenon, thiazide diuretics are used simultaneously
with loop diuretics. However, there are no reliable RCT
data regarding the effectiveness of this combination, and
the combination may lead to the development/aggrava-
tion of arterial hypotension [3].

In patients with an inadequate response to treatment
with oral diuretics, intravenous administration of diuret-
ics is recommended, starting with a dose higher than for
oral medications. However, this can also contribute to the
development of arterial hypotension. If diuretic therapy
has no effect, peritoneal dialysis can be prescribed [2].
Indications for dialysis include end-stage HF, fluid over-
load, progression of chronic kidney disease (CKD), and
end-stage CKD [2].

Parenterally administered inotropic agents may
improve hemodynamics in patients and delay deteriora-
tion in target organ function [2]. Inotropic agents can
be conditionally divided into catecholamine derivatives
(dopamine, dobutamine), positive inotropic agents with
vasodilatory effect (levosimendan) and cardiac glyco-
sides. These medications are indicated for CHF patients
with persistent congestion, hypoperfusion, regardless of
the administration of vasodilators or diuretics. Despite

145



146

ANALYSIS OF CLINICAL CASES

The Russian Archives of Internal Medicine ® Ne 2 e 2022

the favorable effect on hemodynamics and severity of
symptoms, long-term use of medications with positive
inotropic effect (except digoxin) has a negative effect
on the prognosis for CHF patients [12]: These agents
increase myocardial oxygen demand and intracellular
calcium concentration thereby increasing the risk of car-
diac arrhythmia and death [12]. Therefore, such medi-
cations should be administered only during the acute
period of hypoperfusion and hypotension that cannot be
corrected with agents of other classes.

Levosimendan is a medication with three main
properties: inotropic, vasodilatory and cardioprotec-
tive. Its half-life is 1-1.5 hours, and clinical effects are
due to the formation of active metabolites OR-1855 and
OR-1896, with the effect persisting for 7-9 days after the
end of a 24-hour infusion. Its inotropic effect is due to
the increased sensitivity of cardiomyocyte myofibrils to
calcium, which leads to the binding of troponin C to cal-
cium ions and the formation of a troponin C and cal-
cium complex. This, in turn, leads to increased myocar-
dial contractility without developing diastolic relaxation
abnormalities. The vasodilatory effect is due to the open-
ing of ATP-sensitive potassium channels on the mem-
brane of smooth myocytes of the vascular wall, which
reduces total peripheral and pulmonary vascular resis-
tance and, therefore, pre- and afterload. The cardiopro-
tective effect of levosimendan is also based on its effect
on the opening of mitochondrial ATP-sensitive potas-
sium channels [12].

The REVIVE and SURVIVE studies, the two largest
studies to this date, showed that hypotension developed
more frequently during treatment with levosimendan
than with a placebo, but not with dobutamine. The inci-
dence of atrial fibrillation in the levosimendan group
was higher than in both comparator groups. Ninety
percent of patients received levosimendan at a rate of
0.2 mg/kg/min during the first 2 hours; among them,
70-85% continued to receive the agent at the same rate
over the next 24 hours. The main side effect of levosi-
mendan was the development of hypotension (in 50% of
subjects) and arrhythmias. Results of clinical trials indi-
cate that levosimendan should be used with caution in
patients with arterial hypotension, especially in cases of
hypovolemia.

Inotropes may also be used in patients with end-stage
HF prior to temporary mechanical circulatory support
(MCS), long-term MCS or heart transplantation. Long-
term treatment with inotropes is not recommended for
patients awaiting transplantation. Long-term MCS is
advisable in such cases. Long-term therapy with inotro-
pes may be a palliative option for patients with no alter-
native treatment options [2].

Omecamtiv mecarbil (OM), a new selective oral
inotrope, is a cardiac myosin activator that improves
myocardial contractility in patients with CHE The
GALACTIC-HF study established the safety of OM,
including the absence of adverse effects of OM on renal

function, serum potassium levels, blood pressure or
heart rate (HR) [13, 14]. The Food and Drug Adminis-
tration (FDA) recently approved another new medica-
tion for the management of HF with reduced ejection
fraction (HFrEF) — vericiguat, an oral soluble guanyl-
ate cyclase stimulator that increases the bioavailability
of nitric oxide. The VICTORIA study, which included
patients with LVEF < 45% after a recent hospitalization
for decompensated HF or after receiving intravenous
diuretics, revealed that this drug reduces mortality from
cardiovascular events and the number of hospitalizations
for HF [15].

The EMPEROR-Reduced trial demonstrated a lower
risk of death due to cardiovascular causes or hospital-
ization for HF for 16 months due to the effect of empa-
gliflozin at a dose of 10 mg per day compared with the
placebo (1:1 ratio) in a group of 3,730 patients with HF
with reduced LV ejection fraction <40% and increased
NT-proBNP [16]. Empagliflozin reduced the risk of
hospitalization for heart failure by 30% (HR 0.70; 95%
CI 0.58-0.85; p < 0.001). In addition, the incidence of
adverse renal events (required chronic hemodialysis or
kidney transplantation or persistent reduction in esti-
mated glomerular filtration rate) dropped by 50% in
the empagliflozin group (HR 0.50; 95% CI 0.32-0.77;
p <0.01). BP in the empagliflozin and placebo group was
122.6 + 15.9 and in the placebo group 121.4 + 15.4 mm
Hg, respectively; the proportion of patients with arte-
rial hypertension was 1,349 (72.4%) and 1,349 (72.3%),
respectively. No information was provided on the use of
this medication in patients with arterial hypotension.

In the DAPA-HF study, the treatment of patients with
HFrEF with and without T2DM with dapagliflozin led
to a decrease in body weight (-0.7 kg after 4 months and
-0.8 kg after 8 months, respectively, p = 0.14) and sys-
tolic BP (-1.6 mm Hg and -1.8 mm Hg after 4 months,
respectively, p = 0.43) [17]. One of the key inclusion
criteria in the DAPA-HF study was SBP 295 mm Hg.
Baseline SBP in 1,205 patients was < 110 mm Hg, in
981 patients =110 < 120; in 1,149 patients 2120 < 130;
and in 1,409 patients =130 mm Hg. Placebo-adjusted
SBP reduction from the baseline with up to 2 weeks of
dapagliflozin administration was -2.54 (-3.33 to -1.76)
mm Hg. Patients with the lowest SBP levels demon-
strated more optimistic results in reducing the number
of HF decompensations (per 100 person-years) [RR
20.6; 95% confidence interval (95% CI) 17.6-24.2] than
patients with the highest SBP values (RR 13.8; 95% CI
11.7-16.4). The benefit and safety of dapagliflozin were
similar throughout the SBP range (p = 0.78). The dis-
continuation of the study drug demonstrated no dif-
ferences between dapagliflozin and placebo groups in
the analyzed SBP categories. Dapagliflozin had little
effect on SBP in patients with HFrEF, was superior to
the placebo in HF stabilization and was well tolerated
throughout the SBP range in patients enrolled in the
DAPA-HF study [17].
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Table 2. Indications and contraindications to heart transplantation Patients to consider

| Indications |

Contraindications

Ju—

1. End-stage HF with severe symptoms, a poor

prognosis, and no remaining alternative 2.
treatment options 3.
2. Motivated, well informed, and emotionally
stable 4.
3. Capable of complying with the intensive
treatment required postoperatively 5.
Contraindications
6.
7.
8.
9.
10

Active infection
Severe peripheral arterial or cerebrovascular disease
Pharmacologic irreversible pulmonary hypertension (LVAD should be considered with
subsequent re-evaluation to establish candidacy)
Cancer (a collaboration with oncology specialists should occur to stratify each patient
as to their risk of tumour recurrence)
Irreversible renal dysfunction (e.g. creatinine clearance 35 kg/m? (weight loss is
recommended to achieve a BMI)
Systemic disease with multiorgan involvement
Other serious co— morbidity with poor prognosis
Pre- transplant BMI >35 kg/m? (weight loss is recommended to achieve a BMI
Current alcohol or drug abuse
. Any patient for whom social supports are deemed insufficient to achieve compliant care

in the outpatient setting

Note: LVAD — left ventricular assistant device, BMI — body mass index, HF — heart failure

In general, SGLPT2 inhibitors do not increase the
risk of arterial hypotension in patients with T2DM.
Therefore, possible hypotension should be considered on
a case-by-case basis, especially in patients with a history
of low BP, long-term T2DM or comorbidities [18].

Intra-aortic balloon counterpulsation (IABP) can also
be performed in patients with end-stage HE. A single-
center study (n = 56) revealed that IABP provided clini-
cal stabilization in 57% of patients before the implanta-
tion of the MCS system [2].

Despite the advances in medication management
of end-stage HF, many of these patients require heart
transplantation (Table 2). It significantly improves sur-
vival, quality of life and prognosis compared with drug
treatment. If a patient’s condition worsens, a short-term
MCS may be required as a “bridge” to heart transplanta-
tion [2]. The main limitation of heart transplantation is
the relatively small pool of donor hearts that varies from
country to country.

According to the IRODAT registry for 2018, in Russia,
the number of heart transplantations was 1.72 per 1 mil-
lion of the population. Among patients with HF in Russia
(2019), 900 individuals needed heart transplantation,
and 337 transplantations were performed [18]. In 2020,
the COVID-19 pandemic could not but have a nega-
tive impact on heart transplantation statistics. Since the
prognosis for patients with end-stage HF is extremely
poor, they often do not live to receive a heart transplant.
In this regard, the issue of drug treatment for patients
with end-stage HF while on the waiting list for heart
transplantation is extremely urgent.

This article describes the case of managing a patient
with end-stage HFrEF with severe arterial hypotension
while on the waiting list for heart transplantation.

Description of Clinical Case

In 2003, the patient, 25, was diagnosed with congeni-
tal heart disease: bicuspid aortic valve disease with severe
aortic regurgitation. The patient in severe state was hos-
pitalized at the V. I. Burakovsky Institute of Cardiac

Surgery of the A. N. Bakulev National Medical Research
Center for Cardiovascular Surgery. On admission, BP
was 105/50 mm Hg and HR — 90 bpm. Electrocardi-
ography (ECG) results revealed sinus rhythm with HR
64 bpm, left QRS axis deviation, signs of LV hypertro-
phy, incomplete left bundle branch block (LBBB), diffuse
changes in the myocardium. Echocardiography (ECHO-
CG): LVEF 30%, left atrium (LA) 4.6 cm, LV end-systolic
dimension (ESD) 8.4 cm, LV end-diastolic dimension
(EDD) 9.9 cm, LV end-systolic volume (ESV) 384 mL, LV
end-diastolic volume (EDV) 552 mL, LV stroke volume
(SV) 168 mL. Leaflets of mitral valve were thin, mobile;
anterior mitral leaflet was elongated. Aortic valve: 2 leaf-
lets, with no coaptation, ascending aorta 35 mm, at the
level of the sinus of Valsalva 51-52 mm, arch 30 mm,
descending aorta 19 mm, fibrous ring (FR) 43-44 mm,
aortic regurgitation III-IV. Ultrasound examination of
abdominal organs (US of the abdominal cavity) revealed
ascites, hepatomegaly (right lobe 143 mm, left lobe
55 mm). Aortic valve prosthetics with MIKS-27 was per-
formed, as well as left atrial appendage ligation. Recom-
mendations on discharge included warfarin 6.25 mg per
day under the control of international normalized ratio
(INR); perindopril 2 mg per day; spironolactone 50 mg
per day; hydrochlorothiazide + triamterene 25 mg +
50 mg per week; as a result, a stable course of the disease
was maintained for 12 years. LVEF increased to 47%, LV
EDD decreased to 9.2 cm.

At the age of 38, after an acute respiratory viral infec-
tion (ARVI) with catarrhal symptoms and fever up to
39 °C, the following symptoms developed: shortness of
breath with minimal physical exertion, at rest, when
talking, and asthma attacks at night. Echocardiography
revealed LVEF decrease to 23%.

From the age of 39, clinical symptoms increased;
examination revealed an enlarged liver, elevated levels
of alanine aminotransferase (ALT) up to 81 U/L, total
bilirubin up to 34 pmol/L, creatinine up to 134 pmol/L,
as well as decreased estimated glomerular filtration rate
(eGFR) (CKD-EPI) to 61 mL/min/1.73 m? Accord-
ing to ECHO-CG data, the function of the prosthesis is
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satisfactory, aortic regurgitation grade I, mitral regurgi-
tation grade III, LV EDD 9.1 cm; LV EDV 458 mL, LVEF
19%, diffusely decreased left ventricular contractility,
increased pulmonary hypertension (systolic pulmonary
artery pressure sPAP — 66 mm Hg).

Despite drug treatment in accordance with clinical
recommendations, there were complaints of shortness
of breath with minimal physical exertion and at rest,
weakness, low-productive cough; increased cytolysis
(ALT increased to 111 U/L) and decreased renal func-
tion were observed for a year. Despite indications for
cardiac resynchronization therapy (left bundle branch
block, QRS — 160 ms, CHF stage IIB, NYHA class IV,
low LVEF (19%) along with optimal drug treatment), a
cardiac contractility modulation system was implanted
as part of clinical testing. There was no subsequent
improvement in clinical symptoms; blood pressure
decrease to 85/65 mm Hg was often observed; decom-
pensations became frequent, up to four times a year,
and required hospitalization.

Nine months after implantation of the cardiac con-
tractility modulation system, there were complaints of
dull pain in epigastric and mesogastric areas, which
worsened when eating, nausea, weakness; chronic
gastroduodenitis, exacerbation of pancreatitis were
suspected. The patient was hospitalized in Gastroen-
terology Department. The patient’s state at admission
was severe. Self-care was impossible due to shortness
of breath. Body weight 64 kg, height 174 cm, BMI =
21.14 kg/m?*. Swelling of lower legs, up to the middle
third. By auscultation: vesicular breathing, decreased
in the lower parts on both sides, no rales, RR 16 per
minute. Heart sounds are clear, the sounds of the pros-
thesis are heard. Regular rhythm with HR of 60 bpm,
blood pressure 110/70 mm Hg. Dry tongue with whitish
coating. Abdomen of normal shape. Abdomen was soft
and painless on palpation. Peristalsis was heard. Stool is
regular, formed, with no pathological admixtures. Liver
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Figure 1. Electrocardiogram

is not enlarged, its lower edge of normal elasticity on
palpation, rounded edge.

Complete blood count revealed no abnormalities.
In blood biochemistry: increased total lactate dehydro-
genase (LDH) — 492 IU/L (225-450), gamma-glutamyl
transpetidase (GGTP) — 192 IU/L (9-39), alpha amy-
lase — 268 TU/L (0-220), total bilirubin — 42.0 mmol/L
(1.7-20.5), direct bilirubin — 19.00 mmol/L (0.86~5.00),
creatinine 156.8 pmol/L (eGFR (CKD-EPI) —
46.88 mL/min/1.73 m?), aspartate aminotransferase
(AST) — 89 TU/L (5-34), ALT — 58 TU/L (0-32); INR
2.5. Ultrasound examination of the abdominal organs
(US of abdominal cavity) revealed diffuse changes in
liver, pancreas; cranio-caudal size of the left lobe of liver
104 mm, thickness — 53 mm, oblique vertical size of the
right lobe — 148 mm, thickness — 105 mm, as well as
normal size, increased echogenicity and heterogeneous
structure of pancreas. Esophagogastroduodenoscopy
(EGD) revealed a presentation of superficial gastritis,
cardia insufficiency, esophageal candidiasis. Recto-,
sigmo- and colonoscopy revealed no organic pathology
of the colon.

According to the examination results, the following
diagnosis was established: chronic pancreatitis, exacer-
bation. Chronic superficial gastritis, exacerbation. Sub-
sequent laboratory tests after 14 days of treatment dem-
onstrated decreased level of transaminases: ALT 81 U/L,
AST 25 U/L, creatinine 134 umol/L (eGFR (CKD-EPI) —
57.08 mL/min/1.73 m?), total bilirubin 34.0 mmol/L,
potassium 3.9 umol/L.

On ECG during hospitalization in the Gastroentero-
logical Department, sinus rhythm was registered with
HR of 64 bpm, as well as sharp left deviation of QRS
axis, ventricular extrasystole, left bundle branch block,
repolarization disturbances in V5-6, probably due to
the overload of the left ventricle (Fig. 1 A). Periodically,
changes associated with the heart contractility modula-
tion device were observed (Fig. 1 B).
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A — parasternal position on the long axis

B — mitral regurgitation in the parasternal position
along the long axis

C — apical four-chamber position: dilatation
of the left ventricle, the optimizer electrode in
the right chambers

Figure 2 (A—C). Echocardiograms from 2018
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D — gradient on the aortic prosthesis

E — Left ventricular end diastolic volume

F — mitral and tricuspid regurgitation

Figure 2 (D—F). Echocardiograms from 2018
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Figure 2 (H—I). Echocardiograms from 2018

Holter ECG monitoring (24h ECG) revealed par-
oxysm of polymorphic ventricular tachycardia in the
form of a 4-complex pirouette. Amiodarone, potassium
asparaginate and magnesium asparaginate were added
to the treatment, which aggravated weakness, yellow-
ing of skin, nausea, vomiting. The medications were
discontinued.

ECHO-CG revealed satisfactory function of the pros-
thesis, significant dilatation of heart chambers, decreased
LV systolic function (18%), relative insufficiency of atrio-
ventricular valves.

Recommendations for outpatient treatment included
warfarin 3.625 mg per day under the control of INR
(target level 2.5-3.5), spironolactone 50 mg per day,
carvedilol 6.25 mg per day, torasemide 20 mg per day,
enalapril 2.5 mg per day. In the course of treatment, there
was no significant improvement for two months.

Cardiac resynchronization therapy with a defibrilla-
tor (CRT-D) was considered. However, due to technical

H — The maximal pressure gradient of tricuspid
regurgitation is 50.71 mm Hg; systolic pressure in
the pulmonary artery before taking sacubitril /
valsartan is 70 mm Hg.

I — The maximal pressure gradient of tricuspid
regurgitation is 27.47 mm Hg; systolic pressure in
the pulmonary artery after 2 months sacubitril /
valsartan treatment 32 mm Hg

difficulties with the cardiac contractility modulation
system, implantation of a resynchronization device was
not performed.

Decompensation of HF with liver damage, devel-
opment of hypoxic hepatitis, renal damage with the
development of CKD stage C3aAl were considered the
symptoms that led to hospitalization in the Gastroenter-
ology Department. There was a sharp deterioration two
months after discharge, with dry cough, blood-streaked
sputum. According to the results of ECHO-CG: sPAP
70 mm Hg, EF 19%, LV ESV 371 mL, LV EDV 458 mL
(Fig. 2). The patient was examined by a transplantologist
and was placed on the waiting list for heart transplan-
tation. Considering the ineffectiveness of the treatment
performed and four consecutive hospitalizations due to
CHF decompensation during the previous year, enalapril
was discontinued and, despite the tendency to arterial
hypotension, sacubitril/valsartan 12.5 mg per day was
prescribed [4, 5].
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Figure 3. Chronological sequence of the disease development

Note: EF — ejection fraction

One month after this prescription, there was an
improvement in general state, quality of life, increased
exercise tolerance, regression of symptoms and signs of
heart failure, and sPAP decreased to 53 mm Hg. Due to
the decrease in blood pressure to 90/60 mm Hg, the dose
of sacubitril/valsartan was reduced to 6.25 mg per day;
the patient continued receiving carvedilol 6.25 mg per
day, warfarin 4.375 mg per day under the control of INR,
torasemide 20 mg per day, furosemide 120 mg per day;
spironolactone was replaced with eplerenone 50 mg per
day. A month later, hydrochlorothiazide 25 mg per day
and acetazolamide 250 mg per day were added to therapy
in order to achieve euvolemia. In the course of this treat-
ment, HF was compensated, the patient started leading
an active life, became in touch with friends and family
and started tending to his garden.

Five months after starting sacubitril/valsartan, the
transplantologist expressed doubts over the need for
heart transplantation based on the clinical examination
of the patient and the results of his clinical and biochem-
ical tests. However, the patient remained on the waiting
list for this intervention.

During nine months of treatment, the patient was
stable, took care of himself, was in touch with his family,
did chores and gardening. However, despite the ongoing
therapy, the patient died suddenly (Fig. 3).

Discussion

Here is a case of HF progression in a patient after sur-
gery for congenital heart disease (bicuspid aortic valve)
during 16 years with a significant decrease in LV systolic
function to 19% and increased FC.

The described clinical presentation was fully consis-
tent with end-stage HF: the patient’s state could not be
stabilized, there were frequent episodes of HF decom-
pensation that required four hospitalizations within
12 months despite treatment with ACE inhibitors,
diuretics, MRAs.

Also, the patient tended to have arterial hypotension
for a long time. Despite systolic blood pressure of less

40 years old,

25 years, 38 years hospitalization
prosthetic old, acute 39 years old, in the
repair of the respiratory implantation gastroenterolo 9 months of Sudden cardiac
bicuspid viral of an gy department, Waiting for a . compensation death
aortic valve, infection, optimizer, EF decompensatio transplan, EF Sacubitril/val
EF 30% decompensa || 19% n of HF with 19% sartan

tion, EF liver and

24% kidney

than 100 mm Hg, a drug from the ARNI group, sacubi-
tril/valsartan, was prescribed as a “drug of last resort” at
a minimum dose in order to improve the course of heart
failure and the prognosis.

The effectiveness of sacubitril/valsartan in patients
with HF was evaluated in the multicenter random-
ized phase III study PARADIGM-HF, which included
8,442 patients with HF II-IV FC and low LVEF that
required no treatment with intravenous diuretics, with
SBP above 100 mm Hg. Patients were randomized into
groups taking enalapril 10 mg twice daily and sacubi-
tril/valsartan 100 mg twice daily, with an increase to
200 mg twice daily. The study was terminated early due
to a definite advantage of sacubitril/valsartan over the
former drug of choice — enalapril — in the form of a
20% reduction in the relative risk of mortality and hos-
pitalizations [1, 19].

The PIONEER-HF study demonstrated that the pro-
portion of patients treated with ARNT and experiencing
symptomatic hypotension was not significantly higher
than in those treated with enalapril (15% vs 12.7%, p =
0.95). Switching from an ACE inhibitor to an ARNI had
a significant beneficial effect on symptoms, morbidity
and survival [1, 3].

Hypotension is an important factor limiting the titra-
tion of drugs for the treatment of HFrEF in routine prac-
tice [3]. There is evidence that sacubitril/valsartan has
a modulating effect on blood pressure: it lowers BP in
patients with initially high values and can increase it in
patients with initially low BP [1]. Using sacubitril/val-
sartan for the treatment of patients with end-stage HF
and severe hypotension was not studied in RCTs [19, 20].
In frail elderly patients, as well as in patients with systolic
blood pressure of 100-110 mm Hg, an initial dose of
ARNI 50 mg twice daily and slow titration (6-8 weeks) is
recommended [3].

In this clinical case, despite indications for cardiac
resynchronization therapy (CRT-D), the patient under-
went implantation of a cardiac contractility modula-
tion system. Five months later, instances of multiple
organ failure increased, and LVEF did not increase.
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Figure 4. Five-step algorithm for the management of patients with arterial hypotension [3]
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In this regard, the patient was on the waiting list for
heart transplantation; the corresponding indication was
end-stage HF (significant changes in hemodynamics and
severe (irreversible) structural changes in target organs:
heart, lungs, blood vessels, brain, kidneys).

The replacement of enalapril with sacubitril/valsar-
tan in this case was a “treatment of last resort”, which was
prescribed despite the presence of arterial hypotension.
Due to the “microdoses” (6.25 mg per day) of this agent,
the patient’s general state and quality of life improved;
HF was compensated and hospitalizations for HF could
be stopped. New oral inotropes, OM and vericiguat, were
not recommended for this patient due to the unavailabil-
ity of these agents in our country.

In 2020, the ESC working group developed a five-
step algorithm for the drug treatment of patients with
HFrEF in the presence of hypotension (Fig. 4). Accord-
ing to the algorithm, at the first stage, careful monitoring
of BP and assessment of the relationship between low BP
and clinical symptoms are recommended. At the second
step, the discontinuation of several drugs in patients
with HF and arterial hypotension, i.e. slow calcium
channel blockers (SCCBs), alpha blockers, etc., taken
for comorbid pathologies (glaucoma, benign prostatic
hyperplasia, etc.) should be considered. At the third step,
the dose of diuretics should be reduced. At the fourth
step, dose reduction/withdrawal of the main groups of
drugs for the treatment of CHF is considered depend-
ing on the clinical profile of the patient. For patients
with GFR < 30 mL/min/1.73 m? and/or hyperkalemia,
ACE inhibitors/ARA/ARNI/MRA should be discontin-
ued. For patients with bradycardia, the BB, digoxin dose
should be reduced/discontinued; the implantation of a
pacemaker should be considered. At the fifth step, man-
agement of a patient should be discussed at a case confer-
ence [3].

There were no attempts to prescribe SGLPT?2 inhibi-
tors to the patient because, during the management of
the patient, CHF was not indicated for them in our
country.

Conclusion

Sacubitril/valsartan is the drug of choice for the
treatment of patients with chronic HFrEF II-IV FC and
should be used in combination with other agents (beta
blockers, aldosterone antagonists) [1, 4, 21]. The dis-
cussed clinical case demonstrates the experience of pre-
scribing sacubitril/valsartan for a patient with end-stage
heart failure accompanied by severe arterial hypoten-
sion, which allowed to stabilize the patient’s condition
for nine months. In patients with failure of standard drug
therapy for HE, careful dose titration of sacubitril/valsar-
tan under close clinical and laboratory control may be
performed; it may increase the chance of survival until
surgery for patients on the waiting list for heart trans-
plantation. RCTs should be conducted to investigate the

possibility of prescribing low doses of sacubitril/valsar-
tan for patients with hypotension associated with severe
HF in order to reduce the severity of clinical symptoms
and improve prognosis; this prescription can be per-
formed simultaneously with new inotropes. Due to a
large number of patients with arterial hypotension, the
prescription of sacubitril/valsartan in low doses of 25,
12.5 and 6.25 mg is advisable.
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A Case of Complete AV Blockade
in Patient with Lyme Borreliosis

PesoMe
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Abstract

Lyme disease (tick-borne borreliosis) is an infectious vector-borne natural focal disease that tends to a chronic and recurrent course with a predominant
damage to the skin, nervous system, musculoskeletal system and heart. Cardiac features is manifested, as a rule, by a involvement of the conducting
system as varying degrees of atrioventricular block, Bundle-branch block, dysfunction of the sinoatrial node. In case of untimely diagnosis and etiotropic

treatment of tick-borne borreliosis, chronic lesions of the cardiac conduction system may occurs and implantation of a pacemaker may be required.
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Introduction

Lyme disease (tick-borne borreliosis, chronic ery-
thema migrans) is an infectious vector-borne natural
focal disease caused by gram-negative spirochetes of the
Borrelia genus. Tick-borne borreliosis is characterized
by predominant damage to the skin, nervous, cardiovas-
cular and musculoskeletal systems [1, 2]. Not only Russia
but the whole world has recently seen an increase in the
incidence of Lyme disease [1-3].

Human infection is mostly the result of a bite by
an infected ixodid tick (Ixodes persulcatus and Ixodes
ricinus are of major epidemiological importance in our
country) in the area of the neck, chest, armpits, ingui-
nal folds, i.e. in areas with thin skin and abundant blood
supply. In most cases, attachment to the human body
goes unnoticed since tick saliva contains anesthetic,
vasodilator and anticoagulant substances. A person starts
feeling rawness and itching at the site of the bite in at
least 6-12 hours. Early removal of ticks prevents human
infection if there is an infection in the tick’s gastrointes-
tinal tract [2]. The causative agent of Lyme disease can be
transmitted through tick feces when they come into con-
tact with human skin. Cases of mechanical transmission
during accidental crushing of ticks when removing them
from animals, as well as the alimentary route — when
drinking raw milk (primarily goat milk) or dairy prod-
ucts without heating — cannot be excluded [2, 3].

The causative agent migrates from the place of inser-
tion with the flow of lymph and blood to internal organs,
joints, lymph nodes, with possible involvement of menin-
ges in the inflammatory process, and causes a cascade of
immunopathological reactions. The causative agent can
persist in the body for a long time (more than 10 years),
mostly in the lymphatic system. Immunity in case of
Lyme disease is non-sterile with possible re-infection
after 5-7 years [1, 2]. Processes associated with the accu-
mulation of specific immune complexes in the synovial
membrane of the joints, dermis, kidneys, myocardium
are critical in the pathogenesis of tick-borne borreliosis.

Today, 0.3% to 4% of Lyme disease cases develop with
cardiac involvement, and its incidence in children can be
as high as 30% [3, 4]. Myocardial damage usually mani-
fests as damage to the conducting system in the form of
atrioventricular (AV) block of different grades (in 49% of
cases — grade 3 AV block), intraventricular block, dys-
function of the sinoatrial node, extended QT interval and
nonspecific changes in the T wave. Myocarditis and peri-
carditis in Lyme disease are much less common [3-6].

In actual clinical practice, delayed organ damage in
case of Lyme disease requires vigilance and differential
diagnosis. We present a description of a clinical case of
a patient with a newly diagnosed complete AV block,

Py
L4

which was a manifestation of myocardial damage with
Lyme disease.

Description of Clinical Case

Patient Sh., male, 24, was admitted on August 05,
2019 to the Department of Cardiac Surgery and Heart
Rhythm Disorders of the Ulyanovsk Regional Clinical
Hospital (URCH) with complaints of weakness, dizzi-
ness and syncope attacks. According to the history, from
August 01,2019, the patient noted dyspnea and rare pulse
up to 34 bpm, headache, syncope — twice, vomiting and
discomfort in the epigastric region, episodes of severe
dizziness. With these complaints, the patient visited the
State Healthcare Institution “Cherdaklinskaya Central
District Hospital”, where an electrocardiographic (ECG)
study revealed complete AV block, and the patient was
transferred to the URCH. The epidemiological history
indicates a tick bite in May 2018 in the patient’s area of
residence (Cherdaklinsky district), which was found by
chance during self-examination. The patient did not seek
medical assistance; the tick was not sent for testing for
Borrelia infection; the patient did not notice the develop-
ment of erythema and fever.

Upon admission of patient Sh., examination revealed
pale annular erythema on the skin of the right side of
the abdomen (5 cm in diameter) and on the right fore-
arm (6 cm in diameter) (Fig. 1). Lymph nodes were not
palpable. Vesicular breathing in lungs, no rales. Respira-
tory rate 18 per minute. Heart tones were muffled, heart
rate (HR) — 40 per minute, blood pressure — 130 and
80 mm Hg on both arms. Abdomen was soft and painless
during palpation. No peripheral edema.

Complete blood count on August 05, 2019: hemoglo-
bin — 134 g/L, RBC — 4.7 x 10"%/L, WBC — 9.2 x 10°/L
(neutrophils — 60.6%, lymphocytes — 25.6%, mono-
cytes — 12.2%, eosinophils — 1.2%, basophils — 0.4%),
platelets — 185 x 10°/L, ESR — 34 mm/h (due to the ongo-
ing infectious process). Blood biochemical test on August
05, 2019: total protein — 65 g/L, albumin — 36 g/L,
urea — 4.8 mmol/L, creatinine — 86.1 umol/L, alanine
aminotransferase — 95 IU/L (more than two upper limits
of the norm (< 41 IU/L) is not diagnostically significant),
total bilirubin — 13 pmol/L, glucose — 4.84 mmol/L, total
cholesterol — 3.72 mmol/L, potassium — 4.4 mmol/L,
sodium — 140 mmol/L, lactate dehydrogenase (LDH) —
227 U/L (130-235 U/L), creatine kinase (CPK) — 94.7 U/L
(24-195 U/L), CPK-MB — 8.5 U/L (< 171 U/L), tropo-
nin — negative. Coagulogram revealed no abnormali-
ties: prothrombin time — 10.7 seconds, activated partial
thromboplastin time — 35.7 s, international normalized
ratio — 0.95, fibrinogen — 1.5 g/L.
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Figure 1. Annular erythema (A — in the skin of the right
forearm, b — in the skin of the abdomen)

Blood test for thyroid hormones on July 01,
2019 revealed no abnormalities: thyroid stimulating hor-
mone (TSH) — 1.07 pIU/L (0.3-4.2 uIU/mL), free thy-
roxine (T4) — 14.93 pmol/L (10.8-22.0 pmol/L).

Test for C-reactive protein on August 05,2019 showed
an increase up to 24 mg/mL in connection with an infec-
tious process. During treatment, C-reactive protein sub-
sequently decreased to 5 mg/mL on August 13, 2019.

No antibodies to human immunodeficiency virus,
total antibodies to hepatitis C virus (anti-HCV), hepa-
titis B virus surface antigen (HBs Ag) were found in the
samples on August 06, 2019.

Blood serum test for antibodies to tick-borne borrelio-
sis (Borrelia burgdorferi) on August 09, 2019 revealed
positive titers of Ig G — 2.142 U/L and IgM — 3.223 U/L
(reference range of positive results — more than 1.11 U/L).

According to echocardiography results on August
05, 2019, no pathology was found: heart valves without
changes, mean pulmonary arterial pressure — 15.7 mm
Hg, diameter of ascending aorta — 28 mm, end dia-
stolic diameter of the left ventricle (LV EDD) — 58 mm,
LV posterior wall — 8 mm, interventricular septum —
8 mm, LV ejection fraction — 74%; pericardium without
changes; local contractility is not impaired.

An ultrasound examination of abdominal organs and
kidneys on August 05, 2019 revealed an enlarged liver due
to the right lobe — 172 mm, left lobe — 62 mm; the struc-
ture was fine-grained, irregular echogenicity, a calcifica-
tion up to 1 mm in segment 8; portal vein was not dilated.
Gallbladder, pancreas, spleen, kidneys within normal.

Figure 2. Results of 24-hour ECG
monitoring (08.05.2019). Sinus
rhythm with complete AV block
was observed with an average
heart rate of 44 beats / min. (from
28 to 73 beats / min.) during the
monitoring
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Holter ECG monitoring (24h ECG) on August 05,
2019 showed that average HR during daytime was
44 bpm, at night — 45 bpm. Circadian index (CI) — 98%,
decreased (< 120%), indicating “rigid rhythm” Mini-
mum HR was 25 bpm while awake. During monitoring,
sinus rhythm with complete AV block with average HR
of 44 bpm was observed (28-73 bpm). A non-patholog-
ical number of ventricular extrasystoles was registered.
There were 392 pauses with RR interval duration of up to
2.9 s. Average corrected QT interval per day was 416 ms
(322-517 ms). No significantly prolonged corrected QT
interval was registered (Fig. 2).

Follow-up 24h ECG on August 15, 2019 revealed sinus
rhythm, average HR during daytime was 60 bpm (43—
120), average HR at night was 45 bpm (39-66). 15 single
ventricular extrasystoles, 26 single atrial extrasystoles,
4 paired atrial extrasystoles and 4 group atrial extrasystoles
were registered. Maximum pause due to grade 2 sinoatrial
(SA) block at night was 2,092 ms. During monitoring,
grade 1 AV block was registered, maximum PQ interval
was 232 ms during daytime and 212 ms at night.

The patient was examined by an infectious disease
specialist (September 10, 2019); based on the complaints,
history, examination data, laboratory tests and instru-
mental examinations, the clinical diagnosis of Lyme
disease (tick-borne borreliosis) was established. Car-
diac type, chronic recurrent course. Transient complete
AV block with syncopal conditions. In accordance with
the clinical guidelines [1], treatment with antibacterial
agents (locally-manufactured doxycycline, 200 mg/day,
14 days) was prescribed.

During treatment, positive changes were registered:
24h ECG in a month revealed full restoration of AV
conduction.

Follow-up outpatient 24h ECG on September 19,
2019 revealed sinus rhythm, average HR during daytime
was 77 bpm (52-144), average HR at night was 54 bpm
(47-75). There were 52 single ventricular extrasystoles,
1 paired monomorphic ventricular extrasystole, 5 single
atrial extrasystoles, 4 pauses due to grade 2 SA blockade
at night, maximum pause was 1,620 ms (Fig. 3).
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In accordance with the clinical guidelines, the patient
has been undergoing follow-up by an infectious disease
specialist and general practitioner in the local clinic for
three years.

Discussion

First manifestations of Lyme disease may develop
several months or even years after infection when clini-
cal signs and patterns typical for chronic infection
are observed [1]. In the presented clinical case, organ
damage appeared four months after the tick bite.

Diagnosis of Lyme disease can be considered justi-
fied in the presence of epidemiological data (being in an
endemic region in the spring-summer period, the fact
of a tick bite, duration of incubation period), migra-
tory erythema around the tick bite, as well as features
of the clinical presentation and development changes
that are typical for this disease [1, 2]. Due to the signifi-
cant clinical polymorphism and a significant percentage
of non-erythema forms (46.4%) [7], the final diagnosis
should be confirmed by immunological and/or molec-
ular genetic tests [8]. Enzyme-linked immunosorbent
assay is the method most widely used in clinical practice.
It allows determining IgM and IgG antibodies to tick-
borne borreliosis (in blood serum, cerebrospinal fluid,
intraarticular fluid) [1, 2].

The patient in the described clinical case had an
epidemiological history; on examination, annular ery-
thema was observed; there were symptoms of myocardial
damage in the form of conduction disorders. The diag-
nosis was also confirmed by a laboratory test — positive
titers of antibodies to tick-borne borreliosis

Cardiac damage in case of Lyme disease in the form
of AV block is usually reversible; the normal function
of the conducting system is restored within a few days
(up to a week) [9]. However, in case of late diagno-
sis and without etiotropic treatment, the process may
become chronic, and damage to the cardiac conduc-
tion system may progress rapidly and require intensive
treatment [4-6].
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Etiotropic treatment for Lyme disease includes anti-
biotic therapy (tetracyclines, penicillins, cephalospo-
rins) [1]. The earliest possible administration of agents is
required to achieve maximum efficacy and prevent organ
damage. In the chronic form of disease, repeated courses
of antibiotic therapy are recommended [1, 10].

Differential diagnosis of the causes of AV block and
antibiotic therapy in the presented clinical case prevented
pacemaker implantation, which is often (up to 30%)
required in the absence of timely etiotropic treatment for
Lyme disease [4, 5, 11]. Attention should be given to the
development of a scale that makes it possible to suspect
“Lyme carditis” — The Suspicious Index in Lyme Carditis
(SILC) score, which includes “constitutional symptoms”
(fever, weakness, arthralgia, dyspnea), epidemiologi-
cal history (being in an endemic region, tick bite), male
gender, age under 50, presence of erythema migrans.
According to the SILC, a serologic test for Lyme disease
is performed at moderate to high risk, as well as empiric
antibiotic therapy [4].

If there is organ damage, the follow-up of patients
with confirmed tick-borne borreliosis should be car-
ried out once every three months during the first year,
once every four months during the second year and once
every six months during the third year. According to
clinical indications, consultations of specialist physicians
or instrumental examination of patients should be per-
formed [1]. In this case, considering Lyme disease of the
cardiac type, the patient was recommended to undergo
follow-up once every three months.

Conclusion

The presented clinical case demonstrates the need
for the clinician’s vigilance in diagnosing delayed organ
damage in Lyme disease. The established diagnosis
and treatment performed made it possible to avoid the
implantation of a pacemaker in a young patient with
Lyme disease of the cardiac type. However, considering
the chronicity of this disease, follow-up is required.
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