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CARDIOTOXIC CHEMOTHERAPY: PRELIMINARY RESULTS
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ABSTRACT

BACKGROUNBD: Chronic cardiac failure belongs to the most threatening and delayed manifestations of
cardiotoxicity in oncology patients receiving the treatment with antitumor medicines. As of today, only two
groups of drugs were proven to have significant cardioprotective effects in these categories of patients:
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers and beta-adrenergic blockers.
Recently, the first data were published on the successful use of sodium-glucose cotransporter type 2
inhibitors in patients with chronic cardiac failure, receiving anthracycline therapy. AIM: optimization of
cardioprotective therapy in the treatment of chronic cardiac failure in oncology patients receiving cardiotoxic
chemotherapy. METHODS: A prospective observational open-label research was carried out with an
enrollment of 116 oncology patients with verified chronic cardiac failure, which were receiving cardiotoxic
chemotherapy, of which 60 patients of the control group were receiving double cardioprotective therapy
(angiotensin-converting enzyme inhibitors/angiotensin receptor blockers) and the 56 patients of the test
group were receiving similar therapy with an addition of Dapagliflozin at a dosage of 10 mg once daily in the
morning. The controls of the results were conducted in 6 months by means of laboratory and instrumental
examinations, as well as by using additional methods of controlling the results. RESULTS: The groups
compared did not differ by the combined primary clinical endpoint (the rate of hospitalizations due to
cardio-vascular reasons, the refusal to undergo chemotherapy for the reason of chronic cardiac failure
progression and the safety of using the drug products: the presence of urinary tract infections and sepsis),
but they differed by the surrogate clinical endpoints that included the dynamic trend of the levels of the
groups compared did not differ by the combined primary clinical endpoint (the rate of hospitalizations
due to cardio-vascular reasons, the refusal to undergo chemotherapy for the reason of chronic cardiac
failure progression and the safety of using the drug products: the presence of urinary tract infections and
sepsis), but they differed by the surrogate clinical endpoints that included the dynamic trend of the levels
of N-terminal prohormone of brain natriuretic peptide (NT-proBNP) and the global longitudinal strain (GLS)
of the left ventricle, determined within the timeframes established for the research — before the initiation
of chemotherapy and in 6 months. The patients that have passed all the control tests (n=47), after the end
of the 6 months period, underwent a comparison of the levels of troponin T, left ventricle ejection fraction
(LVEF), NT-proBNP and GLS. It was found that the dynamic changes of troponin T levels in both groups did
not significantly differ (p=0,260), as well as the LVEF indicator (p=0.340), while the NT-proBNP level was
significantly decreasing in the test group — by 7.8% comparing to the control group (p=0.006). Comparable
data were obtained for the GLS (the decrease in the test group by 6.5% in relative values) comparing to
the control group (p=0.008). In 22/47 (46,8%) patients, chronic cardiac failure was diagnosed before the
initiation of chemotherapy, in 25/47 (53,2%), chronic cardiac failure was developing during the antitumor
medication therapy. In both groups, a total of 17 (16%) fatal outcomes were registered, none of which was
caused by the cardiac failure. CONCLUSION: We suppose that the decrease in the levels of the cardiac
failure marker and the less intensive impairment of the left ventricle longitudinal strain with a background
of adding sodium-glucose cotransporter type 2 inhibitors to baseline therapy for chronic cardiac failure in
oncology patients receiving cardiotoxic chemotherapy, reflects their cardioprotective potential. Thus, the
sodium-glucose cotransporter type 2 inhibitor Dapagliflozin slows down the progression of chronic cardiac
failure in oncology patients receiving cardiotoxic chemotherapy.

Keywords: cardio-oncology; cardiotoxicity; cardioprotection; chronic heart failure; sodium-glucose
cotransporter type 2 inhibitors.
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OPUTUHAJIbHOE NCC/TIEAOBAHUE

NMPUMEHEHUE NHTUBUTOPOB HATPUU-TJIIOKO3HOIO
KOTPAHCIMOPTEPA 2-TO TUMNA C LUEJNIbIO IEYMEHUNA
XPOHUYECKOW CEPAEYHOWN HEAOCTATOYHOCTU

Y OHKOJIOTMYECKUX BOJIbHbIX, MOJIYYAIOLWNX
KAPANOTOKCUYHYIO XMMUOTEPATNMUIO:
NMPEABAPUTEJIbHDIE PE3YJIbTATbI

A.K. NMepecapa, A.MN. AyHaya, A.l. Keagposa, U.H. OneniHukoBa, A.B. CanumoBa
CDenepaanbllh Hay‘-lHO-KJ'IMHW-IeCKVIVI LIeHTP crneunann3npoBaHHbIX BUOOB Me,EWILI,I/IHCKOVI oMol n MeguUnNHCKNX TeXHOJ‘IOFI/IVI,
Mockgea, Poccus

AHHOTALMUA

O60ocHoBaHue. XpoHN4eckasi cepgeqHas HeoCTaTO4HOCTbL OTHOCUTCS K HamboJsiee rpo3HbIM v no34-
HUM MPOSIBICHUSIM KapANOTOKCUYHOCTU Y OHKOBOJIbHbIX MPY IEYEHU MPOTUBOOMYX0/IEBLIMU rpernapa-
Tamu. Ha cerogHsWwHWA feHb nlib 4Be rpynbl npenaparoB JoKasaam 3Ha4uMble KapAuorpoTeKTUB-
Hble 3¢DPEKTbI Yy 3TON KaTeropuy nauneHToB: UHrIMONTOPbI aHMMOTEH3UHITPEBPALLaloLLEro hepmeHTa/
6/10KkaTopb! PeLernTopoB aHrMOTEH3UHa 1 beTa-aapeHob10KaTopbl. HeaaBHO NosiBUANCH NePBbIe AaH-
Hble 006 yCreLHOM MPUMEHEHNN NHIMOUTOPOB HaTPUI-r/IOKO3HOIro KOTpaHcrnopTepa 2-ro tvna y na-
LMEHTOB C XPOHUHYECKOW CEPAEYHON HELOCTATOYHOCTbIO, KOTOPbIE HaxO4saTCsl Ha Teparnuy aHTpauuK-
nmHamy. Lenb nccnegoBaHmnsi — oUeHUTb 3hHEKTUBHOCTE ganar/ingio3vHa B KOMIIEKCHOM Kapamno-
MPOTEKTUBHOW Tepanuy XPOHUYECKON CephedyHON HeELOCTATOYHOCTU Y OHKOJIOMMYECKNX BOJIbHbIX, M0-
JlyHarLmnx KapanoTOKCUYHYIO xumuoTepanuio. Merogbl. [TpocrnekTnBHoe HabogaTe/lbHOe OTKPbLITOE
uccnenoBaHue, BKIoYMBLUEE 116 OHKOIOrMYECKUX MaUMeHTOB C BepUpULMNPOBAHHON XPOHUYECKOM
cepAeyHoN He[oOCTaTOYHOCTbIO, KOTOPbLIE MOJyYan Kap[UOTOKCUYHYIO XUMUOTepanuio, n3 Hux 60 na-
LMEHTOB KOHTPOJIbHOW rPyrrbi M0JyYanu JBOVIHYIO KapAuOnpOTEKTUBHYIO Tepanuto (MHrmbuTopb! aH-
rMoTeH3nHNpeBpaLyarLero hepmeHTa/b10KaTopbl peLernTopoB aHrMoTeH3nHa, 56 nayneHToB rpynmnsi
nccne[oBaHns — aHaJIorMyHyro Tepanumio ¢ gobassieHnem ganarnngaosvHa B gose 10 mr 1 pas yTpom.
KoHTpoib pe3ynbTaTtoB npoBoanIcs Yepesd 6 MecsiLeB C MOMOLLYbHO /1a60PaTOPHbIX M UHCTPYMEHTa/IbHbIX
METOA0B UCC/Ie[0BaHUs, a TakXXe [OrMOJIHUTE IbHbIX METOAO0B KOHTPOJI5. Pe3ynbtartbl. [pyrinbl cpaBHe-
HUSI HE Pas/in4yaanch Mo KOMOUHMPOBAHHOM NEPBUYHON K/IMHNYECKON TOYKE (YacToTa rocnutannsaymm
o cephevyHo-CcoCy[nCTbIM MNPUYMHaM, OTKa3 OT XUMMOTepanuu o rpuYuHe rnporpPeccupoBaHns Xpo-
HUYECKOU CcepaevYHoOr He4OCTaTOYHOCTH, 6BE30MacHOCTh NMPUMEHEHUS ripernapara: Haan4me NH@GeKUun
MOUYErosIoBbIX MyTeN v Cercuca), Ho pas/im4yasance Mo CypporaTHbiM KIMHUYECKUM TOYKaM, AUHaMyKe
YPOBHEN MO3roBoro rpegcepgHoro Hatpuiypetndeckoro nentuga (NT-proBNP) n npogosisHoi gegop-
mauum muokapaa n1esoro xenygodka (GLS), onpenensieMbix B perfiaMeHTUpOBaHHbIE UCC/Ie40BaHNEM
CPOKW — riepes HavyasaoM xumuoTtepanuy v Yyepes 6 mecsiyes. lNayneHTam, npoLueaLLInM BCe KOHTPO/Ib-
Hble mcceaenoBaHus (n=47), no ncrevyeHun 6 MecsiLieB rnpoBEe[EHO CPAaBHEHMNE YPOBHEN TPOMOHUHA T,
paxkymm Bbibpoca nesoro xenygoyka (@B JIXK), NT-proBNP n GLS. OTme4deHo, 4TO guHammka Tporio-
HuHa B 0beux rpyrnnax 3Ha4mmo He otimyanacsk (p=0,260), Takxe kak n nokasaresib OB JI)K (p=0,340),
a yposeHb NT-proBNP 3Ha4uMoO CHvXKaJsICs B rpyrnne uccaegoBaHuns Ha 7,8% B CpaBHEHUMN C KOHTPO/Ib-
Howi rpynnod (p=0,006). Cornoctasumbie faHHbIe Gblv noay4eHsl u no GLS (CHukeHue B rpyrnmne nc-
caefoBaHus Ha 6,5% B OTHOCUTE/IbHbIX 3HAYEHUSIX) 10 CPABHEHWIO C KOHTPOJIbHOM rpyrnno (p=0,008).
Y 22/47 (46,8%) naymeHTOB bbiia XPOHNYECKasi CepheYHasi He4OCTaTO4YHOCTb 40O Havasia rnpoBefeHus
xumuoTtepanuu, y 25/47 (53,2%) xpoHn4deckas cepaevHasi HeOCTaTO4YHOCTb BO3HUKIIA B rpoLecce npo-
TUBOOIYXOJ1IEBO IEKapPCTBEHHON Teparun. B obenx rpyrnnax 3apernctpmposBaHo 17 (16%) netanbHbix
ncxo[oB, U3 HUX HU OFHOMO MO MPUYYHE CEepAeYHOUN He[OCTaToYHOCTH. 3akrodeHune. Mbi nonaraem,
4YTO CHWXKEHUE MapKepa CepAeqHON HE4OCTAaTOYHOCTY U MEHEE BbIPaXKeHHOE HapyLUEHUE MPO[0bLHOM
Aecopmaumm 1eBoro Xxesygodka Ha ¢oHe [obaBIeHNss MHMMOUTOPa HaTpPUKi-riItoKO3HOro KOTPaHCop-
Tepa 2-ro tuna ganarsmgio3uHa K 6as3vcHON Teparnnm XPOHUYECKOW CephedyHON He[oCTaTO4YHOCTU
Y OHKOJIOrMHYECKUX 60JIbHbIX, M0J1y4aroLLnNX KapanOTOKCUHECKYH XUMUOTEParui, OTPaxaeT ux Kapamo-
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MPOTEKTUBHLIV roTeHuman. Takum obpasom, AobaBfeHne K Tepanum uHrmeuTopa HaTpui-riitoKO3HOro
KOTpaHcrnopTepa 2-ro Turna MOXeT 3aMefIsiTb MPOrpecCcupoBaHmne XpOHNYECKON Cepae4yHoN HeqocTa-
TOYHOCTU Y OHKOJIOrNM4eCKNX 60/7beIX, rnosny4yaroLymnx KapagnoToOKCNYeCKyro XumMmnoTteparur.

Knro4deBble cnoBa: KapaNoOHKOJIOMs; KapANOTOKCUYHOCTb, KapANOonpOTEKLMS; XPOHUYECKas cepaey-
Hasi HeOCTaTOYHOCTb,; MHIMONTOPbLI HATPUIA-ITIIOKO3HOIO KOTpaHcrnopTepa 2-ro tvna.
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BACKGROUND

Chemotherapy is successfully used for the
treatment of malignant neoplasms, at the same time,
a number of medicines induce toxic effects in the
cardiac muscle, resulting in the death of cardiomyocytes,
decreased contractility and cardiac rhythm disorders,
which leads to developing various diseases of the
cardiovascular system [1].

Chronic heart failure belongs to the most threatful
and delayed manifestations of cardiotoxicity in the
treatment of antitumor medicines. Chronic heart
failure, in case of its development or progression, not
only significantly affects the quality of life of the patient,
even in cases of successful treatment of malignant
neoplasms, but also deteriorates the expected lifetime
of the patient [2], and, in a number of cases, compels
to interrupt the chemotherapy cycle or to slow it down
significantly.

At the present moment, in cancer patients receiving
cardiotoxic chemotherapy, only two classes of agents
have proven their efficiency in the treatment and
prevention of chronic cardiac failure — inhibitors of
angiotensin-converting enzyme/angiotensin receptor
blockers and beta-adrenergic blockers [3] or their
combinations [4]. Gradually, the data is being
accumulated on the successful use of the combination
of neprilysin receptor inhibitor and of the angiotensin
receptor blocker (Sacubitril/Valsartan) in cancer
patients with chronic cardiac failure [5, 6]. First data
were also obtained on the successful use of inhibitors
of sodium-glucose cotransporter type 2 in cancer
patients with diabetes mellitus receiving therapy with
anthracyclines [7].

Research aim — optimization of the cardioprotective
therapy in the treatment of chronic cardiac
failure in cancer patients, receiving cardiotoxic
chemotherapy.

METHODS

Research design

A prospective observational open-label research
was conducted, involving 60 cancer patients with
verified chronic cardiac failure, which were receiving
cardiotoxic chemotherapy and double cardioprotective
therapy: Bisoprolol at a dosage of 1.25 mg once
daily in the morning and Perindopril at a dosage of
2.5 mg once daily in the morning (Control group, the
dosages were adjusted, if necessary, depending
on the blood pressure and heart rate values), along
with 56 cancer patients, which were receiving similar
therapy with an addition of Dapagliflozin at a dosage
of 10 mg once daily in the morning (test group). The
controls of the obtained results were arranged after
6 months due to the fact that the patients had a high
comorbidity background, and the majority of patients
had stage IV of the oncology disease and, as a result,
they had a small life expectancy. During the course
of the research, 3 patients were excluded. Failure to
timely undergo control check-ups (established by the
research protocol) was reported for 9 patients. In the
control group, after a 6 months period, 24 patients
have completely passed all the research controls,
while in the test group the number was 23 patients. The
patients were distributed using block randomization at
a ratio of 1:1. Statins were not included into the therapy
scheme due to the absence of proven evidences of
their efficiency to the moment of enroliment into the
research.

The research design is provided in Fig. 1.

Conformity criteria

Inclusion criteria: consent obtained from the patient
for the participation in the research; patients aged from
18 to 85 years; any stage of the oncological disease;
presence of chronic cardiac failure class |-V according
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Patients with verified chronic cardiac failure, receiving chemotherapy medications

Control group (n=60):
angiotensin-converting enzyme inhibitor /
sartane + B-blocker

Test group (n=56):
angiotensin-converting enzyme inhibitors /
sartane+ B-blocker + inhibitor of sodium-glucose
cotransporter type 2

up to the time point of 6 months

1/60 excluded, 5/60 did not pass the controls;
n=54, of which expecting control results — 20;
fatal outcome — 10

2/56 excluded, 4/56 did not pass the controls;
n=50, of which expecting control results — 20;
fatal outcome — 7

after 6 months

Fig. 1. Study design.

to the classification issued by the New York Heart
Association (NYHA), which was defined as an elevation
of the levels of N-terminal fragment of cerebral natriuretic
peptide (N-terminal prohormone of brain natriuretic
peptide, NT-proBNP) >300 pg/ml in the absence of
atrial fibrillations or >900 pg/ml in case of having atrial
fibrillations in the individuals aged under 75 years old,
for the patients older than 75 years — >450 pg/ml,
as well as the presence of clinical-instrumental data,
which includes the analysis of the functional status of
the patient, echocardiography data and clinical signs
(including shortness of breath, the noncardiac origin
of which has been ruled out); estimated glomerular
filtration rate calculated using the CKD-EPI formula —
>30 ml/1.73 m? per minute; blood pressure above the
levels of 100/60 mm. Hg.; patients with diabetes mellitus
type 2 and or without diabetes. It should be noted that,
during the initial stage of the research, there were no
indications for prescribing Dapagliflozin in patients with
chronic cardiac failure without diabetes mellitus and the
patients that had no diabetes mellitus were included
already during the on-going research. The patients were
enlisted into the research during the first chemotherapy
cycle or during further chemotherapy cycles upon the
verification of chronic cardiac failure already during the
course of therapy.

Exclusion criteria: refusal of the patient to participate
in the research; patients aged less than 18 years and
more than 85 years; absence of chronic class I-IV
cardiac failure acc. to NYHA classification; acute heart
failure at the decompensation stage, requiring the

n=23

intravenous administration of diuretics, vasodilating
agents, inotropic agents or mechanical support of
circulation within the 1st hospitalization week; acute
myocardial infarction, major cardiac surgeries, as well
as transitory ischemic attack or stroke episode during
the last 3 months; glomerular filtration rate (calculated
using the CKD-EPI formula) values of <30 ml/1.73 m?
per minute; arterial hypotension (blood pressure below
the levels of 100/60 mm. Hg.); acute infectious diseases;
autoimmune diseases.

Research facilities

The treatment and follow-up procedures were
carried out within the premises of the Federal
State Budgetary Institution “Federal Scientific and
Clinical Center for Specialized Types of Medical
Care and Medical Technologies” of the Federal
Medical-Biological Agency of Russia (FSBI FSCC of
the FMBA).

The patients were selected from two departments —
the Oncology Department No. 1 and the Department of
Antitumor Medication Therapy.

The procedures of controling the compliance
(passing all the control points) were carried out at the
Federal State Budgetary Institution FSCC of the FMBA
and remotely within the medical institutions at the place
of residence.

Research duration
The recruitment of patients was conducted during
the time period from December 2021 until December
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2023 (inclusive). The data provided includes the
patients with a status description compiled to the date
of 01.08.2023.

Medical procedure description

After receiving an informed consent, the patients
were enlisted to participate in the research and
underwent long-term follow-up procedures. The
whole spectrum or required tests was divided into the
laboratory and the instrumental ones. As the primary
documentation, the medical records of the patients
were analyzed: initial examination, examinations by
dedicated specialists, laboratory and instrumental
findings. Then followed the additional examination
within the framework of the claimed protocol of
collecting all the necessary data.

Laboratory tests. All the patients (before the
initiation of chemotherapy) had their blood samples
collected for performing the following laboratory
tests: clinical hematology panel, blood biochemistry
panel, coagulation panel, determination of the levels of
troponin T and NT-proBNP in blood plasma, the last
one was the clinical urinalysis. The NT-proBNP levels
were determined before the initiation of chemotherapy
and after 6 months. The troponin T blood tests were
carried out before each chemotherapy cycle.

Instrumental examinations. All the patients
underwent two-dimensional echocardiography with
an estimation of the left ventricle ejection fraction
using the Simpson’s method and with the obligatory
measurement of the global longitudinal strain of
the myocardium (GLS) using the General Electric
Vivid 7 equipment. These parameters were also
tracked before the initiation of chemotherapy and after
6 months. The routine measurements in all the patients
included the electrocardiogram readings with using
12 leads before each chemotherapy cycle. Besides,
for the purpose of evaluating the treatment efficiency
and for the objectivization of symptoms, at the end of
the 6 months period, all the patients had filled in the
modified Kansas City Cardiomyopathy Questionnaire
(KCCQ), which allows for objectifying the presence of
symptoms of chronic cardiac failure, its severity and
dynamic changes during the whole follow-up period.
All the patients have also underwent a Six Minute Walk
Test for the purpose of defining the functional class of
chronic cardiac failure.

Research outcomes
During the course of the research, the following
primary (combined) endpoint was evaluated:

hospitalization due to cardio-vascular reasons,
cessation of chemotherapy for the reason of progressive
chronic cardiac failure, safety of using the therapeutic
agent: the presence of urinary tract infection or sepsis.
Secondary endpoint: total clinical index, which is
defined as the functional status of the patient and
the sum of factors, determining the quality of life and
social restraint. The surrogate endpoints (evaluation
of dynamic changes in the levels of NT-proBNP,
troponin T, left ventricle ejection fraction and GLS)
were measured within the timeframes established for
the research — before the initiation of chemotherapy
and after 6 months.

Ethical review

The procedures were carried out within the
framework of the research named “The use of
sodium-glucose cotransporter type 2 inhibitors
for the purpose of treating the chronic cardiac
failure in oncology patients receiving cardiotoxic
chemotherapy”, approved by the local Ethics Committee
of the Federal State Budgetary Institution FSCC of the
FMBA, which was established and which is acting in
accordance with the Declaration of Helsinki of the World
Medical Association (WMA), with the ICH GCP and with
the Law of the Russian Federation on Circulation of
Medicines (protocol No. 5, issued on 14.06.2022).

Statistical analysis

The procedures of collecting the data for statistical
analysis were carried out manually by systematizing
them in the Excel table with further processing them
using the SPSS Software. Quantitative variables were
presented as a median with adding the interquartile
range (Me [Q1; Q3]). The sample size was not analyzed,
for the research included only the patients that met
the inclusion criteria. The obtained differences were
considered statistically significant at the p level of <0.05
(95% confidence).

RESULTS

Research sample (participants)

A total of 104 patients participated in the research,
of which 63 (61%) were females and 41 (39%) were
males (table 1). The mean age was 68 years. More than
14 various locations of the oncological diseases were
presented: 8 (7.69%) patients had several locations of
the oncological process; lung cancer was diagnosed
in 12 (11.5%) patients, mammary gland cancer —
in 14 (13.4%), gastric cancer — in 11 (10.2%), colorectal
cancer — in 18 (17.3%), ovarian cancer — in 12 (11.5%),
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Characteristics of the studied patient groups

Parameter

Gender:

°* male

e female

Age, years, Me [Q1; Q3]
Location of the oncological process:
mammary gland
stomach

lungs

colorectal cancer
ovaries

pancreatic gland
other locations

Monochemotherapy

Combined therapy:

e fluoropyrimidines

e taxanes and platinum-based drugs
e anthracyclines

e other schemes

Stages of oncological diseases:
e |
o |l
e |l
o |V

Lethal outcomes
Hypotension

pancreatic cancer — in 5 (4.8%). Other malignant
tumors were found in 39 (37.5%) cases. Combined
chemotherapy was prescribed to 88 (85%) patients.
Monochemotherapy was used in 16 (15%) patients.
Combined chemotherapy with fluoropyrimidines was
used in 40 patients (38.4%), taxanes and platinum-
based drugs — 19 (18.2%), anthracyclines — 9 (8.6%),
other schemes were used in 34 (32.6%) cases. A total of
56 (53%) patients were diagnosed with stage IV of the
oncological diseases, another 31 (29.8%) had stage llI,
while 14 (13.4%) and 8 (7.6%) had stages Il and |,
respectively. The registered number of fatal outcomes
was 17 (16%), however, fatal outcomes due to cardiac
failure were not reported in any of the two groups.

Table 1
Control group Test group

n=54 (%) n=50 (%)
20 (34.07) 21 (42)
34 (62.96) 29 (58)
66 [43-84] 72 [48-84]
9 (16.67) 5(10)

6 (11.11) 5 (10)

5 (9.26) 8 (16)
8 (14.81) 10 (10)

8 (14.81) 4(8)

1 (1.85) 4(8)
21 (38.89) 18 (36)
9 (16.67) 7 (12.96)
45 (83.33) 43 (86)
18 (33.33) 22 (44)
12 (22.22) 7(14)

4 (7.41) 5 (10)
18 (33.33) 16 (32)

5 (9.26) 3(6)

6 (11.11) 8 (16)
15 (27.78) 16 (32)
29 (53.7) 27 (54)
10 (18.52) 7 (14)

23.7) 1(2)

The patients had a complicated comorbidity
background, which has increased their total cardio-
vascular risk (table 2): arterial hypertension was
reported in 77 (74%) patients, atrial fibrillation —
in 11 (11.5%), ischemic heart disease — in 32 (31%),
diabetes mellitus — in 26 (25%), increased body mass
index or obesity — in 16 (15%).

The patients that have passed all the control
examinations (n=47), after 6 months from the initiation
of the research, underwent a comparison of the levels
of troponin T, NT-proBNP, GLS and the left ventricle
ejection fraction. The patients were distributed based
on the inclusion criteria with using block randomization
at a ratio of 1:1. Eventually, 24 patients were selected

Data on the distribution of comorbid nosologies by study groups

Nosology

Arterial hypertension

Atrial fibrillations

Ischemic heart disease
Diabetes mellitus type 2
Body mass index, or obesity

12

Table 2
Control group Test group

n=54 (°/o) n=50 (°/o)
37 (68.52) 40 (82)

4 (7.41) 7 (14)
17 (31.48) 15 (30)

8 (14.81) 18 (36)

7 (12.96) 9 (18)

https://doi.org/10.17816/clinpract629938



ORIGINAL STUDY ARTICLE

to represent the control group and 23 were enrolled
into the test group. As a result, it was found, that the
dynamic changes of troponin T levels in both groups
did not significantly differ (p=0.26), while the levels
of NT-proBNP had significantly decreased in the test
group — by 7.8% comparing to the control group
(p=0.006). Comparable data were also found for the
GLS levels (a decrease in the test group by 6.5%
comparing to the control group; p=0.008). The values
of the left ventricle ejection fraction, upon dynamic
assessment, practically did not change (p=0.340).

A total of 22 (46.8%) patients had chronic heart
failure before the initiation of chemotherapy, while
25 (53.2%) had the disorder developing during the
course of antitumor medication therapy.

Main research outcomes

At the end of the 6 months period, all the patients
with chronic cardiac failure had filled in the modified
Kansas City Cardiomyopathy Questionnaire.

In the control group, 10 (41.67%) patients had
the total clinical index value (calculated with taking
into consideration the functional status and the sum
of factors, determining the quality of life and social
restraint) of 50-69%, which corresponds to moderate
quality of life and the presence of moderate restraint
regarding the physical aspects of life; 13 (54%) patients
had a total clinical index of 70-89% (good quality of
life, some restrictions regarding the physical activity or
other aspects of life), while only in 1 (4.17%) patient this
index was 30-49% (low quality of life, serious restraint
of physical functions and other aspects of life). In the
test group, 8 (34.78%) patients had a total clinical index
of 50-69%, 14 (60.87%) patients had the same index at
the level of 70-89%, while 1 (4.35%) patient had a total
clinical index of 30-49%. As a result, it was found, that
the dynamic changes of the total clinical index values
in both groups did not differ (p=0.343).

Two cases of hospitalization were registered as
related to the cardio-vascular reasons (one in each
group): paroxysm of atrial fibrillations and acute
myocardial infarction. Death caused by sepsis caused
by developing pneumonia was reported for 5 patients
(8 in the control group and 2 in the test group). No
cases of urinary tract infections and refusal to undergo
chemotherapy for the reason of progressing chronic
cardiac failure were registered. No significant statistical
differences were reported regarding the combined
primary endpoint (p=0.317).

In the control group, 10 (41.67%) patients died
comparing to 7 patients (30.43%) in the test group.

The details of the fatal outcomes are the following:
5 patients had succumbed due to sepsis caused by
developing pneumonia; 6 patients have passed away
due to the progression of the oncological process,
1 patient has deceased after an episode of COVID-19
infection, while in 5 patients the cause of death remained
unknown. The statistics of fatal outcomes shows that
a little less than 1/5 of the total number of patients,
which is 17 (16%) patients, have deceased before
the end of 6 months period. Six (5.7%) patients had
a fatal outcome resulting from the progression of the
main disease. This indicates the small life expectancy
in oncology patients. It should also be noted that no
significant role of cardiovascular system disorders
was found in the thanatogenesis. Fatal outcomes
caused by cardiac failure were not observed in any
of the two groups.

Undesirable phenomena

When analyzing the data for both groups during the
whole follow-up period, a total of 3 hypotension episodes
with a background of taking basic cardioprotective
therapy were reported. One of the patients was
taking the research medication (Dapagliflozin), which,
according to the Instructions for use and according to
the results of the latest multi-center randomized clinical
researches, is practically not capable of affecting
the blood pressure levels (a decrease by a maximum
of 3 mm. Hg. was noted) [8]. There were no cases of
significant hypoglycemia, requiring a consultation by
the Endocrinologist, as well as no cases of urogenital
infections, requiring a consultation by the Urologist.

DISCUSSION

The possibility of cardioprotection in cancer
patients, receiving cardiotoxic chemotherapy, has
been studied for quite a long time. Sufficient data were
obtained for the effects caused by various groups
of antitumor agents in terms of the cardio-vascular
system, resulting in the development of cardiac
failure, atrial fibrillations, arterial thromboses, acute
coronary syndrome along with the spasms of the
vessels and venous thromboembolism [9, 10]. There
are also successful results obtained for large samples
within the framework of secondary prevention of
chronic cardiac failure, for example, combination
of angiotensin-converting enzyme inhibitors and
beta-adrenergic blockers [11]. The main parameter
defining the contractile function of the heart is
considered the left ventricle ejection fraction [12],
however, the decrease in the said parameter is an
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indicator of already existing myocardial dysfunctions,
which is why it is important not to let it develop.
The research of cardiotoxicity markers has a major
importance in preventing myocardial dysfunctions [1].

A comparison was carried out for the onset of the
outcomes by the combined primary endpoint (the
rate of hospitalizations caused by cardio-vascular
reasons, refusals to continue chemotherapy due to
the progression of chronic cardiac failure, infections
of the urinary tracts and sepsis). The infections of the
urinary tracts were defined as subfebrile fever (>37°C),
leukocytosis found in the clinical hematology panel
(WBC count >11.0x10%1) and proteinuria (>0.5 g/day).
The results happened to be comparable in both groups
and did not statistically differ. This is probably related
to the sample size and to the short duration of following
up the patients.

According to our data, when analyzing the
troponin T levels, a positive trend was found in the
test drug group, however, the result was statistically
insignificant. Troponin T is the earliest marker of
myocardial damage in response to various effects,
hence, it cannot be considered as strictly specific for
the processes of developing chronic cardiac failure
induced by antitumor therapy.

When comparing the dynamic changes in the levels
of the left ventricle ejection fraction, no significant and
strong inter-relation was detected, which is probably
affected by the time factor and the high number of
patients with intact left ventricle ejection fraction,
included in the research.

Upon the evaluation of the NT-proBNP levels,
a clear significant positive dynamic trend was found
in a group of patients taking Dapagliflozin. Taking into
consideration the specificity of NT-proBNP in terms of
diagnostics and further progression of chronic cardiac
failure, the prognostic and clinical significance can be
supposed for the intake of the said medicinal product
for the purpose of treating the chronic cardiac failure at
the early stage (within the timeframe of up to 6 months).

The analysis of the GLS levels show the presence
of clear significant positive dynamic trend in a group
of patients taking Dapagliflozin. The trend is similar
to the one observed for the natriuretic propeptides,
which, probably, indicates the commonness of the
pathomorphological processes taking place in the
myocardium under the effects of chemotherapy, also
indicting the changes in the cardiac muscle in response
to the given effects.

The high significance factor for cancer patients with
chronic cardiac failure is the physical activity. If the
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Six Minute Walk Test defines only the functional class
of cardiac failure, which did not significantly change
under the effects of chemotherapy, the results of using
the Kansas City Cardiomyopathy Questionnaire have
demonstrated an insignificant positive tendency in
patients taking the study drug, however, the difference
was statistically insignificant. This is probably related
to the fact of the research including predominantly
patients with intact ejection fraction of the left
ventricle (93%). Similar results were demonstrated in
a complementary research [13]. Nevertheless, even the
small positive dynamic trend in such a comorbid cohort
of patients, the functional activity of which can be
restrained by the effects of chemotherapeutic agents
or by complications developing upon the progression
of the main disease, gives ground for proposing the
improvement of the motor activity and the increase in
the quality of the patients’ life.

The important fact was the relatively favorable
safety profile of Dapagliflozin. Oftentimes cancer
patients receive strong immunosuppressive therapy,
which increases the risk of developing inflammatory
and infectious diseases. No substantial adverse effects
of taking the test drug were observed to the present
moment.

Data on the primary, the secondary and the
surrogate endpoints is described in Table 3.

We suppose that the observed positive trends
occur under the influence of taking Dapagliflozin and
can indicate its role in the prevention and treatment of
chronic cardiac failure.

Thus, according to our research, no differences were
observed in terms of the primary endpoint between
the research groups, which is related to small sample
size and does not allow for judging on the effects of
sodium-glucose cotransporter type 2 inhibitors in
terms of clinical outcomes in cancer patients, receiving
cardiotoxic chemotherapy. Along with this, the
NT-proBNP and GLS levels had significantly decreased
with a background of study drug therapy, which can
indicate its protective role in the prevention of cardiac
failure. The preliminary data raises the hopes, though,
evidently, the sample is rather small, which is why larger
scale research works are necessary along with further
monitoring the patients, including the participation of
the multidisciplinary team of specialists.

Research limitations

The research limitations include the design
(prospective observational open-label) and the
research facilities (in a single medical center, though
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Data on primary, secondary and surrogate endpoints

Parameter

Primary endpoint, n (%)

Combined (death caused by cardio-vascular diseases,
refusal to undergo chemotherapy, presence of urinary
system infections or sepsis)

Secondary endpoint, Me [Q1; Q3]

Total clinical index (%)

Surrogate endpoints, Me [Q1; Q3]

Troponin T

Brain (atrial) natriuretic peptide (NT-proBNP)

Left ventricle ejection fraction

Global longitudinal strain of the myocardium (GLS)

the grouping was done using the random sample
method). We did not analyze the outcomes separately
in patients with diabetes mellitus or without diabetes,
for the reason that, during the initial stage, there
were no indications for prescribing Dapagliflozin in
patients with chronic cardiac failure without diabetes
mellitus, and the patients without diabetes mellitus
were enrolled into the research already at the stage
of its execution after registering the corresponding
indications.

CONCLUSION

The addition of the sodium-glucose cotransporter
type 2 inhibitor Dapagliflozin to basic therapy for
chronic cardiac failure in cancer patients, receiving
chemotherapy, did not statistically affect the rate of
hospitalization caused by cardio-vascular reasons,
the rates of refusing to undergo chemotherapy due to
the progression of the chronic cardiac failure or the
rates of developing urinary tract infections and sepsis.
At the same time, the addition of Dapagliflozin to
baseline therapy for chronic cardiac failure in cancer
patients, receiving cardiotoxic chemotherapy, resulted
in a significant decrease in the NT-proBNP levels and
to a less prominent decrease of the longitudinal strain
of the left ventricle myocardium.

We suppose that the decrease in the levels of the
cardiac failure marker and the less intensive impairment
of the longitudinal strain of the left ventricle with
a background of adding sodium-glucose cotransporter
type 2 inhibitor to baseline therapy for chronic cardiac
failure in cancer patients, receiving cardiotoxic
chemotherapy, reflects the cardioprotective potential
of the study drug and it can slow down the progression
of chronic cardiac failure.

Table 3
Control group Test group
n=54 n=50 =

4 (6.67%) 3 (5.36%) 0.317
65.22 [37-83] 66.46 [34-86] 0.343
20.14 [3.37-48.80] 18.67 [3.35-59.81] 0.260
608 [56-9345] 511 [60-3163] 0.006
56.2 [51-60] 55.9 [48-63] 0.340
-17.6 [-22.6; -16.3] -18.8 [-22.8; -14.3] 0.008
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TANNERELLA FORSYTHIA AS ONE OF SEVERITY
DEGREE PREDICTORS FOR CHRONIC
GENERALIZED PERIODONTITIS

N.B. Yashnova, Yu.l. Pinelis, A.A. Dutova, A.A. Yashnov
Chita State Medical Academy, Chita, Russia

ABSTRACT

BACKGROUND: Chronic generalized periodontitis takes the second place by the occurrence rate
worldwide among the diseases of the maxillofacial area. High significance of preventing and early
diagnostics for chronic generalized periodontitis is defined by the early tooth loss, by the decrease in
chewing efficiency and by the development of chronic infection foci. It is known that the main etiology
factor of chronic periodontitis is the microbial one, including the representative of the oral cavity
microbiota — Tannerella forsythia, which is a Gram-negative, anaerobic bacterium. AIM: To verify
the presence of T. forsythia in cases of chronic generalized periodontitis depending on the disease
severity. METHODS: The research included 126 patients with chronic generalized periodontitis of
various severity degree, for which, an analysis of the content of periodontal recess was carried out.
In the control group, consisting of individuals with no periodontal tissue abnormalities (h=39), the
content of gingival sulcus was analyzed. The samples were examined using the method of polymerase
chain reaction following the real time mode by means of employing the DT-96 detection thermocycler
(DNA-Tekhnologia NPO) and the «ParadontoScreen» test kit. RESULTS: The findings included a high
direct correlation between the rate of detecting T. forsythia and the severity degree of the course of
chronic periodontitis (the correlation coefficient value was found to be 0.997; p <0.05). A strong direct
relation (0.948; p <0.05) was demonstrated between the concentration of T. forsythia genomic equivalent
and the severity degree of chronic periodontitis. CONCLUSION: The conducted research has shown that
the concentration of T. forsythia is a predictor for severity degree of chronic periodontitis.

Keywords: chronic periodontitis; Tannerella forsythia; parodontal pathogens; periodontal recess;
microorganism.
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BACKGROUND

Chronic generalized periodontitis takes the second
place worldwide by the occurrence rate among the
diseases of the maxillofacial area. Based on the research
carried out in 2016 (Global Burden of Disease Study),
it was found that the severe diseases of periodontal
tissues take the 11th place worldwide. So, the incidence
of chronic periodontitis by population cohorts, generally,
varies from 36% in the countries of the Western Europe
to 80-100% in the developing countries. In recent years,
a growth of incidence was reported up to 30% among
the individuals aged 19-25 and up to 60% — among the
ones aged 25-30 [1-5].

The high significance of the problem of chronic
generalized periodontitis occurrence in the modern
society is defined by the early loss of teeth, by the

The article can be used under the CC BY-NC-ND 4 license /
Jvuenaunst CC BY-NC-ND 4

decrease in chewing efficiency and by the development
of chronic infection foci. As of today, one of the most
topical issues in periodontology is the development
and improvement of the methods of early diagnostics
and treatment for periodontal diseases [6-9].

The clinical signs of chronic generalized periodontitis
are characterized by hemorrhages in the gingival
mucosa; by the presence of solid and soft dental
deposit, by loosening of teeth and by the presence of
periodontal recess; by loss of alveolar process bone
tissue height.

Three disease stages are known — mild, moderate
and severe. The mild degree of severity is characterized
by the presence of swelling, cyanotic and bleeding
mucosa of the gingival margin, 1st degree loosening
of teeth and by the presence of a periodontal recess
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OPUTUHAJIbHOE NCC/TIEAOBAHUE

TANNERELLA FORSYTHIA KAK OAVH U3 NPEAUKTOPOB
CTENEHU TAXKECTU XPOHUYECKOIO
FrEHEPAJIN3OBAHHOIO NAPOAOHTUTA

H.B. AAlwHoBa, K0.U. NMuHenuc, A.A. flytoBa, A.A. SlluHOB

YnTuHCKas rocyfapcTBeHHas MeauLyHCKas akagemusi, Yuta, Poccunsi

AHHOTALMUA

O60cHoBaHue. XpOHUYECKUI reHepasin3oBaHHbIA NapogoHTUT 3aHUMAaeT BTOPOE MECTO 10 pacrpo-
CTpaHEHHOCTU cpeaun 3abosieBaHUi 4esIOCTHO-/IMLEeBOV 0bacTy B Mype. Bbicokast 3Ha4MMOCTb po-
PUNaKTUKN U PaHHEN ANarHOCTUKU XPOHUHYECKOrO reHepasm30BaHHOro rnapoAoHTUTa OorpenenseTcs
paHHe rnotepern 3yb0oB, CHYXKEHNEM >KeBaTesibHOU 3(h@hEKTUBHOCTY, (hOPMUPOBAHNEM XPOHUYECKMX
o4aroB MH@ekUn. VI3BeCTHO, YHTO OCHOBHbIM (baKTOPOM 3TUOJIOMN XPOHUYECKOIro NapooHTUTa SIBJISI-
€eTCs1 MUKPOOGHbIN, a O4HUM U3 NMpegcTaBuTe1en MKPOI0pbl POTOBOV rnosiocTu — Tannerella forsythia,
npeacTassoLas cobon rpamMoTpulaTesbHyr0 aHaspobHyro baktepuro. Lenb unccnegosaHuss —
BepupuympoBaTe HocuTeabCcTBO T. forsythia npm XpoHN4YeCKOM reHepain3oBaHHOM NapogoOHTUTE B 3a-
BUCUMOCTHU OT CTerneHn TsxxecTy 3aboseBaHvs. Metogbl. B uccnenosaHuy npuHsay y4actue 126 na-
LMEHTOB C XPOHUYECKVM IreHepasn30BaHHbIM NapOgOHTUTOM Pas/IN4YHON CTENEHU TSXKECTU, KOTOPbIM
npoBOAWIN aHaIN3 COAEPXXUMOro u3 rnapofoHTaIbHOrO KapmaHa. B rpyrnne KOHTPOJis, COCTOSIBLUEN
u3 nuy 6e3 natosoruy TkaHerd rnapogoHTa (n=39), n3yyaan cogepxumoe gecHesowi 60po3abl. ObpasLbi
uccnae[oBam MeToA0M roNMMEPa3HON LENHON peakUynm B PeXXUMe peaslbHOro BPEMEHU Ha aMringuka-
Tope AT-96 (HINO AHK-TexHonorunsy) Habopom «[NapogoHToCkpuH». Peaynbratbl. OOHapy>xeHa BbICOKast
npsiMasi Koppesnsyms mexgy sctpedaemMocTtblo T. forsythia v CTeNeHbIO TSXKECTU TeHEHUST XPOHUYECKOro
napagoHTuTa (3HadyeHne KoagouumeHTa koppensymm coctasnio 0,997; p <0,05). BeissneHa npsivasi
cunbHas cBs3b (0,948; p <0,05) mexay KOHUeHTpauuel reHOMHoOro aksuaseHTa 1. forsythia n cte-
MEHBIO TSXKECTY XPOHNYECKOro napoaoHTuTa. 3aksmdeHune. [IpoBegéHHOe vccieq0oBaHne rnokasasio,
4TO0 KOHUeHTpayus T. forsythia aBasieTcs NpeanKTOPOM CTENEHU TSXKECTU XPOHUHYECKOrO NapoOgoOHTUTA.

KnrodeBbie cnoBa: XpOoHUYeCKu napogoHTut; Tannerella forsythia; napogoHTONaToreHsbl; napogoH-
TaslbHbI KapMaH; MUKPOOPIraHN3M.

Ans yntnpoBaHus:

AwHosa H.B., MNMuHenuc KO.W., OyTtoBa A.A., AwHoB A.A. Tannerella forsythia kak oguH N3 NPeanKTO-
POB CTEMEHN TSXKECTU XPOHUYECKOrOo FEHEpPann3oBaHHOro MapoAoHTUTA. KimHM4eckasi rpakTuka.
2024;15(3):17-24. doi: https://doi.org/10.17816/clinpract629604

MocTtynuna 29.04.2024 MpunaTa 20.07.2024 Ony6nukosaHa online 03.09.2024

up to 4 mm deep. The radiology images in cases of
mild disease show dilation of periodontal fissure,
loss of integrity in the cortical plate, resorption of the
alveolar bone walls by 1/3 of the dental root length.
In cases of moderate severity of chronic generalized
periodontitis, the findings include an increase in the
depth of periodontal recess up to 6 mm, pathological
loosening of teeth (2nd degree) and exposition of
the dental roots. The orthopantomograms from the
patients with 2nd degree show resorption of alveolar
bone walls, reaching up to 1/2 of the length of the dental
root and showing signs of destruction in the cortical
plate. The severe chronic generalized periodontitis
is characterized by an increase in the pathological

loosening of teeth (up to degree Il or Ill), by dislocation
of teeth, by the presence of periodontal recesses with
a depth of more than 6 mm and with the presence of
purulent exudate, by significant traumatic occlusion and
exposition of the roots. Upon radiology examination,
the findings include resorption of alveolar bone walls
to a distance of more than 1/2 of the dental root length
with the presence of pathological bone pockets.

The detection of pathological loosening of teeth
is based on the classification that is the most used
in clinical practice — the one from the D.A. Entin
(1954): 1st degree — tooth dislocation only in the
vestibulooral direction; 2nd degree — tooth dislocation
in the vestibulooral and medio-distal directions;

18 https://doi.org/10.17816/clinpract629604


https://doi.org/10.17816/clinpract629604

ORIGINAL STUDY ARTICLE

3rd degree — tooth dislocation in the vestibulooral,
medio-distal and vertical directions [6-8].

It is known that the main etiology factor for chronic
periodontitis is the microbial one, with one representative
of oral cavity microbiota being the Tannerella forsythia,
which is a Gram-negative anaerobic bacterium.
This microorganism, described by the scientist Ann
Tanner, was later called Bacteroides forsythus and it
is currently classified as a member of Tanerella genus.
There are data indicating that T. forsythia does not
ferment sugar and, for implementing its active vital
activities, it has trypsin- and cysteine-like proteases,
encoded by the PrtH, allowing the bacteria to exhibit
cytopathic effects. The PrtH protease decreases the
cellular adhesion of periodontal tissues and stimulates
the processes of inflammation, accompanied by the
secretion of interleukin 8 (IL-8). At the initial stages of
research activities, it was found that PrtH phenotype
T. forsythia is a forsythia exfoliation factor, it takes
part in cell fragmentation and disintegration of gingival
mucosa and, thus, it can act as a pathogenic factor of
developing periodontosis [10-13].

As for adaptation mechanisms, T. forsythia has
an enzyme called karyolysine, capable of cleaving
fibrinogen and hemoglobin along with inactivating the
complement system, and an antimicrobial peptide
LL-37, promoting chronic inflammation by means
of producing tumor necrosis factor (tumor necrosis
factor, TNF) in macrophages. For protection purposes,
the bacteria have a specific protein Serpin (Miropin),
being a pathogenicity factor, which suppresses serine
proteases found in neutrophils. At the same time, the
surface of the bacteria is covered in BspA proteins,
interacting with extracellular fibronectin and fibrinogen,
which allows the bacteria to firmly attach to gingival
tissues and reproduce there. The lipoproteins located at
the bacterial surface also play an important role of in the
growth of the bacteria, inducing apoptosis in fibroblasts
of the host’s gingival mucosa. For productive vital
processes, T. forsythia has enzymes (glucosidases),
cleaving oligosaccharides and proteoglycans of host
cells: exo-a-sialidase, a-D-glucosidase and N-acetyl-
B-D-glucosaminidase. It was found that, in the
presence of glucose, the microorganism accumulates
a lot of methylglyoxal products that are toxic for host
cells [11, 12].

Considering the above, it can be concluded that
T. forsythia has multiple molecular factors, each of
which can participate in the pathogenesis of chronic
periodontitis. Thus, monitoring of T. forsythia gains
special significance in diagnostics and determining

further treatment tactics, as well as in predicting the
disease [12, 14, 15].

Research aim — to verify T. forsythia presence in
cases of chronic generalized periodontitis depending
on the severity diseases.

METHODS

Research design

Within the premises of the Clinical Hospital of the
Federal State Budgetary Educational Institution of
Higher Education “ Chita City State Medical Academy”
of the Ministry of Health of the Russian Federation,
an observational single-center selective controlled
non-randomized research work was carried out.

Conformity criteria

Inclusion criteria: patients suffering from chronic
generalized periodontitis and aged from 44 to 60 years,
not receiving antibacterial therapy for 6 months before
the research activities.

Exclusion criteria: patients with chronic generalized
periodontitis aged under 44 years and older than
60 years, receiving antibacterial therapy; patients
suffering from primary or secondary immune deficiency,
autoimmune diseases, diabetes mellitus or malignant
neoplasms.

Research facilities

The examination was carried out within the premises
of the Clinical Hospital of the Federal State Budgetary
Educational Institution of Higher Education “Chita City
State Medical Academy” of the Ministry of Health of the
Russian Federation (Chita) during the time period from
2021 until 2023.

Medical procedure description

The patients in all the research groups underwent
sampling of the periodontal recess content, while the
patients from the control group had their gingival sulcus
content sampled. All the samples were examined
using the method of polymerase chain reaction (PCR)
with real-time detection using the DT-96 detecting
thermocycler (“NPO DNK-Tekhnologia” LLC) and the
“ParodontoScreen” test kit. This procedure does not
require special preoperational preparation or the use of
local anesthetics.

Research outcomes

Main outcome of the research: a “surrogate” final
point was assessed (genomic equivalent of microbial
burden).
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Subgroup analysis

The disease severity criterion was used to designate
subgroups according to the classification of chronic
generalized periodontitis.

Ethical review

The research was approved at the meeting of the
local Ethics Committee of the Federal State Budgetary
Educational Institution of Higher Education “Chita City
State Medical Academy” (extract from the Minutes
No. 112 dd. 23.04.2021).

Statistical analysis

Statistical processing of the obtained results was
carried out using the “SPSS Statistics 10” software
v. 10 (StatSoft Inc., USA) with following the statistical
analysis principles, accepted for research activities in
biology and medicine. The results were presented as
means with standard deviations. For the purpose of
assessing the correlation and determining the strength
and direction of the correlation relationship between
two factors, Spearman’s test was used, while the
Student’s test with Bonferroni adjustment was applied
when comparing the research groups to the clinical
control group [16].

RESULTS

Research sample (participants)

The number of examined patients with chronic
generalized periodontitis was 126. The patients
were divided into three groups comparable by age
and gender, depending on the disease severity:
mild degree — group 1 (n=39); moderate degree of
severity — group 2 (n=42); severe degree — group 3
(n=45), along with a separate control group (n=39),
which included individuals without abnormalities in
the periodontal tissues. The degree of periodontitis
severity was set based on such criteria as the depth of
the periodontal recess, pathological loosening of teeth

ORIGINAL STUDY ARTICLE

and the degree of bone tissue resorption in the alveolar
processes.

Primary findings

It was found that the occurrence rate of T. forsythia
in patients with chronic generalized periodontitis was
significantly increasing along with an increase in disease
severity (table 1), with the correlation coefficient value
being 0.997 (p <0.05), which indicates the direct and
strong relationship between the detection of the said
microorganism and the severity degree of disease.

In patients with mild degree chronic generalized
periodontitis (Group 1), the orthopantomogram was
showing a dilation of the periodontal fissure, loss of
integrity in the cortical plate, resorption of alveolar bone
walls by 1/3-1/4 of the length of dental root (Fig. 1), with
this being said, the mean value of genomic equivalent
per 1 ml of biological sample (GE) for T. forsythia was
5.0+1.08, which is 1.5 times more than the values in the
control group (p=0.012) (Fig. 2).

The clinical signs and objective examination data in
Group 2 allowed for defining the depth of periodontal
recesses as reaching 6 mm, along with 2nd degree
pathological loosening of teeth and exposing the
dental roots. The orthopantomogram in patients
from this subgroup shows a resorption of alveolar
bone walls down to 1/2 of the length of dental root
and destruction of the cortical plate (Fig. 3), with the
mean microorganism concentration in Group 2 being
increased up to 5.7+0.80 GE, which is 1.7 times higher
than the same parameter in the control group (o <0.001).

During the analysis of the obtained data, the
highest concentration of T. forsythia was found in
patients from Group 3 — 6.6+1.87 GE, which is
1.3 times higher comparing to the values in Group 1
(p <0.001), 1.16 times higher comparing to Group 2
and 2 times higher comparing to the values in the control
group. In patients from Group 3, the clinical signs and
visual examination results have revealed a degree

The incidence of Tannerella forsythia

Occurrence Control

(n=39)

Positives 16 (41)
Negatives 23 (59)

Table 1
Study groups, n (%)
1 2 3
(n=39) (n=42) (n=45)
21% 2* (54) 36°%* (86) 40 (89)
18 (46) 6 (14) 5 (11)

Note. p-level: * <0.001 in groups 1 and 2; 2* <0.001 in groups 1 and 3; * <0.001 in groups 2 and control; 4 <0.001 in groups 3

and control.
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2-3 pathological loosening of teeth, dislocation of teeth,
as well as the presence of periodontal recesses with
a depth exceeding 6 mm together with the presence
of purulent exudate, significant traumatic occlusion
and exposed roots. Upon radiology examination, this
category of patients shows resorption of alveolar bone
walls exceeding 1/2 of the length of dental roots along
with the presence of pathological bone pockets (Fig. 4).

Based on the results of the conducted research,
a direct strong relationship was found (0.948; p <0.05)
between the concentration (genomic equivalent)
of T. forsythia and the severity degree of chronic
periodontitis. When analyzing the sensitivity and
specificity of T. forsythia genomic equivalent in
patients from the research groups, it was found that
the maximal sensitivity value is 78.4% [confidence
interval 73.79-83.01] with the specificity being equal

GE

0 1 2 3

[l Control group
Medium severity CGP

Fig. 1. Orthopantomogram — patient K. aged 44 years
old: chronic generalized periodontitis of mild severity
degree.

4 5 6 7

Severe CGP
Mild severity CGP

Fig. 2. Mean values of Tannerella forsythia concentration. GE — genomic equivalent; CGP — chronic generalized

periodontitis.

Fig. 3. Orthopantomogram — patient N., aged 49 years:
chronic generalized periodontitis of moderate severity
degree.

Fig. 4. Orthopantomogram — patient G., aged 56 years
old: severe chronic generalized periodontitis.
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to 62.1% [confidence interval 59.76-64.44] for the
detection of this bacteria in a group with severe
disease degree (Fig. 5).

DISCUSSION

Chronic periodontitis is a complex, multifactorial
and not yet completely studied disease. The main
role in the development of periodontitis is given to
the periodontal pathogenic microbiota. At the same
time, the highest pathogenicity is shown for the
so-called red (periodontal) complex that includes
T. forsythia, Porphyromonas gingivalis and Treponema
denticola. This being said, in her scientific articles,
L.S. Sazanskaya [17] has shown a definite role of
T. forsythia and other periodontal pathogens in the
development and progression of periodontitis in cases
of gastroesophageal reflux disease. EV. Markelova
et al. [18] have found the presence of T. forsythia at
the etiologically significant concentration in cases
of severe chronic periodontitis. Besides, the recent
scientific data show that this microorganism (due to
having its pathogenicity factors) causes inflammatory
and destructive changes.

The research work we have performed demonstrates
that, with the increase of periodontitis severity degree,
an increase is found in the genomic equivalent for the
said bacteria, which indicates the growth of bacterial
burden. The research work results indicate the
necessity for combined specific antibacterial therapy
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Fig. 5. Sensitivity and specificity of Tannerella forsythia.
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in cases of chronic generalized periodontitis for the
purpose of preventing disease progression.

CONCLUSION

A direct correlation relationship was found between
the increase in the genomic equivalent and the increase
of the degree of destructive changes in the periodontal
tissues. The obtained results confirm that T. forsythia
at the etiologically significant concentration is the
predictor of severity degree for chronic periodontitis.
The diagnostics of T. forsythia concentration shall
allow (combined with classic examination methods)
for predicting the risk of developing periodontitis in
healthy individuals, and in cases of its presence — for
practically unerringly defining the degree of severity
for the disease, which shall provide a possibility of
prescribing the corresponding combined treatment.

Such a significant correlation interrelationship
between the presence of T. forsythia and the
severity degree of periodontitis allows for drawing up
a conclusion that the protocol of therapeutic procedures
for this disease shall include antibacterial medications
with effective bactericidal and bacteriostatic effects.
The use of antibacterial therapy in the treatment of
chronic periodontitis shall increase its quality.
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“THE INTRALUMINAL ADMINISTRATION OF INDOCYANINE
GREEN AS A METHOD OF INTRAOPERATIVE DIAGNOSTICS

OF MACHINE SUTURE INCOMPETENCE IN EXPERIMENTAL
CASES OF LONGITUDINAL GASTRIC RESECTION”

A.V. Smirnov

Federal Scientific and Clinical Center for Specialized Medical Assistance and Medical Technologies of the Federal Medical
Biological Agency, Moscow, Russian Federation

ABSTRACT

The editorial policy of the “Clinical Practice” journal is supposed to be oriented to Applied Clinical
Researches, the results of which practicing physicians could use in their routine work. The main objective
of creating the journal was informing the physicians on the novel approaches in the diagnostics and
treatment of various diseases, as well as rehabilitation and restoration of the quality of life. For this reason,
the editorial board had often refused to publish the articles from the authors of well-planned and performed
animal research works, even despite the fact that the clinical specialty certificate 3.1.9 “Surgery” supposes
the experimental development of new methods.

In this specific case, the decision was made to publish the article.

Bariatric surgery in Russia is only passing its development phase. Despite the fact that such surgeries are
indicated to a significant part of the population, their yearly number remains very small. A considerable
role in this is contributed by mass media, which are regularly publishing the cases of complications
resulting from the obesity-related surgeries and the consequent judicial proceedings.

Safety issues take the central place in bariatrics, for surgical aggression is applied to a healthy organ for
the reason of the general disease, not causing a direct threat to life.

Longitudinal gastric resection (sleeve gastrectomy) is the most popular bariatric surgery type in Russia.
According to data from the National Bariatric Surgery Register, this type of procedure represents 56% of
all the primary surgeries. Machine suture incompetence is a rare but the most threatening complication
of such a surgery, associated with high mortality rates. In Russia, from 2013 until 2022, a total of 70 cases
were reported for suture line disruption, which corresponds to 0.4%, with that being said, three such
patients died within the first week after surgery. Due to the high pressure inside the created gastric
tube, the treatment of these complications is long-term and requires substantial financial costs. The
methods for intraoperative diagnostics of problematic areas of the machine suture line, which require
additional suture reinforcement, are deemed necessary. Traditionally, many surgeons use the so-called
“bubble-test”, which can detect only large defects and which shows low informational capability. With
all of these, two large researches were published recently, which have confirmed the concerns of some
investigators about the fact that rapid inflation of air into the nasogastral tube can damage the tissue and
can increase the risk of incompetence. In a systematic review and meta-analysis by Ma L., et al. (2024.),
involving 469 588 patients, in case of performing the intraoperative diagnostics, the risk was 0.38%, while
in absence of such — 0.31% (p=0.000) [1]. When analyzing the database of the American Society for
Metabolic and Bariatric Surgery (MBSAQIP) within a time period of 2015-2019, based on the evaluation of
data from the research works including 283 520 patients, the risk of incompetence during the intraoperative
diagnostics was 1.1 (95%CI 1.0-1.4) [2]. Based on these research works, it is possible to recommend the
surgeons to avoid the routine use of the “bubble test”. But the alternative option is required. Data on
the use of Indocyanine green are still sparse. The research performed by A.A. Kovalev et al., must serve
as a basis for more frequent use of this method, especially in complex situations. The editorial board of
our journal shall eagerly await for the team of authors to present the results of the clinical approbation
of the said method.
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OF MACHINE SUTURE INCOMPETENCE IN EXPERIMENTAL
CASES OF LONGITUDINAL GASTRIC RESECTION
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1 Almazov National Medical Research Centre, Saint Petersburg, Russia;

2 Academician |.P. Pavlov First St. Petersburg State Medical University, Saint Petersburg, Russia

ABSTRACT

BACKGROUND: Bariatric surgery represents an actively developing surgery field. With this, thanks to using
modern automated methods of dissecting and suturing the tissues, a significant decrease is observed in
the number of postoperative complications. At the same time, the problem of surgical suture incompetence
remains topical even at the present times. The traditional methods of intraoperative diagnostics of
incompetence are the provocative tests: the methylene blue test and the air leak test. One of the promising
methods for intraoperative control during surgery is the use of fluorescent visualization in the near infrared
range using the indocyanine green (ICG). AIM: Evaluate the informativity of intraoperative diagnostics of
machine suture incompetence during the longitudinal gastric resection using fluorescent visualization
with indocyanine green (ICG) by using the pig model to imitate various reasons of incompetence and to
control surgical complications using morphological tests. METHODS: The research was carried out with
using 20 pigs, each of which underwent the longitudinal gastric resection. The animals were distributed
into the following experimental groups: the control group with performing standard longitudinal gastric
resection (n=4) and the tests groups with longitudinal gastric resection and modeling of two variants of
mechanical reasons of incompetence (n=12), as well as the local ischemia group (n=4). Intraoperationally,
the gastric lumen was filled with a solution containing methylene blue and indocyanine green, after which,
an evaluation was performed of the developed staining or Indocyanine green fluorescence visualization.
Besides, in the ischemia group, ICG was administered intravenously. On Day 7 after surgery, samples
were taken for histological examination. RESULTS: In 10 out of 11 experiments with the mechanical
factor of modeling used to stimulate the machine suture incompetence, ICG visualization was found,
with the ingress of methylene blue found in two cases out of 11, respectively. In 90% of the cases, the
transudation of ICG corresponded to significant signs of inflammation, with the ingress of methylene
blue being found only in 20% of the cases. CONCLUSION: The method of intraluminal administration of
Indocyanine green in “mechanical” models of machine suture incompetence upon longitudinal gastric
resection is more informative comparing to the introduction of methylene blue. Data from fluorescent
ICG-angiography completely correspond to the location of ischemia modeling area.
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BACKGROUND

Bariatric surgery represents an actively developing
field of surgery aimed for the treatment of obesity and
its concomitant metabolic disorders. The number of
bariatric procedures performed increases with every
passing year [1, 2]. In Russia, for the last three years,
their number has increased 2.7-fold, while in the year of
2023, a total of 8955 such surgeries were carried out.

The article can be used under the CC BY-NC-ND 4 license /
Jvuenaunst CC BY-NC-ND 4

With this, thanks to using modern automated methods
of dissecting and suturing the tissues, a significant
decrease is observed in the number of postoperative
complications. At the same time, surgical suture
incompetence (staple line leak) is still considered
a culprit of severe postoperative complications. In recent
years, within the structure of the bariatric surgeries,
the most wide-spread is the laparoscopic longitudinal
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AHHOTALUSA

O6ocHoBaHue. bapnatpuydeckasi Xvupyprusi npeacTaBaseT coboy akTUBHO pal3BUBAIOLLNIICS pasnes xuv-
pypruv. bnarogapsi Crosib30BaHNI0 COBPEMEHHbIX arnnaparHbiX CIoco60B pasbefnHEHNS N CLUMBaHUS
TKaHel CyLLeCTBEHHO CHU3U/IOCh KOJIMYECTBO M0C/1e0nepaLiOHHbIX OCJIOXHEHUN, B TO XXe BPpeMsi rnpob-
JiIeMa HECOCTOSITE/IbHOCTU XVPYPrm4eCKoOro LiBa OCTaéTCs aKTyaslbHONM v B HacTosilee Bpems. Tpagu-
LUOHHBIMY METOAaMU NHTPaornepaymnoHHoOU AMarHOCTUKN HECOCTOSITE/IbHOCTY annapaTHoro LWBa siBJisi-
IOTCS MPOBOKALMOHHbIE MPOOLI: MPOBbI C METUIEHOBbLIM CUHUM 1 BO3A4YXOM. OfHUM U3 NepCrneKTUBHbIX
METOLOB UHTPAoNepaLnoHHOro KOHTPOJIS B XYPYPIruy SIBJISIETCS IPUMEHEHVE (hiTyopeCcLEeHTHON BU3ya-
5m3auyum B 6Iv>KHEM MHGPaKpacHOM ananasoHe ¢ MoMOLLbI0 NHAoUnaHvHa 3enéHoro. Lenb nccnego-
BaHUs1 — OLIEHKa MHHOPMaTNBHOCTY UHTPaoNepaLoHHON AnarHOCTUKN HECOCTOSTE/IbHOCTY anmnapar-
HOro wiBa rpv npogobHON PEe3eKUun Xxesyaka C UCroib30BaHneM ayopeCcUeHTHON Bu3yanusaymm
C nHpounaHuHomMm 3eséHbiM. Metopgsbl. ViccnenosaHue rnpoBefeHo Ha 20 XXUBOTHbIX (CBUHBY), KaXXOMy
U3 KOTOPbIX BbIMOHEHA NPOAOIbHAs PE3EKUNS XenyaKka. KUBOTHbIE Obiiv pa3aesieHbl Ha dKCNePUMEH-
TaslbHbIE rPYrbl: KOHTPOJ/IbHAs rpyrnna C BbilOJHEHNEM CTaHAapPTHOM MPOoAOIbHON Pe3EeKUMNN XeslyaKa
(n=4); onbITHbIE rPYMbl C BbIMOJIHEHNEM MPOAOLHON PE3EKLUU XeTyaKa U MO4enpoBaHnemM AByX Ba-
PUAHTOB MEXaHUYEeCKUX MPUYUH HECOCTOSITE/IbHOCTU XUPYPrudeckoro wwsa (n=12), rpynna j0KaabHOM
nwemun (n=4). VIHTpaonepaunoHHO B MPOCBET JKeJyhKa BBOAW/ICS pacTBOP C METUAEHOBbLIM CUHUM
U UHAOUMaHUHOM 3€/1EHBIM, OC/IE Yero rnpon3BoanIach OLeHKa NosiBIeHUS KpacuTesisi U BU3yanansayms
nyopecyeHUn nHaoumaHuHa 3e1EHoro. Kpome 1oro, B rpynne niiemMmn MHAoUnaHuH 3€/1EHbIN BBO-
Awics BHYTPUBEHHO. Ha 7-e cyTku nocsae ornepaymv npoBOAUIOCH MCTOOMMHYECKOE UCCIe[0BaHne
ornepauynoHHoro marepumasna. Pesyneratel. B 10 us 11 akcriepUMeHTOB ¢ MexaHN4eCKUM ¢hakTopOM MO-
AennpoBaHnsi HECOCTOSATE/IbHOCTY annaparHoro LiBa oTMeYasnacb BuU3yanusauyns nHaounaHuHa 3ené-
HOro, nNpy 3TOM MOCTYM/EHNE METUIEHOBOIO CUHEro 6bl/10 OTMEYeHO B 2 cryqasx n3 11. B 90% cayuqa-
eB rnpocaynBaHne nHaoUmaHuHa 3e16HOro0 COOTBETCTBOBA/IO 3HaYUMbIM MPU3HaKaM BOCMAaNIeHWs, npuy
9TOM MOCTYr/IEHNE METUIEHOBOIO CUHEro OTMEYeHO To/IbKOo B 20% ciriy4aeB. 3aknroyeHue. Metogvka
BHYTPUMNPOCBETHOIO BBEAEHWUS] MHAOUMNAHWHA 3€/1EHOM0 B «MEXaHUYEeCKUX» MOAEJISIX HECOCTOSTE/Ib-
HOCTW annapatHoro LuBa rpy NMpoLoIbHON pe3eKuun xesyaka 6osee nHoopmaTBHa Mo CPaBHEHUIO
C BBeEHNEM METUIEHOBOIO CUHErO.

KnrodeBbie cnoBa: bapvaTpuydeckasi XMpypruvsi; npogoibHast Pe3eKLMs e lyaKa;, HECOCTOSATE/IbHOCTh
LIBa; nHAoumaHnH 3enéHbi; VLS.

Ans yntupoBaHus:

Kosanes A.A., KopHiowunH O.B., MNManasH NB., Macnein B.B., Henmapk A.E., SennHckas W.A., Topono-
Ba A.I., CemeHoBa H.IO., LmHsepnuHr B.A., Ctapxesckasa A.B., Oanunos W.H. BHyTpunpocBeTHOE
BBEOEHNE VHOOLMAHMHA 3€NEHOr0 Kak METOL MHTPaonepauMoOHHON AMArHOCTUKUM HECOCTOSTENIbHO-
CTM annapaTHOro LWBea npu NPOAOSIbHON PE3EKLNN XefyaKa B aKCnepuMeHTe. KnHndyeckas npaxkTuka.
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gastric resection (LLGR, sleeve gastrectomy) [3]. With
this, according to data from numerous research works,
after the LLGR, a total rate of 0.5% to 7% of suture
incompetence is reported [4-6].

Currently, the most common cause of developing
suture incompetence, according to the discussions,
is the insufficiency of regional circulation, as well as
non-conformity of the staple line height to the thickness
of the tissues being connected [7-9].

The conventional methods of intraoperative
diagnostics for incompetence of anastomoses and
machine suture lines include the provocative tests,
indicating the loss of hermeticity in the latter,
specifically, the methylene blue test and the bubble
test. The advantages of these methods are simplicity
and accessibility. However, the diagnostic value of the
latter remains disputable and the number of authors
call it into question [10, 11]. The main downside is
limited sensitivity, which, upon minimal damage, is the
cause of false-negative results. A number of research
works have found a correlation between using such
provocation tests and the increase of the risk of suture
incompetence [11-13].

One of the promising methods for intra-operative
control in surgery is the use of fluorescent visualization
in the near infrared range using Indocyanine green
(ICG) [14].

The first data became available with the application
of the ICG-visualization method in the bariatric surgery
[15-17]. Such methods are being used both for the
detection of ischemic areas by means of intravenous
administration of the staining agent and for the control
of suture hermeticity by means of its administering
into the operated stomach. In the research work by
Ortega C.B. et al., the application of ICG-angiography
was indicated for the detection of individual specific
features of auxiliary blood supply of the gastroesophageal
junction during the laparoscopic longitudinal gastric
resection, which can aid in the assessment of the
viability of the tissues being combined [18].

Another interesting research is the one conducted
by Kalmar C.L. et al., in which ICG, for the first time
in clinical practice, was used not during angiography
as a contrasting agent, but during the provocative test
with intraluminal administration of the latter during LGR
and stomach shunting (SS) [19]. With the administration
of ICG to 59 patients, the obtained findings include a
single true positive and a single false-positive result, and
sensitivity and specificity of the method were 100 and
98.28%, respectively. However, this research describes
only one case of suture incompetence, the origin of

which is unclear. Besides, this research was conducted
without comparing to other methods. Such comparison
was performed in the research work by Hagen et al.
during the course of robot-assisted stomach shunting.
It was shown that the use of the methods of intraluminal
administration of the combined solution containing
ICG (5 mg) and methylene blue (2 mg) shows greater
sensitivity of ICG methods comparing to the classic
bubble test and the methylene blue test. Four patients
out of 95 patients had positive ICG test result, in which
additional suture line reinforcement was applied [20].
The limited informativity of these research works is
due to the type of clinical research, in which there is
no possibility to unequivocally state the prime cause
of developing incompetence. This circumstance can
be overcome in the experimental settings, allowing for
simulating the defects of applying the surgical suture,
which, in turn, allows for defining what consequences
it may result in.

Research aim: an evaluation of the intraoperative
diagnostics of machine suture incompetence when
performing the LGR surgery using fluorescent
visualization with Indocyanine green (ICG) by using the
pig-based modeling of various reasons of incompetence
and by controlling surgical complications with the aid
of morphological tests.

METHODS

Research design

The experiments included 20 pigs (Sus scrofa
domesticus) of the Landrace breed weighing 40-45 kg
(obtained from the breeding station of the “Pulkovskiy”
Agricultural Holding) in accordance with the protocol,
approved by the Institutional Animal Care and Use
Committee of the Federal State Budgetary Institution
“Almazov NMRC”, under the Ministry of Health of the
Russian Federation. The animals were distributed into
the following experimental groups: the control group
with standard LGR (n=4), the test groups receiving
LGR with the modeling of two variants of mechanical
reasons for incompetence (n=12), as well as the local
ischemia group (n=4). Intraoperationally, the stomach
lumen was filled with the solution containing methylene
blue and indocyanine green, after which an evaluation
followed of the ingress of the staining agent along with
the visualization of the indocyanine green fluorescence.
Besides, in the ischemia group, ICG was administered
intravenously. On Day 7 after surgery, or in case of
developing signs of peritonitis, laparotomy was used
with the visual evaluation of the operated zone, taking
samples of material for histological examination.
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Research facilities

This research work was carried out within the
premises of the Pre-Clinical Translational Research
Center of the Federal State Budgetary Institution
“Almazov NMRC”, under the Ministry of Health of
the Russian Federation. The experimental animals
(pigs) were provided by the breeding station of the
“Pulkovskiy” Agricultural Holding.

Research duration

The experiment for each separate animal was
completed on Day 7 after surgery or in case of
developing signs of peritonitis. The research activities
were carried out from July 2018 until May 2019.

Medical procedure description

The animals were not deprived in terms of feeding
and hydration. Within 12 hours before surgery, the
animals were consuming only water.

Surgical interventions were carried out under
endotracheal anesthesia (isofluorane at a concentration
of 1-5%). After the upper midline laparotomy,
longitudinal gastric resection was performed according
to the standard method [21]. The mobilization of
the greater gastric curvature was done using the
ultrasound scalpel (Johnson & Johnson). The gastric
resection itself with the formation (from the remaining
part of the stomach) of the so-called “sleeve” was
performed using the Echelon FLEX 45 (Johnson &
Johnson) suturing apparatus. The control group was
sutured with the use of green Echelon cartridges with
an open staple height of 4.1 mm (closed — 2.0 mm). As
for the staples with lesser height, white cartridges were
used with the height of the open staple of 2.6 mm, the
closed staples were 1.0 mm high.

After finishing the resection stage with the
formation of the “gastric tube”, further closing was
done in the outflow segment of the stomach, while
the gastric lumen was filled (using the nasogastral
tube) with 50 ml of the combined solution, containing
physiological saline, Indocyanine green (Roth, China)
at a concentration of 0.02 mg/ml and methylene
blue (SamaraMedprom, Russia) at a concentration
of 0.04 mg/ml. The evaluation of the machine suture
zone was done directly after the administration
of the solution, first using the visible light, then
at the infrared spectrum using the IMAGE1 STM
laparoscopic video-system and the D-LIGHT P SCB
light source (KARL STORZ, Germany) with an
illumination within the wavelength interval of
750-810 nm. The test was considered positive in
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case of registering the fluorescence in the area
of the staple line [22].

The animals in the group of local ischemia modeling
underwent intravenous injection of ICG at a dosage of
0.1-0.3 mg/kg, with performing the visual evaluation
of the evenness of the fluorescence in the resected
stomach. In the settings of impaired blood supply,
impaired or absent staining was expected in the area
of artificially created ischemia.

Surgical interventions were completed with layered
suturing of the wound.

The experiment was completed on Day 7 after the
surgery or in case of developing signs of peritonitis.
Under endotracheal anesthesia, repeated laparotomy
was carried out with the visual evaluation of the machine
suture zone, after which the stomach was completely
removed for histological examination. The sacrification
of experimental animals was done by intravenous
administration of KCI solution with the euthanasia
control parameter being the stable ECG isoline.

Research outcomes

Main  research  outcome. The parameter
characterizing the main outcome of the research,
was the case of suture incompetence. During the
course of the longitudinal gastric resection, the onset
of incompetence was registered by the ingress of
methylene blue, by ICG fluorescence during the tests.
(Fig. 1). Upon the repeated laparotomy, the case of
machine suture incompetence was registered upon
detecting the macroscopic changes expressed as
abscesses and peritonitis (table 1, 2).

Additional research outcomes. The evaluation
of histological parameters was carried out semi-
quantitatively with grading by points from 0 to 3, where 0
is the absence of the manifestation, 1 is its mild intensity,
2 is the moderate intensity and 3 is the strong intensity.

The following pathological changes were registered:
necroses, the degree and the content of cellular
infiltration, the presence of colonies of microorganisms,
fibrin deposits at the serous membrane with signs of
inflammation, the intensity of fibrosis and granulation
tissue, as well as the presence of hemorrhages,
foreign body gigantic multinuclear cells and glandular
epithelium with inflammatory atypia. Outside the area
of the machine suture (staple line), various background
changes were evaluated within the gastric wall:
presence of ulcers, hyperplastic growth of surface
epithelium and others.

For the purpose of quantitative and statistical
evaluation of the histological signs of machine suture
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Fig. 1. a, b — ICG leakage between the stitched walls of the stomach distal to the hardware suture line when simulating
incompetence by unbending the hardware suture staples. ¢, d — “Point leakage” of ICG along the inner row of the staple
seam when simulating failure by using cassettes with a lower staple height.

incompetence, an integrative parameter was used,
which was developed specifically for the aims of this
research. Histological parameters were selected which
characterize the severity and the degree of intensity of
the inflammatory infiltration, as well as signs of local
deterioration of the reparative process — necrosis and
fibrin deposits in the area of the suture. The integrative
parameter was compiled using the sum of the points
for these parameters and has a maximum of 12 points,
which is the sum of maximal points for each of the four
evaluated parameters. The grades were corresponding
to the following points: 0-3 points — absence of
clear manifestations, 4-5 points — mild intensity,
6-7 points — moderate intensity, 8—12 points — strong
intensity.

Subgroup analysis
The animals after the longitudinal resection were
randomly distributed in the following research groups:

1) longitudinal gastric resection (LGR) without the
pathological process modeling (n=4) (control group);

2) modeling of the mechanical origin of incompetence
by means of unbending three rows of staples of
the machine suture at a distance of 1 cm right after
applying the last one (n=6);

3) modeling of the mechanical origin of incompetence
using suturing equipment cartridges with lesser
staple height comparing to the thickness of sutured
tissues (n=6);

4) modeling of local ischemia by an application of
U-shaped sutures onto the anterior gastric wall
at the machine suture zone with the formation
of square-shaped ischemia zone with an area
of 1.0-1.5 cm? (n=4).

Methods for registration of outcomes
The evaluation of research outcomes was
performed by means of intraoperative diagnostics of
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Table 1
Histological indicators of the inflammatory process in the hardware suture area.
Integrative summary indicator
(A irlllf'.ltaen:fr:taytg: Necrosis, (with :(-I:J:Irr:) hils) ISR
Groups S.Ne MC ICG inflammation, . o . y . ’ P parameter,
. infiltration, points on the serous .
points . . points
points membrane, points
1 No No 1 1 1 0 3
2 No No 0 1 0 0 1
Control
3 No No 1 1 0 0 2
4 No No 1 1 0 0 2
5 No Yes 3 2 3 0 8
6 Yes Yes 3 3 2 3 1
Unbent 7 No Yes 1 3 2 0 6
staples
8 No Yes 2 2 2 0 6
9 No Yes 2 2 0 0 4
10 No Yes 2 2 2 2 8
11 No Yes 2 3 2 3 10
Stap|e 12 No Yes 2 2 3 0 7
height 13 No  No 3 3 3 3 12
14 No Yes 3 3 2 0 8
15 Yes Yes 2 2 2 0 6
16 No No* 1 2 1 0 4
17 No No* 1 2 2 0 5
Ischemia®
18 No No* 2 2 3 0 7
19 No No* 1 1 1 0 3

Note. * in the group of modeling the ischemic cause of failure, there was no leakage of ICG between the connected walls of
the stomach, but a filling defect in the ischemic zone was detected.

Analysis of the indicator “Severity of inflammatory infiltration” depending on the Group

Parameter Category
Control
) mild 4 (100.0)
Severity
of inflammatory moderate 0(0.0)
infiltration
strong 0(0.0)

Table 2
Group, n (%)

Unbent Staple Ischemia P
staples height

0 (0.0) 0 (0.0 1(25.0) 0.005*

4 (80.0) 3 (50.0) 3 (75.0) Peontrol —

staple height —
1 (20.0) 3 (50.0) 0(0.0 0.040

Note. * — differences in indicators are statistically significant (p <0.05). Method used: Pearson’s chi-squared test.

incompetence, by macroscopic visualization during
repeated laparotomy and by morphological examination
of the histological material.

In order to detect the morphological changes, two
5-7 mm thick sections were cut from the tissues in the
machine suture zone where the pathological process
was modeled.

The histological slides were prepared
and examined using the standard method of
hematoxylin-eosin staining and the Mallory staining.

32

A combined pathomorphological analysis was carried
out with the evaluation of the acute inflammation,
including its intensity and cell composition, the
dystrophic changes in the parenchymal and stromal
cells and the impaired circulation.

Ethical review

The research protocol PZ_22_3_SoninDL_V3 was
approved by the Institutional Animal Care and Use
Committee (IACUC) of the Federal State Budgetary
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Institution “Almazov NMRC”, under the Ministry of
Health of the Russian Federation and by the Ethics
Committee of the Federal State Budgetary Institution
“Almazov NMRC”, under the Ministry of Health of the
Russian Federation

Statistical analysis

Statistical analysis was done using the StatTech
v. 3.1.10 software (developed by the “Stattech” LLC,
Russia). The categorical variables of semi-quantitative
histological examination were described with adding
the absolute values and percentages. The comparison
of percentages during the analysis of multifield
contingency tables was performed using the Pearson’s
chi-squared test.

RESULTS

Research sample (participants)

The research sample included the animals
(20 Landrace breed pigs weighing 40-45 kg) undergoing
surgical intervention — longitudinal gastric resection
(LGR). After the LGR, the animals were randomly
distributed into the experimental groups with modeling
various origins of machine suture incompetence and
the control group. Intraoperationally, the procedures
included the methylene blue and ICG tests with the
visual evaluation of the result. On Day 7 after the
surgical intervention or in case of developing signs
of peritonitis, repeated laparotomy and gastrectomy
were carried out. Further procedures included the
histological evaluation of the stomach material.

Main research outcomes

In the control group, as the combined solution
(ICG and methylene blue) was introduced, even
fluorescence was observed in the walls of the operated
stomach, except for the tissues, located distally from
the staple line (machine suture).

In the group of modeling the machine suture
incompetence by unbending the staples, one case of
fatal outcome was reported during the application of
the anesthesia. During the course of the experiment,
after suturing by means of using the suturing machine,
the ICG fluorescence between the joined stomach
walls was found in all five cases (Fig. 1), with the ingress
of methylene blue being found only in one of five tests.
Upon the repeated laparotomy, two confirmed cases
of machine suture incompetence were registered,
which were represented by macroscopic changes
expressed as abscesses and peritonitis (table 1). In
other cases, adhesion process was found with various

degree of intensity. It is worth noting that, with this
type of modeling the machine suture incompetence,
the detection of the staining solution was found (both
the methylene blue and the ICG) between the sutured
gastric walls distally from the machine suture line.

In six animals within the group of modeling of
machine suture incompetence using the suturing
machine with lesser height staples, the ingress of
methylene blue was observed in one case, while
the ICG fluorescence was found in five cases. Upon
the repeated laparotomy, suture incompetence was
observed in two cases, represented as macroscopic
signs of abscesses and peritonitis (see table 1). In other
cases, an adhesion process was found with various
degree of intensity. Unlike the previous group, ICG
fluorescence was observed not between the joined
tissues, distally from the machine suture line, but as
a specific “dotted transudation” along the proximal
row of staples, which may indicate the mechanical
damage (crushing) of the stomach walls upon suturing
(see Fig. 1). With this, one of the incompetence cases
was reported in an animal in which intraoperationally
there was no visualization of the methylene blue or of
the ICG (table 2).

In the group of local ischemia modeling, in several
seconds after an intravenous administration of the ICG,
just like in the control group, evenly intensive staining
was observed in the walls of the operated stomach,
except for the margins of the gastric walls, located
distally from the machine stitch line and except for the
local ischemia modeling zone, matching with the latter
by the shape and the dimensions. Upon the repeated
laparotomy, the zone of ischemia modeling shows
a more significant (comparing to the control) adhesion
process with no macroscopic signs of incompetence.

Additional research outcomes

Upon histological examination, all the samples,
both in the control and in the test groups, were showing
signs of inflammatory and reparative processes, related
to the mechanical damage of gastric walls, with various
degree of intensity.

In the control group, the inflammatory processes
in the majority of cases were represented by subacute
mild- and moderately-expressed inflammation with
the predominance of Ilymphocytes, plasmacytes
and histiocytes. In single cases, the admixture of
granulocytes and eosinophils was observed. Local
tissue necrosis was found in 1 sample. No cases of
massive purulent inflammation, fibrin deposits on
the serous membrane or adhesions with the organs
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of the abdominal cavity were reported. The degree
of developing the granulation tissue and forming the
mature collagen fibers indicate the on-going reparative
process in the area of the machine suture.

In all the cases of modeling the mechanical origin
of suture incompetence, inflammatory infiltration
was observed with various degree of intensity, in the
majority of cases with the predominance of neutrophils
(often combined with the necroses of tissues in the area
of the suture line and with signs of peritonitis), in part
of the cases with the predominance of lymphocytes.
Besides, oftentimes the infiltrate was showing the
presence of eosinophilic admixture (in some cases
significant) and of foreign body gigantic multinucleated
cells. Along the peripheral areas of the infiltrate, in
the majority of cases the findings included a plethoric
granulation tissue and signs of fibrosis (the Mallory
staining), which was more significant in case of
lymphocytic (not neutrophilic) predominance in the
inflammatory infiltrate. The maturity of collagen fibers
indicates the on-going reparative process within the
zone of the machine suture, however, the pronounced
fibrosis in part of the cases resulted in the development
of adhesions with the small intestine, liver and spleen.
Besides, in a number of cases, the suture line zone was
showing the presence of gastric epithelium with signs
of inflammatory atypia.

The local ischemia group is characterized by local
necrosis of various degree of intensity with pronounced
inflammatory infiltration with the predominance of
granulocytes. This zone had signs of slowed reparative
process, however, in the remote areas, the visualized
findings included the developed granulation tissue with
inflammatory infiltration of various degree of intensity
and collagen fibers of various degree of maturity.

In this research, it is not possible to isolate any
specific morphological parameter, which could
be applicable as a morphological analogue for
incompetence of the surgical suture. However, upon the
point-based evaluation of the histological changes, we
could count the sum of mean points and compare the
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results obtained between groups. The parameters that
are significant for the evaluation, which were included
into the integrative parameter, are the following: acute
inflammation, degree of inflammatory infiltration,
necrosis and fibrin deposits on the serous membrane.

The results of semi-quantitative evaluation are
provided in tables 1-3, while the images illustrating the
characteristic histological changes are provided in Fig. 2.

Upon the analysis of the histological material after
mechanical modeling of suture incompetence, the
following data were obtained. In the “unbent staples”
group, 40% were showing an acute inflammatory
reaction, predominantly of moderate degree of intensity
(80%), while in the “staple height” group, 33% were
showing acute inflammatory reaction of moderate
or strong degree of intensity (by 50%) (statistically
significant differences, p <0.05; table 3). The mean
integrative parameter in the groups with modeling the
incompetence was higher than in the control group and
in the ischemia group (statistically significant differences,
p <0.05; table 3). With this, the integrative parameter of
inflammatory changes in the “staple height” group was
higher than in the “unbent staples” group (statistically
significant differences, p <0.05; tables 2, 3).

Upon the morphological examination of all the cases,
in which ICG transudation was registered during the
experiment, the following data were obtained: in 90%
of the cases, significant signs of inflammation were
observed, which indirectly indicates the histological
equivalents of incompetence. In the opposite case,
when the ICG transudation was not registered, in 80%,
the histological response was showing signs of mild
intensity inflammatory changes (statistically significant
differences, p <0.05; table 4).

The results of evaluating the ICG transudation,
unlike the methylene blue, correlate with the data from
the histological analysis.

Undesirable phenomena
A fatal outcome was reported in one animal after
the application of general anesthesia.

Table 3
Analysis of the “Integrative indicator” indicator depending on the Group
Group, n (%)
Parameter Category - - p
Control Unbent staples Staple height Ischemia

normal 4 (100.0) 1(20.0) 0 (0.0) 1(25.0)
Sum mild 0(0.0) 2 (40.0) 0 (0.0 2 (50.0) 0.015"
of points moderate 0(0.0) 0(0.0) 2(33.3) 1 (25.0) ’

strong 0(0.0) 2 (40.0) 4 (66.7) 0 (0.0

Note. * — differences in indicators are statistically significant (p <0.05). Method used: Pearson’s chi-squared test.
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9]

Fig. 2. Representative photographs of the features of inflammatory infiltration in the hardware suture area in samples of
different groups. a — “control”, the formation of dense layers of collagen fibers between muscle bundles in the damage
zone, weak inflammatory infiltration is represented by single lymphocytes. b — “ischemia”, locally areas of necrosis
with strong inflammatory infiltration. ¢ — “removal of staples”, acute inflammation, severe inflammatory infiltration,
predominantly neutrophilic and eosinophilic. d — “height of staples”, acute plethora of granulation tissue, severe
inflammatory infiltration, fibrin on the surface. Hematoxylin-eosin staining, magnification 100x.

Table 4
Analysis of the indicator “Integrative indicator — gradation of points” depending on the Group
MB, n (%) ICG, n (%)
Parameter Category
Yes No Yes No

. none 0 (0.0 4 (30.8) 0 (0.0 4 (80.0)
Integrative mild 0(0.0) 1(7.7) 1 (10.0) 0(0.0)
indicator —
gradation of points moderate 1 (50.0) 3 (23.1) 4 (40.0) 0(0.0)

strong 1 (50.0) 5(38.5) 5(50.0) 1 (20.0)

p 0.730 0.010*

Note. * — differences in indicators are statistically significant (p <0.05). Method used: Pearson’s chi-squared test.

DISCUSSION

The incompetence of the anastomosis after
bariatric surgeries still remains one of the most serious
complications, resulting in an increase in the morbidity
and in costs required for restoring the health of the
patients. Currently, the rate of developing the major

adverse events within 30 days after surgery, depending
on its type, is within a range from 2.5% to 5.0%. The
most common location of incompetence is the angle
of His, both for the ischemic and for the mechanical
factors. The conventional methods of suture control,
due to their insufficient sensitivity, do not allow for
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timely detection of the developing problems and this
is why the fundamental task is searching for new
approaches for solving these problems. One of them
can be the use of ICG test and the visualization of its
fluorescence in the near infrared range [23, 24]. The
higher sensitivity of ICG fluorescence comparing to
the methylene blue test was demonstrated during the
recently conducted clinical trial [20]. However, such
research works do not allow for determining in which
way the defects of creating a suture line can lead to one
or another complication.

This research is aimed at the experimental
evaluation of the informativity of the intraoperative
diagnostics of machine suture incompetence using the
visualization of the fluorescence of administered ICG
in the settings of modeling various reasons of machine
suture incompetence when performing the longitudinal
gastric resection and with comparing the method to
the methylene blue test.

In clinical practice, the machine suture incompetence
is generally understood as the presence of a defect
associated with a characteristic set of symptoms and
with the development of local pathological changes
and with further systemic inflammatory reaction,
detectable upon the instrumental tests or during
the revision surgery. In the aspect of morphological
changes, it is necessary to note the presence of
generic differences between humans and animals in
terms of the pathological processes in the abdominal
cavity [25-27].

Thus, in the research by Henne-Bruns D, when
applying only four sutures with a single knot when
forming an anastomosis in rats, out of 24 animals, only
3 had the development of peritonitis, while in 30 days
the anastomoses were covered in granulation tissue,
but the adhesion process was more pronounced than
in cases of creating a complete anastomosis [25].
According to the opinion from number of authors, one
of the reasons of the complexity of modeling the suture
incompetence is using young and healthy animals for the
experiment, as well as the species-related physiological
features of healing the wounds. When modeling the
incompetence of the large intestine anastomosis, a fast
fibrin deposition was found and, as a result, adhesions
were developing, which prevented the development of
peritonitis or intra-abdominal abscesses, which is not
characteristic for humans [26, 27].

Thus, in the experimental settings, only the
combined histological analysis of the processes taking
place in the damage zone with the estimation of the
activity and intensity of inflammation, of the presence
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of fibrin on the surface of serous membranes, of the
spreading of necrosis and fibrosis within the tissues, of
the presence of adhesions and signs of peritonitis —
all of these allow for evaluating the surgical suture
incompetence.

The experiments conducted in pigs have allowed for
reproducing the possible mistakes of forming the staple
line. The estimation of the findings in light of ICG —
fluorescence, as well as in light of the morphological
analysis of the material obtained in 7 days, allow for
defining what consequences may be resulting from
these mistakes.

The comprehensive assessment of the mechanisms
of modeling the mechanical origin of pathological
changes in the area of the joined tissues, along with
the fluorescence images allowing for real time mode
identification of the developing impairment with further
correlating the intensity of morphological changes —
all of these allow for intraoperative predicting the
possibility of developing surgical suture incompetence.

A series of experiments with modeling local ischemia
have confirmed the possibilities provided by fluorescent
ICG-angiography in terms of visualizing the problematic
foci of perfusion, which were completely matching the
location of ischemia modeling area and the inflammatory
changes of various degree of intensity [28-30].

Upon summarizing the data obtained in the groups
of modeling the mechanical origin for incompetence
with intraluminal administration of the staining agents,
intensive inflammatory changes (integrative parameter
>6 points) were found in 10 cases out of 11. With this,
the positive ICG test was reported in 9 cases, while
when using methylene blue, only 2 cases were positive,
which demonstrates higher informativity of the methods
employing the intraluminal administration of ICG in
“mechanical” models of machine suture incompetence
comparing to the administration of methylene blue.

In the present research, the shapes were defined
for ICG fluorescence depending on the incompetence
model, namely: transudation between the sutured
gastric walls distally from the machine suture line when
modeling the incompetence by unbending the staples
and “dotted transudation” along the internal staple
line when modeling the incompetence by using the
cartridges with lesser staple height.

The obtained data, most probably, can allow for
intraoperationally supposing not only the presence of
machine suture incompetence risk, but also for defining
the probable cause of the latter.

In the majority of cases, the information required
for making a decision can be obtained upon the
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intraluminal administration of ICG, including the area in
the proximal third of the staple line, where the higher rate
(up to 85%) of incompetence cases was described [24].
Besides, it is known that 24-28% of bariatric patients
undergo repeated interventions, having higher risks
of developing the incompetence, which defines the
topicality of using ICG for the evaluation of specific
features and of the adequacy of blood supply, as well
as for defining the hermeticity of joined tissues [17, 24].

Research limitations

This research was exploratory, due to which, within
the framework of this research, there was no analysis
of the sensitivity and of the specificity of the methods
tested.

CONCLUSION

Using the ICG fluorescent staining agent allows
for determining the changes in the staple line, which
are invisible when employing the visible light, which
potentially can lead to the development of the
machine suture incompetence during the course
of the longitudinal gastric resection. The method of
ICG visualization demonstrates significantly higher
sensitivity comparing to the diagnostics methods
employing the methylene blue.

The methods of fluorescent ICG visualization with
intravenous and intraluminal administration of the said
fluorophore, shall not be considered as the competing
methods, for they augment each other, covering
the whole spectrum of the causes of developing the
machine suture incompetence — from the impaired
blood supply to mechanical factors. Within this context,
further clinical and experimental research are deemed
topical for the purpose of developing the standardized
protocols of implementing these methods.

These methods may be useful upon revision
interventions, in cases of intraoperative technical
difficulties, occurring at the centers with small number
of annually performed surgeries, as well as at the
training phase, allowing for timely detection of already
existing or potential defects of the machine suture, by
this minimizing the risks of incompetence development.
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THE FIRST EXPERIENCE OF THORACOSCOPICTHYMECTOMY
FROM A UNIFIED SUBXIPHOID ACCESS

E.A. Epifantsev', V.Yu. Gritsun', Yu.A. Khabarov’, Yu.V. lvanov'- 2
' Federal Research and Clinical Center of Specialized Medical Care and Medical Technologies, Moscow, Russia;
2 Central Research Institute of Tuberculosis, Moscow, Russia

ABSTRACT

BACKGROUND: Thoracoscopic thymectomy performed with using the lateral intercostal access in cases
of non-invasive thymic tumors is the commonly used technique. Most frequently, the three-port and the
single-port techniques are used. As the experience was accumulating, it became evident that the intercostal
access has a number of disadvantages, such as unsatisfactory visualization of the nerve on the opposite side
and of the cervical portion of the thymus, along with a probably of developing chronic pain syndrome. One of
the possible solutions for this issue can include the use of sub-xyphoid access. AIM: An evaluation of direct
results obtained when using the unified sub-xyphoid access during thoracoscopic thymectomy in patients
with non-invasive epithelial thymic tumors. METHODS: An experience was analyzed that was gained after
the treatment of 14 patients undergoing thoracoscopic thymectomy using the unified sub-xyphoid access for
non-invasive epithelial tumors of the thymus. The age of the patients ranged from 24 to 70 years (median —
42 years); 9 of them were females (64.3%) and 5 were males (35.7%). In all the patients, at the moment of
surgical treatment, stage | disease was diagnosed. The minimal dimension of the excised thymoma in this
research was 15 mm with the maximal dimension being 65 mm, the median value was 38 mm. RESULTS: Two
surgeries (14.3%) were accompanied with technical difficulties due to the presence of an adhesion process
after a previous episode of pulmonary inflammation, which resulted in more significant intraoperative blood
loss, which was 200 ml. The surgery duration varied from 60 to 180 minutes with the median of 82.5 minutes.
In the majority of cases (97.6%), the pain syndrome level did not exceed 4 points of the visual analogue scale
for pain. During the postoperative period, a single surgical complication was reported — the development of
the retrosternal hematoma; no fatal outcomes were reported. CONCLUSION: The thoracoscopic thymectomy
from the unified sub-xyphoid access is a justified option for cases of non-invasive epithelial thymic tumors.
This method allows for performing the surgery in full range, not violating the oncology principles. It was proven
that, for tumors measuring up to 65 mm, this method does not result in an increase in surgery duration or an
increase in the rates of intraoperative complications.

Keywords: thymoma; epithelial tumors; thoracoscopic thymectomy; thymectomy from subxyphoid access.
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BACKGROUND

At the present moment, the use of minimally
invasive technologies is the gold standard in thymic
surgery. According to various research works [1-10],
thoracoscopic thymectomy is characterized by
better direct and remote results comparing to classic
open-access methods (sternotomy and thoracotomy).
With the accumulation of the experience, it became
evident that intercostal access has a number
of disadvantages, the main of which are the
unsatisfactory visualization of the opposite phrenic
nerve and of the cervical portion of thymus, as well
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as the possibility of developing the chronic pain
syndrome [4, 11-14]. One of the possible solutions for
this issue may include the use of sub-xyphoid access
[11, 14]. For the first time this method was used in
1999 by the group of Japanese surgeons headed
by T. Kido [15] for the case of thymus disease, and,
at the present moment, it is one of the alternative
options for gaining access to the tumors located in
the anterior mediastinum.

Research aim — to evaluate the direct results
of using the sub-xyphoid access in patients with
non-invasive epithelial tumors of the thymus.

The article can be used
under the CC BY-NC-ND 4 license /
Jvuensuns CC BY-NC-ND 4
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OPUTUHAJIbHOE NCCJTIEAOBAHUE

MEPBbIV OMNbIT TOPAKOCKOMUYECKON TUMDKTOMUN
U3 EAUHOIO CYBKCUOOUAANIbBHOIO AOCTVYIA

E.A. EnucdaHues’, B.1O. lpuuyH', 0.A. Xa6apos', K0.B. NBaHoB" 2

1 depepanbHbIi HAY4YHO-KIIMHUYECKUI LLEHTP CNELManM3npoBaHHbIX BUAOB MEANLVHCKOW MOMOLLM U MEOULIMHCKNX TEXHOMOMM,
Mocksa, Poccus;

2 LleHTpanbHbIii Hay4YHO-MCCNEROBAaTENbCKUN UHCTUTYT Ty6epKynesa, Mocksa, Poccus

AHHOTALMUA

O6ocHoBaHMne. TopakKocKonnyeckasi TUMSKTOMUST n3 BOKOBOIro MeXXpEBGepHOro AOCTyrna rnpu HenHBa-
3UBHBIX OIyXOJISIX TUMYyCa SIBJSIETCS OOLLENPUHSITON METOAMKON. Yalye Bcero ucrosb3yeTcsi TPEXop-
TOBasi M 04HOMOpPTOBast TexHUKA. [10 Mepe HaKornIeHWs OrnbiTa CTaa0 OYEBUAHO, YTO MEXPEBEPHbIN [O-
CTyn UMEET Psf HEAOCTATKOB, TaKUX Kak Hey[OBAETBOPUTE/IbHAS BU3yann3auyns rnpoTUBOMOIO0XHOMO
HepBa U LUEVHON Nopuuu TUMYCa, BOSMOXHOCTb (hOPMUPOBaHUS XPOHUHYECKOro 60/1eBOro CUHAPOMA.
OgHUM 13 BO3MOXKHbIX PELUEHW JaHHOro BOMpOCca MOXET ObITb MCMOJ/b30BaHne CybKcngpomn[aabHoro
goctyna. lenb nccnegoBaHuss — oueHKa HENOCPEACTBEHHbIX PE3Y/IbTATOB UCIMOb30BaHNsS e4UHOro
cybkeugongaabHOro JOCTyna rnpy TOPakOCKOMMYECKON TUMIKTOMUY Yy 6OJIbHbIX C HEMHBA3UBHBIMU r1n-
TesmasibHbIMU onyxossamuy Tumyca. Metogsl. [poaHanmanpoBaH OrbIT edeHns 14 nayneHToB, nepeHéc-
LUNX TOPaKOCKOMUHYECKYKD TUMIKTOMUIO U3 €AUHOro cybkcugouaaabHoro gocTyna npyu HeMHBa3uBHbIX
anuTennasibHbIX Oryxossax TuMmyca. Bospact 60sbHbIX cocTaBua oT 24 o 70 net (meguaHa 42 roaa);
JKEHLYMH 661710 9 (64,3%), myxynH — 5 (35,7%). Y Bcex naymeHTOB Ha MOMEHT MPOBEAEHNS ONepaTuBHOro
JnieyeHust BoisiBieHa | ctagusi 3aboneBarHus. MuHUMaibHbIN pa3mep yaaaéHHON TUMOMbI B CCI€40BaHNN
cocrasua 15 MM, makcumarsbHbIi — 65 MM, meagunaHa 38 mm. Pe3ynbratsl. []Be onepauum (14,3%) Obian
COMPSIKEHbI C TEXHUYECKUMU CITIOXKHOCTSIMU BBUAY HaIn4dusi CriaeqyHoro rpowuecca nocre paHee rnepe-
HECEHHOro BocrasieHusi N1Erkux, 4To obyc108m10 60Jiee BbliPa>KeHHYK MHTPaonepaynoHHyo KpoBorio-
Tepro, Kkotopas coctasuaa 200 mia. [NpoaoxnuTenLHOCTL onepaLuii Bapbuposania ot 60 4o 180 MuHYT,
meaviaHa 82,5 MyHyTbl. B 6onblunHCcTBe ciy4YaeB (97,6%) ypoBeHb 607€BOro CUHAPOMA He MpeBbiluall
4 6as110B 1o BU3yasibHOWM aHa0roBoy Lwkane 6oan. B nocneonepaynoHHOM nepuoge Habaw[anm ogHo
XUPYPru4eCKOe OCJIOXKHEHNE — (DOPMUPOBaHNE PETPOCTEPHA/ILHON reMaToMbl; JI€TalbHbIX NCXO[0B He
6b1710. 3aknrovdeHune. TopakocKonuyeckas TAMIKTOMUSI U3 eANHOro CybkcugougaibHoro 4OoCTyna sBJs-
eTcs 060CHOBaHHbIM BapUaHTOM Py HEMHBa3UBHbIX 3MUTENasbHbIX OryXossx Tumyca. [laHHbi criocob
[103BOJISIET BbIMNOJIHUTE OMNepPaUnio B roJIHOM 0O0bEME, HEe HapyLIasi rpu 3TOM OHKOJIOMUHYECKUX MPUHLIN-
rnos. [Joka3aHo, YTO rpu OrlyxoJsix pasmMepomM 4o 65 MM faHHasi MeToauka He npuBOAUT K YBESTUHEHUIO
MPOZO/KNTENIbHOCTY Orepaumum N yBesIMHEHNI0 MHTPAoNepaynoHHbIX OCJIOXKHEHNI.

KnroueBblie cnosa: TMOMa; anvTENMasbHbie OMyXOy TUMYCa; TOPAKOCKOMUYEeCcKass TUMIKTOMUS
TUMSKTOMUS U3 CyOKCUoma[aibHoOro 4ocTyna.
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METHODS Exclusion criteria: stage Ill and IV epithelial tumor
Research Design of the thymus; past episodes of operated chest cavity

The research is designed as a single-center organs.
retrospective and exploratory one.
Research Facilities
Conformity Criteria All the procedures were carried out within the
Inclusion criteria: age from 18 to 80 years old; premises of the Federal State Budgetary Institution
verified stage | and Il epithelial tumor of the thymus; “Federal Scientific and Clinical Center for Specialized
absence of myasthenia. Types of Medical Care and Medical Technologies”
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of the Federal Medical-Biological Agency of Russia
(FSBI FSCC of the FMBA of Russia, Moscow).

Research Duration

The analysis was carried out using the direct results of
thoracoscopic thymectomy, performed using the unified
sub-xyphoid access for cases of non-invasive epithelial
tumors of the thymus at the Surgery Department No. 1
of the FSBI FSCC of the FMBA of Russia during the time
period from January 2021 until March 2024.

Medical Procedure Description

The patients were operated using the unified
sub-xyphoid access in cases of epithelial thymic
tumors. The indications taken into account when using
the unified sub-xyphoid access included the presence
of the tumor in the anterior mediastinum with the

a] b

Fig. 1. Access diagram for thoracoscopic thymectomy
from a uniportal subxiphoid approach (a); preoperative
marking of a uniportal subxiphoid approach (b).

Fig. 2. View of an installed sternal retractor with a wound
protector.
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tumor stage | or Il, absence of previous surgeries in
the organs of the chest cavity, as well as the absence
of myasthenia. All the patients underwent the standard
pre-operational examination, the extent of which is
stated by the national clinical recommendations. All the
surgeries were conducted under general anesthesia
using the single lumen pulmonary ventilation without
using the carboxythorax.

Surgery technique. The patient was positioned
on the operating table at the supine position with the
abduction of the lower limbs. The operating surgeon
was positioned between the legs of the patient with the
assisting surgeon standing on the right side from the
patient. Each patient had a peripheral venous access
provided. Further procedures included a transverse
incision with a length of 4 cm, 2 cm below the xyphoid
process (Fig. 1). In a number of cases, the incision
could be enlarged up to 6 cm for the evacuation of
the surgery sample with the tumor dimensions being
more than 6 cm. Taking into consideration that, in
our research, the maximal tumor size was 65 mm, no
extending of the access was carried out.

For the purpose of comfortable positioning the
sternal retractor and creating the exposed area to
operate, it is possible to resect the xyphoid process.
In our research, the xyphoid process was removed
in 2 cases for the reason of an asthenic body
constitution of the patients.

Upon the formation of the sub-xyphoid access,
blunt separation was performed in terms of the tissues
behind the sternum for the purpose of creating a space
for wound protector and for positioning the sternal hook
(Fig. 2) for providing additional retrosternal space (Useful
model patent No. 225786 dd. 06.05.2024 “Sternal
retractor for sub-xyphoid access” [16]. This useful model
differs from the analogous devices by the presence of
a videocamera slot at its working part, which provides
better view in the settings of the limited spaces).

Further procedures included opening both pleural
cavities with searching the main anatomic reference
points — the phrenic nerves, the sup. vena cava and
the brachiocephalic vein (Fig. 3). The positioning of the
instruments was done in the following way: camera —
middle of the port, ultrasonic scalpel — right half of the
wound, forceps — left half of the wound.

The dissection of tissues was performed along both
phrenic nerves (Fig. 4), after which followed the isolation
of the brachiocephalic vein with the processing of the
thymic vein (Fig. 5). The vessels with a diameter more
than 5 mm were preferably processed using the clips.
The important step of surgery was the isolation of the
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El b

Fig. 3. Thoracoscopic thymectomy from a uniportal
subxiphoid approach. Operation diagram (a, 6).
1 — separation of thymus tissue from the pericardium;
2 — separation of thymus tissue along the right phrenic
nerve; 3 — separation of thymus tissue along the left
phrenic nerve; 4 — separation of the cervical portion of the
thymus; 5 — ligation of thymic veins.

Fig. 5. Thoracoscopic thymectomy from a uniportal
subxiphoid approach. Dissection of the brachiocephalic and
thymic veins. 7 — thymic vein; 2 — brachiocephalic vein;
3 — cervical part of the right lobe of the thymus.

cervical portion of thymus. The objective of the surgical
intervention was to remove the whole thymic tissue,
including the tumor.

During the surgery, an instrument was used that
was specifically developed for minimally invasive
thoracoscopy (Fig. 6). The dissection of tissues was done
using the ultrasound scalpel (Harmonic Ethicon). The
surgical intervention was completed by the installation
of the single-lumen draining tube with the diameter of
20 Fr into the aperture of the left half of the chest cavity,
which was passed through the surgical wound (Fig. 7, 8).

Ethical review

The research procedures were approved by the
local ethics committee of the FSBI FSCC of the FMBA
of Russia (protocol No. 5 dd. 19.12.2019).

Fig. 4. Thoracoscopic thymectomy from a uniportal
subxiphoid approach. Stage of pericardial separation.
1 — thymic tissue; 2 — pericardium; 3 — right lung;
4 — superior vena cava.

Fig. 6. Instrument set for minimally invasive thoracoscopy
(Scanlan Int., ThoraGate Geister Medizintechnik GMBH,
Germany).

Fig. 7. Thoracoscopic thymectomy from a uniportal
subxiphoid approach. The final view of the operation.
1 — internal mammary vein; 2 — brachiocephalic vein;
3 — superior vena cava; 4 — pericardium.

www.clinpractice.ru 43

2024

Vol 15 &3



Fig. 8. Thoracoscopic thymectomy from a uniportal
subxiphoid approach. Appearance of the wound on the
first postoperative day.

Statistical analysis

The preliminary estimation of the sample was not
performed due to the low occurrence of the studied
disease and due to the research design (retrospective,
descriptive).

The research data underwent statistical processing
by using the methods of descriptive statistics. The
accumulation, correction and systematization of
the baseline information was performed using the
Microsoft Office Excel 2016 tables. The statistical
analysis was carried out using the STATISTICA 26
software (developed by StatSoft Inc., USA). In case of
describing the quantitative parameters, the obtained
data were combined into variation series, in which

ORIGINAL STUDY ARTICLE

the calculations of mean arithmetic values (M) and
standard deviations (SD) were performed along with
the median and the interquartile range Me [Q1; Q3].
The nominal variables were described with stating the
absolute values and percentages (n, %).

RESULTS

Research sample (participants)

A total of 14 patients were operated using the
unified sub-xyphoid access for epithelial tumors of
the thymus. The age of the patients varied from 24 to
70 years with the median of 42 years old. Nine patients
were females (64.3%) with 5 being males (35.7%). In all
the patients, at the moment of the surgical treatment,
stage | disease was diagnosed. Table 1 represents
the total characteristics of the distribution of patients
depending on the process stage, the tumor dimensions
and the presence of concomitant diseases. The
morphological types of tumors, found in the patients
undergoing thymectomy from the unified sub-xyphoid
access, are provided in table 2.

Main research outcomes

The analysis was performed using the direct
results of thymectomy carried out using the unified
sub-xyphoid access (table 3). The minimal dimension

Table 1
Distribution of patients depending on the stage of the disease and concomitant pathology
Parameter Single subxiphoidal access
n=14

Age, years (Me [Q1; Q3]) 42.0 [39.5; 51.75]
Gender, n (%) Women's — 9 647
Associated diseases, n (%) 11 (78.6)
Hypertensive disease, n (%) 8 (57.1)
Chronic obstructive pulmonary disease, n (%) 1(7.1)
Thyroid cancer, n (%) 1(7.1)
History of pneumonia, n (%) 7 (50)
Disease stage (TNM classification), n (%) T1aNOMO — 14 (100)

Table 2

Distribution of patients according to gender and morphological type of tumor, n (%)
Morphological type of tumour Men Women Total

AB 3 (50) 3 (50) 6 (42.9)
B1 1 (20) 4 (80) 5(35.7)
B2 1(33.3) 2 (66.77) 3(21.9)
Total 5(35.7) 9 (64.3) 14 (100)
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Table 3

Analysis of immediate results of thoracoscopic thymectomy from a uniportal subxiphoid approach

Parameter

Duration of surgery, minutes (Me [Q1; Q3])

Volume of blood loss, ml (Me [Q1; Q3])

Tumour size, mm (Me [Q1; Q3])

Intraoperative adhesions, frequency of development, n (%)

Frequency of retrosternal haematoma development
in the postoperative period, n (%)

Duration of drainage, days (Me [Q1; Q3])
Postoperative bed days, days (Me [Q1; Q3])

of the resected thymoma in the research was 15 mm
with the maximal being 65 mm (median 38 mm). Two
surgeries (14.3%) were accompanied by technical
difficulties due to the presence of an adhesion process
after a previous episode of pulmonary inflammation,
which resulted in more significant intraoperative blood
loss of 200 ml in both cases.

The surgery duration varied from 60 to 180 minutes
with the median of 82.5 minutes. In 5 patients,
the duration of surgical treatment was more than
100 minutes.

The time period of pleural cavity draining in
11 patients was 24 hours and in 3 patients it lasted for
two days.

The research procedures also included an
evaluation of the pain syndrome intensity in 2 hours
after the conducted surgical treatment, during the
first 24 hours after the surgery and after the drainage
tube removal. In the majority of cases (97.6%), the
pain syndrome intensity did not exceed 4 points of the
visual analogue scale for pain (VAS). A single episode
(1 patient (7.1%)) was reported of developing the pain
syndrome score of 5 VAS points.

It is worth noting that, for the purpose of pain
relieving, narcotic analgesics were not used. The
patients after the thoracoscopic thymectomy from
the unified sub-xyphoid access were staying at the
In-Patient Department for the time period of 3-4 days
with the median of 3 days.

DISCUSSION

Currently, thoracoscopic thymectomy is the gold
standard in the treatment of non-invasive epithelial
tumors of the thymus. One of the possible accesses
is the sub-xyphoid one, which is characterized by
the absence of dissecting the intercostal nerves

Single-port access
n=14
75 [70; 87.5]
50.0 [7.5; 50]
38 [35; 48.5]
2 (14.3)

1(7.9)

1.0 [1.0; 1.0]
3.0 [3.0; 3.0]

and by the possibility of performing surgery without
using separate intubation [11, 12, 17-19]. This
method allows for fully performing the revision of
the anterior mediastinum, of the aortic window zone
and, if necessary, for performing the dissection of the
mediastinal lymph nodes on both sides.

For the first time, the data on the advantages of
using the sub-xyphoid access for cases of pathological
neoplasms in the anterior mediastinum, as it was
mentioned previously, were obtained in 1999.
A group of Japanese surgeons headed by T. Kido,
has presented their experience of creating the
sub-xyphoid access using the sternal lifting retractors
in cases of anterior mediastinum tumors [15].

In 2012, T. Suda et al. [20] have published the data on
the possibility of using the unified sub-xyphoid access
for diseases of thymus. Currently, a certain experience
was accumulated, demonstrating the efficiency of this
approach in cases of thymic neoplasms. With this being
said, the meta-analysis conducted in 2024 by J. Wang
et al. [21] has identified significant differences found
for the unified sub-xyphoid access with thoracoscopic
three-port method in terms of the pleural cavity draining
time and in terms of the pain syndrome level.

As of today, various modifications were proposed
for the sub-xyphoid access, which differ between
each other mainly by the number of ports installed
and by the method of creating the additional operative
space. The followers of the multi-port sub-xyphoid
thymectomy install additional 5 mm ports in the
intercostal spaces or in the subcostal space. By their
opinion, taking into consideration the fact that the
intercostal space has an average length of 10 mm,
while the installation of the 5 mm port is not resulting
in the damage of the intercostal nerve, the additional
ports provide a more comfortable course of the
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surgical intervention [22-25]. With this modification,
the sub-xyphoid access is actually used as a port
for locating the camera and as the route for surgical
material extraction.

As opposed to the multi-port technique, as a logical
extension of the single-port thoracoscopic surgeries,
there is a modification of the unified sub-xyphoid
access. With this access, all the instruments and the
video-camera are being introduced through a single
port having the size of up to 4 cm. The followers of
this modification of the surgical access consider that
such an approach may provide better cosmetic effect
and may minimize the risk of developing chronic pain
syndrome [26-28]. The only relative disadvantage of this
method is the necessity of using special instruments
with parallel transfer and with the presence of anatomic
fold; also, for using this modification, an experience is
required in performing the single-port thoracoscopy
surgeries, which may elevate the learning curve. For
the purpose of increasing the operational space, two
different methods are being used: the application of the
carboxythorax or the use of various systems to elevate
the sternum. There are no significant differences
between these methods, and, mainly, their use is
dictated only by the Surgeon’s preferences.

Our choice of using the unified sub-xyphoid
access is dictated by the commitment to lesser
intraoperative trauma and, as a result, to lesser
number of bed days. The results provided by us, are
only preliminary and, in fact, they reflect the learning
curve upon the implementation of the new method
into the routine practice. We have not observed any
significant complications, while the duration of the
surgical intervention itself and the further stay at
the In-Patient Department were similar with those
described in the foreign and domestic literature. All of
these indicates the safety of the sub-xyphoid access
and allows for continuing further use of this method.
With the accumulation of the sufficient quantity of
material, it shall become possible to arrange a more
comprehensive comparative evaluation of the benefits
and disadvantages of the studied surgical access.

Undesirable phenomena

An episode of post-operative complication has
developed in 1 (7.1%) patient. This complication,
although being only of surgical origin (retrosternal
hematoma), did not require further active interventions.
No therapeutic complications were observed.

No postoperative fatal outcomes were observed
during the research.
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CONCLUSION

Performing the thoracoscopic thymectomy from
the unified sub-xyphoid access is a justified variant for
cases of non-invasive epithelial tumors of the thymus.
This method allows for performing the surgery in full
range, not violating the oncology principles. It was
proven that using the unified sub-xyphoid access
for tumors sized up to 65 mm does not result in an
increase in surgery duration or an increase in the
number of intraoperative complications. The benefits
of this method include lesser injury of the chest cavity,
absence of the necessity for separate intubation,
better visualization of the opposite phrenic nerve.
However, taking into consideration the necessity of
using specialized instruments and the longer learning
curve, the method of unified sub-xyphoid access has
not gained wide spreading.

The data obtained by us allow for recommending
the use of thymectomy via the unified sub-xyphoid
access for cases of non-invasive thymic tumors in the
settings of specialized departments.
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PATENT FORAMEN OVALE AND MIGRAINE

IN ISCHEMIC STROKE PATIENTS: INCIDENCE,
PATHOGENETIC INTERRELATION AND THE EFFECTS
OF ENDOVASCULAR CLOSURE

A.V. Belopasova', A.O. Chechetkin', V.D. Merezhko?
1 Research Center of Neurology, Moscow, Russia;
2 Tver State Medical University, Tver, Russia

ABSTRACT

BACKGROUND: Migraine is a chronic neurovascular disease with high incidence rate and medical-social
significance. Despite more than half a century of studying the disease, the pathogenesis of migraine
is not yet completely clear. The results of separate research works demonstrate the inter-relation of
migraine with the presence of patent foramen ovale and circulation shunting from the right side
to the left one. AIM: Detailing the incidence rates and the clinical characteristics of migraine, as
well as the effects of endovascular installation of the occluding device into the patent foramen ovale
in terms of migraine course in a cohort of patients that had an ischemic stroke episode according to
the mechanism of paradoxical embolism due to having a functionally significant patent foramen ovale.
METHODS: The examined population included 97 patients aged from 18 to 50 years old (mean age
32.29+2.19 years; 70.8% females), undergoing examination procedures at the Research Center of
Neurology from January 2018 until October 2023. All the patients previously had an ischemic stroke that
had involved the mechanism of paradoxical embolism, associated with the presence of patent foramen
ovale and high functional significance shunting. All the patients underwent an assessment of their
conditions associated with the presence of a patent foramen ovale — migraine with or without aura, other
procedures included the detailing of headache characteristics and of the effects of migraine on social
adaptation. The endovascular intervention was performed in 61 patients. Dynamic follow-up data were
obtained for 36 patients, of which 24 migraine patients had an assessment of headache characteristics
before and after the foramen ovale closure. RESULTS: Within the cohort of patients with patent foramen
ovale accompanied with functionally significant shunting and with a previous episode of ischemic stroke,
the incidence of migraine was 39.2% (no aura — 21 patients or 55%; with aura — 17, or 45%), while the
proportions of women and men being 1.9:1. The rate of headache attacks was 4 [1; 7] days per month. In
6 months after the installation of the foramen ovale occluder, migraine patients were showing a significant
decrease in the rate of headache onsets from 4 [2; 24] to 2 [1; 5] days a month (p=0.009); a decrease was
reported for pain intensity from 7 [7; 9] to 3 [3; 7] points of the visual analogue scale for pain (p=0.0001)
along with a decrease in the degree of migraine affecting the patients’ everyday activity from 20 [6; 89]
to 17 [2; 26] points (p=0.019) of the MIDAS questionnaire. CONCLUSION: The present research has
confirmed the high incidence found in a cohort of patients with patent foramen ovale. Installation of the
occluder resulted in a decrease in the rate and intensity of headache along with a decrease of migraine
affecting the social adaptation. The research limitations were a small number of patients and the absence
of data on the residual shunting circulation.

Keywords: patent foramen ovale; migraine; migraine with aura; ischemic stroke; paradoxical embolism;
right-left shunt; patent foramen ovale closure.
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OPUTUHAJIbHOE NCC/TIEAOBAHUE

OTKPbITOE OBAJIbHOE OKHO N MUTPEHD

Y NAUMEHTOB, NEPEHECLWUX MWWEMUYECKUIA UHCYJIbT:
PACMPOCTPAHEHHOCTb, MATOTEHETUYECKAA
B3AUMOCBA3b, BIMAHUE SHOOBACKYJIAPHOIO 3AKPbITUA

A.B. BenonacoBa', A.O. YeueTkuH', B.]. MepexkKo?
1 HayuHblii LeHTp HeBposoruu, Mocksa, Poccus;
2 TBepcKoI rocynapCTBEHHbIN MEOULWMHCKWIA YHUBEPCUTET, TBEPb, Poccus

AHHOTALMUA

O60ocHoBaHue. MurpeHb — XpOHUHYECKOE HEHPOCOoCyaNCToe 3ab0sieBaHNE C BbICOKOM PacrpoCTpaHEH-
HOCTbIO Y MEAVIKO-COLMasbHO 3Ha4YMMOCTbI0. HecMOTpsi Ha 60s1ee YeM roJlyBEKOBYIO NCTOPUIO N3yHe-
Hus 3ab0s1eBaHuIs], NaToreHe3 MUrPeHN 4O KOHUA He PacKpbiT. Pe3ynsTarsl 0TAe/IbHbIX NCCeq0BaHui
JAEMOHCTPUPYIOT B3aUMOCBSI3b MUMPEHU C Ha/IMYNEM OTKPLITOrO 0BaJIbHOrO OKHA U LLYHTUPYIOLLIErO KPO-
BOTOKa cripaBa HasneBso. Ljenb nccnegoBaHnss — yTo4YHEHWE pacrpoCTPaHEHHOCTY U KIIMHUYECKNX Xa-
PaKTEPUCTUK MUMPEHU, a TaKXKe BJINSIHUSI 9HAOBACKYJISPHOM YCTaHOBKM OKKJIIO4epa OTKPbLITOro oBaslb-
HOro OKHa Ha TeHeHNe MUrPEHU B KOropTe NayneHTOoB, NEPEHECLUNX ULLEMUYECKNIA MHCYJ/IBT M0 MEXaHN3-
My napafgokcasibHou aMb0/y BCAeACTBMNE (PYHKLMOHAIBHO 3HAYUMOIrO OTKPBLITOrO OBasbHOIoO OKHA.
MeTtopgbi. O6cnegosaHo 97 nauneHTOB B Bo3pacTe oT 18 go 50 net (cpeaHwii BospacTt 32,29+2,19 roga;
70,8% >xeHLuuH), npoxoauBLunx obcnenosaHne B Hay4yHOM LeHTpe HeBposaorun ¢ siHBapsi 2018 o ok-
T56pb 2023 roga. Bce naymeHTbl NepeHecsi ULLEMUYECKNIA NHCYJ/LT 10 MeXaHu3My rapagoKcasibHOM
3amMb0/IMK, accoUNNpPOBaHHbIA C HaJIMYNEM OTKPLITOrO OBaJslbHOr0 OKHa W LUYHTOM BbICOKOW (DYyHKLMO-
HaJIbHOW 3Ha4uMOoCTy. Bcem naymeHTam npoBoanIack OLEeHKa COCTOSTHUM, aCCOLUMNPOBAaHHbIX C HaIndm-
€M OTKPbITOrO 0BaJsIbHOr0 OKHa — MUIPEHY C aypor v 6e3 aypbl, y TOYHS/INCh XapakTEPUCTUKM rOJIOBHOM
601 1 BJIVNSIHUE MUTPEHU Ha coLmasbHyo agantaymio. SHA0BAaCKYAsiPHOE BMELLATE/IbCTBO MPOBEAEHO
61 naymeHTy. Nony4eHbl aHHbIE AuHaMUYeCKoro obcnegoBaHus 36 naymeHToB, U3 HUX y 24 nayueH-
TOB C MUIrPEHbIO Obliiv OLEHEHbI XapakTEPUCTUKM rOJIOBHOM 60/ [O M MOC/e 3aKPbiTVsST 0BabHOMroO
OKHa. Pe3ynbraTtsl. Cpeayn KOropTb! MayneHToB C OTKPbITbIM 0BasibHbIM OKHOM C (ByHKLMOHAaIbHO 3Ha-
YUMBIM LLYHTOM, NEPEHECLUNX ULLIEMUYECKNIA MHCYJILT, PacrpoCTPaHEHHOCTb MurpeHu coctasuna 39,2%
(6e3 aypbi — y 21 4enoseka, unm 55%; ¢ aypovi — y 17, unn 45%), COOTHOLLEHNE XXEHLUYMH U My>X4nH 1,9:1.
YacTtoTa npucTtynos ronosHo 6oau coctasuna 4 [1; 7] gHs B mecsy. Yepes 6 MecsLes rnocse ycraHoB-
KW OKKJI0A4€epa 0BajibHOr0 OKHa y NalueHTOB C MUMPEHBIO BbISIBJIEHO JOCTOBEPHOE CHUXEHUE YacTOThl
npUCTYnoB roaoBHoM 6o ¢ 4 [2; 24] go 2 [1; 5] gHen B mecsiy (p=0,009); cokpaLleHne MHTEHCUBHOCTY
6o ¢ 7 [7; 9] go 3 [3; 7] 6annoB no Bu3yasibHOM aHa0roBow Lkane oyeHkn 6osu (p=0,0001); ymeHb-
LUEHVEe CTEeNEHU BINSIHUS MUTPEHW Ha rNoBCEeAHEBHYK akTUBHOCTL nayneHToB ¢ 20 [6; 89] go 17 [2; 26]
6asnioB (p=0,019) cornacHo onpocHuky MIDAS. 3aknro4deHune. HacTosiLjee nccnegoBaHvie nogreepam-
J10 BbICOKYIO PacrpoCTpPaHEHHOCTb MUMPEHU B KOrOPTE NaLNeHTOB C OTKPbITbIM 0BaJlbHbIM OKHOM. YCTa-
HOBKa OKKJItogepa rpuBesa K YMEHbLUEHUIO YacTOThbl U UHTEHCUBHOCTY FOJI0BHOM 60/, YMEHBLLEHUIO
BJIMSIHUSI MUrPEHU Ha couymasibHyto aganTtauuio. OrpaHn4YeHnemM nccaegoBaHns ctaam He60IbLLIOE YUCITIO
naLneHToB Y OTCYTCTBME AaHHbIX 10 OCTaTOYHOMY LLYHTUPYIOLLEMY KPOBOTOKY.

KnrodyeBble cnoBa: OTKPbITOE OBal/lbHOE OKHO, MUIrpeHb, MUrpeHb C aypOl7],' NLLIEMUNYECKNI WHCYJIbT;
rnapagokcasibHas amb6ous; I'IpaBO-/'IeBbIVVI LLYHT; YyCTaHOBKa OKKJirogepa oBaJ/ibHOIro OKHa.

Ansa yntupoBaHus:
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BACKGROUND

Migraine is a widespread neurological disease
(found in 12-15% of the population), the pathogenesis
of which is not completely clear [1, 2]. During the last
decades, the factors are being studied that predispose
the development of cephalgia, one of which is the
presence of a patent foramen ovale.

Patent foramen ovale is the form of intracardial
communication, anatomically representing an opening,
located in the central part of the interatrial septum.
Patent foramen ovale is a rudiment form of normal
embryonic circulation, which normally should close
during the first year of life in a child, however, it remains
unclosed in 1/4 of the population [3]. The morphological
variability is found both in the dimensions and in the
shape of the oval foramen — from a simple opening
covered by a valve to a long corrugated passage.
The structure of the patent foramen ovale defines the
degree of shunting circulation passing through the
opening, which may vary from small to significant. The
diagnostics of the patent foramen ovale is being carried
out using the transthoracic and transesophageal
echocardiography. For the purpose of verifying the
degree of shunting circulation, a micro-bubble test with
intravenous administration of the contrasting agent
is used (most frequently — an aerated physiological
saline), allowing for quantitative assessment of the
shunting degree by means of calculating the number of
signals from the micro-bubbles. The most widespread
and informative method used to perform the micro-
bubble test is the transcranial Doppler sonography
with the registration of embolic air signals in the middle
cerebral arteries [4, 5].

The relation between the patent foramen ovale and
migraine was first described by S.M. Del et al. [6] in 1998.
The authors have found that the rate of patent foramen
ovale presence in migraine patients was significantly
higher comparing to healthy individuals. Later on,
a number of research works have confirmed that the
occurrence rate of migraine among the individuals with
patent foramen ovale is 2-3 times higher than in the
general population [7-10], correlating with the degree
of shunting circulation [11]. Besides the possible
interrelation with the onset of migraine attacks, patent
foramen ovale plays a role in the development of stroke
by employing the paradoxical embolism mechanism.
In younger patients with cryptogenic ischemic stroke
and migraine with aura, the occurrence rate of having
a patent foramen ovale reaches up to 93% [12, 13].

The mechanism of the effects of right-to-left
shunting circulation on the onset of migraine attack

is not yet completely clear. According to one of the
hypotheses, 5-hydroxytryptamine (5-HT, or serotonin)
contained in platelets, has one of the leading roles in
the development of migraine. Normally, practically all
the serotonin present in venous blood is being removed
by decomposition in lungs. In case of the presence of a
patent foramen ovale, it is supposed that the passage
of platelets through the narrow opening of the foramen
ovale promotes hyperaggregation of platelets with the
secretion of serotonin and other vasoactive mediators
into peripheral blood. High 5-HT concentrations induce
vasoconstriction of meningeal arteries with developing
aura symptoms, while lesser 5-HT concentration
promotes vasodilation due to synergetic effects with
nitrogen oxide (NO) and prostaglandins, stimulating
the pain receptors of pial arteries, which leads to the
development of the headache phase [14]. Alternative
hypothesis considers the migraine attack predictor
being the decrease in blood oxygen saturation due
to right-to-left shunting. A research by T. Takano
et al. [15] has shown that cortical spreading depression
is associated with severe hypoxia, while the elevation
of partial oxygen pressure (pO,) shortens its duration.
According to the third hypothesis, the development of
spreading depolarization is related to microembolism
of the cortical arteries. Animal studies conducted by
M.A. Moskowitz et al. [16] at the laboratory of Harvard
University, have demonstrated that air and platelet
aggregates, injected to 28 mice directly into the carotid
arteries, initiate cortical spreading depression. Upon
the injection of air microemboli (with the diameter
of <10 ym), polystyrene microspheres (10 ym) and
cholesterol particles (<70 pm), the microembolism
has induced the development of cortical spreading
depression in 16 (57%) animals. Some mice had
ischemic changes detected in the cortical neurons
with no focal changes upon neurovisualization.
Smaller emboli (with the diameter of <10 um) have
induced rapid and transient episodes of cortical
spreading depression, related to significant decreases
of cortical perfusion. Larger emboli (<70 ym) had
higher probability of inducing microinfarctions,
however, the latter were not detected upon cerebral
visualization, though being verified upon histological
examination. The authors draw up a conclusion that
the majority of emboli are too small and they rapidly
undergo spontaneous lysis, by this causing the onset
of depolarization events with no developing clinically
significant ischemia. In contrast, larger emboli,
resistant to lysis, can become the culprit of cortical
microinfarctions [17].
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Endovascular closure of the patent foramen ovale
using the special devices (occluders) is the main
treatment method for functionally significant cases of
foramen ovale. In 1992, the first transcutaneous closure
of the patent foramen ovale was performed in a patient
with ischemic stroke occurring via the mechanism of
paradoxical embolism [18]. In 2000, PT. Wilmshurst
et al. [19] have first reported the benefits of patent
foramen ovale closure in migraine patients. To the
present moment, a significant number of observation
research works were carried out in real clinical
practice [20-24] along with several large randomized
controlled research works, in particular, MIST (Migraine
Intervention With STARFlex Technology), PRIMA
(PRIMA PFO Migraine Trial) and PREMIUM (Prospective,
Randomized Investigation to Evaluate Incidence of
Headache Reduction in Subjects With Migraine and
PFO Using the AMPLATZER PFO Occluder to Medical
Management) [20-22], which have demonstrated
controversial results with regard to the effects of
foramen ovale closure in the course of migraine.

In Russia, endovascular installation of occluders for
closing the foramen ovale for the purpose of secondary
prevention of paradoxical embolism-related ischemic
stroke has been performed since 2018, however, there
was no evaluation performed on the incidence of
migraine among the patent foramen ovale patients and
on the effects of foramen ovale occluder installation on
the course of cephalgia until the present moment.

Research aim — detailing the incidence rates and
clinical characteristics of migraine, as well as the effects
of endovascular installation of the patent foramen ovale
occluder on the migraine course in a cohort of patients
that had an episode of ischemic stroke caused by the
mechanism of paradoxical embolism due to functionally
significant patent foramen ovale.

METHODS

Research design

A prospective non-randomized open-label research
was carried out to assess the effects of patent foramen
ovale occluder installation on migraine course within
the Russian cohort of patients.

Conformity criteria

Inclusion criteria: group | — patients after an episode
of ischemic stroke caused by the mechanism of
paradoxical embolism; group Il — patients with a past
episode of ischemic stroke resulted by paradoxical
embolism and after the procedure of patent foramen
ovale closure with a past history of migraine.

ORIGINAL STUDY ARTICLE

Non-inclusion criteria: patients having a concurrent
cause of developing a stroke; other neurological
or mental disease; concomitant severe somatic
disturbances; past history of hemiplegic migraine or
cluster headache; preventive treatment of migraine
(tablets or injectables) within 3 months prior to the
inclusion into the research program.

Exclusion criteria: less than 80% of headache diary
keeping compliance; refusal from repeated visiting
the neurologist after the installation of patent foramen
ovale occluder.

Research facilities

The research included 97 patients aged from
18 to 50 years old (39 females and 56 males, mean
age: 32.29+2.19 years old), undergoing examination
procedures at the Federal State Budgetary Scientific
Institution “Research Center of Neurology” from
January 2018 until October 2023. All the patients had
an episode of ischemic stroke caused by paradoxical
embolism, associated with the presence of patent
foramen ovale with moderate and severe interatrial
shunting circulation.

Medical procedure description

The degree of shunting circulation from the right
side to the left one was evaluated using transcranial
Doppler sonography with the administration of the
contrasting agent — agitated mixture of 9 mm 0.9%
physiological saline and 1 ml of air. The shunting
degree was calculated using the number of registered
microembolic signals: no shunting — 0 microembolic
signals; insignificant — from 1 to 20 microembolic
signals; moderate — more 20 microembolic signals
with no “curtain effect”; severe — a “curtain” of
microembolic signals, where a single signal cannot be
recognized within the circulation spectrum [7].

The evaluation of the interrelation of the stroke
episode in the past with the detected patent
foramen ovale was carried out using the paradoxical
embolism risk score (Risk of Paradoxal Embolizm,
RoPE). The mean RoPE scale value in the group
was 8.3+1.09 points, which confirms the high (84%)
probability of an interrelation between the ischemic
stroke and the presence of patent foramen ovale [23].

All the patients have underwent an assessment of
their conditions, associated with the presence of the
patent foramen ovale, in the settings of having migraines
with aura (MA) and without aura (MnA). The migraine
diagnosis was set in accordance with the International
headache classification, beta-version (3rd edition,
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2018, IHC 3 beta) [24]. In case of having migraine, the
patients were included into research group 1: ischemic
stroke + patent foramen ovale + migraine (group |,
IS+PFO+Migraine). The algorithm used for selecting
the patients is provided in Fig. 1.

After the confirmation of paradoxical embolism,
all the patients had been given the recommendations
of installing the patent foramen ovale occluder for the
purpose of secondary prevention of strokes. Endovascular
interventions were performed in 61 patients. After the
occluder installation, the patients had a 6 months period
of taking double antiplatelet therapy (Acetylsalicylic
acid + Clopidogrel), then, according to the European
recommendations from the Endovascular surgery
society on managing the patent foramen ovale patients
(2019) — only acetylsalicylic acid at a dosage of 75—
100 mg/day [25]. Six months after the foramen ovale
closure, repeated patient’s visit was scheduled for
evaluating the somatic and neurological status.

As of the moment of drafting the article, the data
were obtained from dynamic follow-up of 36 ischemic
stroke patients with patent foramen ovale occluder

installed, of which 24 patient had migraine, which were
included in to the second research group: ischemic
stroke + patent foramen ovale + occluder + migraine
(group 1l, IS+PFO+Occluder+Migraine), where the
cephalgia characteristics were assessed before and
after the endovascular closure of the foramen ovale.

Methods for registration of outcomes

The patients in the main research groups were filling
in a standard questionnaire including the demographic
data, the clinical features of migraine course (duration
of disease, attack rate during the last month, attack
intensity according to visual analogue scale), the
information on the presence of vascular risk factors
(arterial hypertension, diabetes mellitus, smoking and
intake of oral contraceptive pills) and the presence of
past or chronic diseases.

The rates and clinical characteristics of migraine
attacks were assessed using the paper or digital
version of headache diary, which the patient had to
fill in for 3 months before the installation of the patent
foramen ovale occluder and for 3 months after the

Patients with ischemic stroke caused by paradoxical embolism mechanism
n=97 (100%)

Migraine (-)
n=59 (60.8%)

Migraine without aura
n=21 (55.3%)

Migraine (+)
n=38 (39.2%)

Group I
n=38 (100%)

Migraine with aura
n=17 (44.7%)

Six months after the closure of the patent foramen ovale

Migraine without aura
n=17 (70.8%)

Group II**
n=24 (100%)

Migraine with aura
n=7 (29.2%)

Fig. 1. Flowchart of the algorithm used for distributing patients into research groups.
Note. * Group | — ischemic stroke + patent foramen ovale + migraine. ** Group Il — ischemic stroke + patent foramen

ovale + occluder + migraine.

www.clinpractice.ru 53

2024

Vol 15 &3



foramen ovale closure. The dairy had to be filled in on
a daily basis and had to show at least 80% of dairy
filling compliance.

For the purpose of assessing the quality of life
and the effects of migraine on everyday activity and
working capacity, all the patients had to fill in (twice —
before and in 6 months after the occluder installation)
the MIDAS questionnaire (Migraine Disability
Assessment). According to the questionnaire, the total
number of points ranging from 0 to 5 corresponded
to low pain intensity, absence or minimal decrease
of everyday activity; 6-10 points — moderate/severe
pain, insignificant limitation of everyday activity;
11-20 points — severe pain, significant restriction of
everyday activity; from 20 points and higher — severe
pain, significant restriction of everyday activity [26].

Research outcomes

The research endpoint included changes in
headache intensity, in the number of headache days
and in the level of social de-adaptation in a patient in
6 months after the installation of patent foramen ovale
occluder.

Ethical review

The research was approved by the local ethics
committee of the Federal State Budgetary Scientific
Institution “Research Center of Neurology” (minutes
of the meeting No. 1-4/22 dd. 19.01.2022). Each
patient had signed a voluntary informed consent for
participating in the research activities.

Statistical analysis
The procedures of statistical analysis were carried
out using the IBM SPSS Statistics 23.0 application

ORIGINAL STUDY ARTICLE

software package. The main descriptive statistics for
categorical and ordinal variables included the rate and
the percentage (n, %), while for normal distribution of
quantitative variables — the mean values and standard
deviation (M+SD), as for the data, the distribution of
which did not meet normality criteria — the median
and quartiles 1-3 (Me [Q25%; Q75%)]). The comparative
analysis of two independent groups by quantitative
variable was carried out using the Mann-Whitney test.
The null hypothesis was rejected in case of p <0.05.

RESULTS

Research sample (participants)

Among 97 patients with ischemic stroke caused by
paradoxical embolism, 38 (39.2%) were diagnosed with
migraine, of which 21 (55.3%) had MnA and 17 (44.7%)
had MA,; the ratio of women and men was 1.9:1. The
frequency of headache days per month was 4 [1; 7],
which corresponds to criteria for infrequent episodic
migraine. The main characteristics of headache
corresponded to the average population values
(table 1).

Group Il (IS+PFO+QOccluder+Migraine) consisted
of 24 patients having migraine with or without aura.
Further analysis did not include an assessment of
dynamic changes in migraine characteristics after the
installation of patent foramen ovale occluder within
the MA and MnA groups due to insufficient statistical
power of the research group (table 2).

Primary findings

Based on the results of analyzing the dependent
samples (before and after the installation of occluder),
a significant decrease was found in the frequency
of migraine attacks — from 4 [2; 24] to 2 [1; 5] days

Clinical characteristics of migraine in patients from group | (IS+PFO+Migraine)

Characteristics

Mean age, years (M+SD)

Age of headache onset, years (Me [Q25%; Q75%)])
Headache history, years (Me [Q25%; Q75%)])
Women, n (%)

Men, n (%)

Hereditary history, n (%)

Frequency — migraine days per month (Me [Q25%; Q75%))

Headache intensity (VAS), points (Me [Q25%; Q75%d)])
MIDAS, points (Me [Q25%; Q75%)])

Table 1
Migraine Migraine Migraine
patients with no aura with aura
n=38 (100%) n=21 (55.3%) n=17 (44.7%)
35.76+1.41 33.67+1.93 38.50+1.90
20.06+1.78 21.72+2.43 18.07+2.61
16.12+1.85 13.17+2.38 19.67+2.70
25 (66) 13 (62) 12 (71)
13 (34) 8 (38) 5 (29)
22 (57) 13 (62) 9 (563)
411;7] 411; 5] 411;12]
6 [5; 7] 6 [6; 7] 6 [5; 6]
20 [5; 49] 25 [5; 49] 18 [6; 39]
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Table 2

Demographical and Clinical characteristics in patients from Group Il (IS+PFO+Occluder+Migraine)
before the installation of patent foramen ovale occluder

Characteristics

n=24 Parameter
Women, n (%) 17 (71)
Age, years (Me [Q25%; Q75%)]) 36 [30; 43]
Migraine with aura, n (%) 7 (29)
Number of headache days a month (Me [Q25%; Q75%)]) 4 [2; 24]
Pain intensity (VAS), points (Me [Q25%; Q75%)]) 717; 9]
De-adaptation degree (MIDAS) (Me [Q25%; Q75%]) 20 [6; 89]
normal 14 (59)
Characteristics of the interatrial -
septum, n (%) hypermobility 2(8)
aneurism 8 (33)
Shunting degree according insignificant -
to data from transcranial
Doppler sonography, n (%) moderate/severe 24 (100)
. 5- p=0.009 8 - p=0.0001
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Fig. 2. Dynamic changes in the frequency and intensity of headache before and after the installation of PFO occluder.

a month (p=0.009) along with a decrease in the
headache intensity from 7 [7; 9] to 3 [3; 7] points of VAS
(p=0.0001) (Fig. 2). A statistically significant decrease
was found in the degree of migraine affecting patient’s
everyday activity — from 20 [6; 89] to 17 [2; 26] points
(p=0.019), according to MIDAS questionnaire (Fig. 3).

DISCUSSION

Despite the significant number of conducted
researches studying the interrelation of migraine
with the presence of patent foramen ovale and its
endovascular closure, to the present moment, there
is no univocal opinion regarding the commonness of
the pathogenesis in the said conditions. Taking into
consideration the wide spreading of both nosologies,
there is a probability for both diseases (comorbidities)
existing in a single person.

p=0.019

120 H
100 A

80 A

T

20 A

Points of MIDAS scale
()]
o

0 I T
Before the installation After the installation
of the occluder of the occluder

Fig. 3. Dynamic changes in the levels of social de-adaptation
of migraine patients before and after the installation of PFO
occluder.
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Our research works has confirmed the thesis on
the high incidence of migraine in patent foramen ovale
patients: approximately 40% of research participants
were suffering from cephalgia, which corresponds to
the data from P.T. Wilmshurst [11], according to which,
the incidence of migraine in cases of patent with patent
foramen ovale with moderate shunting was 25%, while
in cases of significant shunting — up to 53%.

The incidence for MA and MnA patients in our
sample was 45% and 55%, respectively, while the
patent foramen ovale, according to literature data,
was associated predominantly with classic migraine
(the occurrence rate for migraine with aura among the
patients with patent foramen ovale is within the range
of 46-88%) [27, 28].

The conducted research had a women to men
ratio of 1.9/1, while the specific feature of migraine is
the prevalence in female population with the ratio of
women and men during the peak incidence period
(80-45 years) being 3 — 4/1 [29].

When assessing the clinical characteristic of
cephalgia, no specific features of the disease course
were found, which complies with the results of SAM
(Shunt-Associated Migraine) prospective multi-center
observational research with the participation including
460 patients, the objective of which was to reveal the
difference in the clinical signs of migraine depending on
the presence of right-to-left shunting circulation. The
differences in disease symptoms among the patients
with patent foramen ovale (58%) and without one
(42%) were also not detected. The authors came to the
conclusion that the right-to-left shunt, apparently, plays
arole in the initiation of migraine attacks, however, not
affecting its clinical characteristics [30].

Data from real clinical practice indicate the presence
of positive effects caused by foramen ovale occluder
installation on the course of migraine, by this confirming
the commonness of pathogenesis. From the beginning of
2000, more than ten observational research works were
conducted, successfully demonstrating a decrease in
the severity and in the duration of headache attacks
along with the number of medicines used to alleviate
migraine attacks, as well as an improvement in
the quality of life according to data from HIT-6 and
MIDAS scales in patients undergoing an installation
of patent foramen ovale occluder [31-35]. So, the
data from randomized controlled research are not so
unambiguous. The objective of MIST [20], PRIMA [21]
and PREMIUM [22] research works was an assessment
of the effects caused by endovascular installation of
the patent foramen ovale occluder on the course of

ORIGINAL STUDY ARTICLE

migraine. Though none of the research activities had
reached its primary endpoints (elimination of migraine
in 6 months during the MIST research; decreasing the
monthly rate of migraine attacks in 9-12 months during
the PRIMA research; decreasing the migraine attacks
>50% within 1 year during the PREMIUM research),
upon achieving the secondary endpoints, a benefit was
demonstrated for the patent foramen ovale closure,
especially in patients having migraine with aura.

Our research has shown positive dynamic changes
in cephalgia parameters in 6 months after the installation
of patent foramen ovale occluder, namely: a statistically
significant shortening of frequency (in days) and
a decrease in the intensity of headache; a decrease
in the degree of migraine affecting the patient’s
everyday activity. The obtained results confirm the
method’s efficiency, just like the previously conducted
observational researches. Insufficient level of evidence
found in the results of randomized controlled researches,
may be related to specific features of selecting the
patients with drug-resistant migraine, which often resists
any correction, including also the drug-free modalities.
Our cohort, like in other research works employing
the settings of real clinical practice, had a prevalence
of patients with initially low rate of headache days,
corresponding to episodic migraine.

After an installation of the occluder, all the patients
were receiving double antiplatelet therapy with
acetylsalicylic acid and clopidogrel, thus, besides the
elimination of shunting, the prescribed therapy was
directed to decreasing the aggregation properties
of platelets. Taking into consideration the hyper-
aggregation theory of migraine pathogenesis [14], the
literature contains a discussion on what is causing
the efficiency of endovascular treatment for patent
foramen ovale — the fact of eliminating the shunt itself,
the drug-induced decrease in platelet aggregation
during the post-surgery period or the synergy of
both methods. That being said, the CANOA research
(Clopidogrel for the prevention of new migraine
after transcatheter closure of the interatrial septal
defect) has shown that, among the patients with
a past episode of transcatheter closure of interatrial
septal defect using the Amplatzer apparatus, the
combination of acetylsalicylic acid and clopidogrel
taken for 3 months after the procedure, as compared
to acetylsalicylic acid monotherapy, resulted in lesser
number of migraine attacks within 3 months [36]. The
retrospective research by R.J. Sommer et al. [37]
has shown that successful inhibition of platelet
thienopyridine P2Y12-receptors improves the course
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of migraine in patients with patent foramen ovale and
is considered a prognostic marker of the efficiency
of endovascular patent foramen ovale closure for the
prevention of migraine. Investigators propose using
the sensitivity to thienopyridine antiaggregants when
selecting migraine patients for further research works
on the closure of patent foramen ovale.

In January 2021, the European recommendations
were issued on managing the patients with patent
foramen ovale and migraine [38], containing regulations
on the endovascular treatment of functionally significant
patent foramen ovale in case of diagnostic procedures
being performed among the patient with transient
ischemic attacks or ischemic stroke caused by
paradoxical embolism and with concomitant migraine,
as well as on the procedures of occluder installation as
a “salvage therapy” in patients with refractory migraine
and the significant decrease in the quality of life. Taking
into consideration the literature data mentioned above,
as well as the proprietary clinical experience within the
framework of the conducted research, the conclusions
drawn up by the colleagues appear justified and
rational.

Research limitations

The limitations of the present research were a small
patient sample and insufficient duration of migraine
course dynamic assessment after the occluder
installation.

When assessing the research results, the data on
the presence of residual shunting circulation were
not registered. The research by E. Ben-Assa et al. [8]
has shown the significance of residual shunting for the
dynamic course of migraine. The absence of shunting
from the right side to the left was associated with
a decrease in migraine burden by more than 50%
(OR4.60; 95%CI 1.30-16.10; p=0.017). Besides, the
main research population included patients after an
ischemic stroke, which is why the obtained results
cannot be projected to the general cohort of patients
with migraine and patent foramen ovale.

CONCLUSION

Further research on the effects of endovascular
closure of the patent foramen ovale on the course
of migraine shall take into account the sensitivity to
thienopyridine antiaggregants with evaluating the
dynamic course of the disease during a time period
of not less than 12 months after the installation of
occluder with a background of initiating and canceling
the double antiaggregant therapy. The important

aspect is also an evaluation of the procedure safety
and efficiency (complete closure of the right-to-left
shunt or preserving residual shunting) for the treatment
of such a patient cohort.
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REPEATED ARTHROSCOPY OF THE ANKLE JOINT
AFTER DISTRACTION ARTHROPLASTY, A CASE SERIES
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ABSTRACT

BACKGROUND: Distraction arthroplasty of the ankle joint is the treatment method used for the cases of
terminal osteoarthritis of the ankle joint that allows for delaying the arthrodesis or the total endoprosthesis
replacement. The therapeutic effect is being achieved due to the separation of the articular surfaces
(arthrodiastasis) with using the llizarov frame (or other devices for external fixation) for a period of 8—12 weeks.
Only one research was described with the patients undergoing repeated arthroscopy of the ankle joint after the
distraction arthroplasty in a combination with microfracturing of the cartilage defects, or repeated arthroscopy
at the moment of removing the external fixation device (after 3 months). AIM: To study the changes in the
articular surfaces according to the Outerbridge before and after the distraction arthroplasty of the ankle joint
using the repeated arthroscopy of the ankle joint. METHODS: A total of 17 distraction arthroplasty surgical
interventions of the ankle joint were performed (7 [41.2%] females and 10 [58.8%] males; the mean age of
the patients was 48.5+13.57 years). Repeated arthroscopy of the ankle joint due to the recurrence of anterior
impingement-syndrome after the distraction arthroplasty of the ankle joint within up to 12 months from the
moment of removing the llizarov frame was carried out in 4 patients. For the evaluation of the treatment
results, the Foot and Ankle Ability Measure (FAAM) scales were used, with an evaluation of pain, functions,
deformity and the alignment of the foot and of the ankle joint (AOFAS Ankle-hindfoot scale), with subjective
evaluation of pain (VAS); the status of the cartilage tissue in the ankle joint was evaluated using the modified
Outerbridge scale. RESULTS: In all the patients, a statistically significant improvement of the functional
result was found in 12 months from the moment of surgery when using the FAAM (p=0.0006) and AOFAS
Ankle-hindfoot scales, as well as after removing the llizarov frame in 1, 3 and 6 months. The pain intensity
according to the VAS scale has decreased from 6.17+1.32 cm before surgery to 2 cm (1.4; 2.1) (p=0.00002) in
12 months. The arthroscopic findings upon the repeated interventions demonstrate the development of the
massive arthrofibrosis with its further degradation to the end of 6 months, also showing the restoration of the
cartilage defects from Quterbridge grade IV to grade lI-lll. CONCLUSION: Upon the repeated arthroscopy,
including the one performed at the end of 12 months after the distraction arthroplasty of the ankle joint, signs
of regeneration were observed in the cartilage tissue defects with further defect coverage with a cartilage-like
tissue, which, probably, determines the analgesic effect of the distraction arthroplasty of the ankle joint.

Keywords: distraction arthroplasty; ankle; llizarov frame; osteoarthritis.
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BACKGROUND

Distraction arthroplasty of the ankle joint is the
treatment method used for the cases of terminal
osteoarthritis of the ankle joint, the method that allows
for delaying the arthrodesis procedure (complete
immobilization of the joint by means of fusing the
adjacently located bones) or the total endoprosthesis
replacement. The therapeutic effect is being achieved
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due to the dissociation of the articular surfaces
(arthrodiastasis) by means of using the llizarov frame
(or other devices intended for external fixation) for
the period of 8-12 weeks [1]. For the purpose of the
effective use of the method, it is necessary to create the
arthrodiastasis of 5-6 mm [2]. The mobile (articulating)
and the fixated arrangements of the llizarov frame
are used, with the proven benefit of the articulating

The article can be used
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AHHOTALMUA

O6ocHoBaHume. [JuctpakynoHHasi apTporaacTuka roJleHOCTONMHOro cycrtaBa — MeTO/ JIeHeHUs Tep-
MUHaJIbHOro 0CTEeoapTpUTa roJIEHOCTOMHOIro CycTaBna, Mo3BOJISIOLNI OTCPOYUTL apTPOAE3NPOBaHNE
nm ToTabHOE SHZONPOTE3NPOBaHNE. Jle4ebHbi 3¢hheKT JOCTUraeTCsl 3a CHET pa3obLyeHus CycTaB-
HbIX [TOBEPXHOCTEN (apTpoanacTasa) C mMoOMOLbIO annapara VinnsapoBsa (wiv gpyrvx annapatoB BHELL-
Hel ¢ukcaymmn) Ha cpok 8-12 Hegesb. OnvcaHo BCcero ogHoO uUccregoBaHuWe rnauyneHToB C MoBTOP-
HOV apTPOCKOMNMe roJIeHOCTONMHOro cyctasa noc/e AUCTPaKLUYNOHHOV apTpOonaacTuku B KOMOuHaumm
C MUKPOpaKTypmpoBaHnem AedheKToB XpsLLa, MOBTOPHOM apTPOCKONUeR Ha MOMEHT 4eEMOHTAaxXa ari-
rnapara Hapy>xHou ukcaumm (Yvepes 3 mecsya). enb nccnegoBaHnss — N3y4nTb NBMEHEHUS CyCTaB-
HbIX roBepxHocTen rno knaccugukaymm QOuterbridge [o v nocnie ANCTPaKUMOHHOW apTpPONAIacTukuy
ro/IeHOCTOMHOro cycTaBa C NMOMOLLbIO MOBTOPHON apTPOCKONUU roJIEHOCTOMHOro cyctasa. Metopasl.
Bcero BbinosnHeHo 17 onepatyBHbIX BMELUATE/IbCTB M0 AUCTPAaKLUNOHHON apTpOonaacTuKe roaeHoCTorl-
Horo cyctaBa (7 [41,2%] >xeHwymH n 10 [58,8%] myxy4uH; cpegHwuii Bo3pacT naymeHToB 48,5+13,57 roga).
lNoBTOpPHasi apTPOCKOMNUS rOIEHOCTOMHOIO CycTaBa B CBSI3U C PeUnaNBOM repeaHero UMnuaXKMeHT-
cuHgpoMa nocse aNCTPakyMOHHON apTpOornaacTUKy roleHOCTOMHOrO cyctasa B CPOK 40 12 mecsyes
C MOMEHTa AeMOHTaxa annapara VinnsapoBa BbinosiHeHa 4 nayneHTam. [115 OoyeHKU pe3y/bTaToB
JIEYEHUST UCIOJIb30Ba/I LUKaJ/bl PYyHKUMOHAIbHOrO OrpaHmnYeHusi CToMbl U roJIEHOCTOMHOro cycraBa
(FAAM), ouyeHkun 6oau, hyHKUUM, feopmaymm v BbipaBHUBAHUS CTOMbl W rOIEHOCTONHOIO cycTaBa
(AOFAS Ankle-hindfoot scale), cy6bbekTnBHou ouyeHkn 6osm (BALL); cocTosiHne xpsiLya roaeHoCTorl-
HOro cycraBa OLeHuBasn C MOMOLYbI MoagnguympoBaHHon wkassl Outerbridge. Pe3yneratel. Y Bcex
naymeHToB OTMEYEHO CTaTUCTUHECKU 3HAYMMOE yrydlueHue YHKUMOHAaIbHOro pesynbtarta 4epes
12 mecsiyeB ¢ MomeHTa onepauuu o wkaaam FAAM (p=0,0006) n AOFAS Ankle-hindfoot scale, a Tak-
JKe riocrie geMoHTaxa annapara Vinnsaposa 4yepes 1, 3 u 6 mecsiueB. IHTeHCUBHOCTL 60 M0 LUKasie
BALLI chnsunacek ¢ 6,17+1,32 cm go onepauun o 2 cm (1,4; 2,1) (p=0,00002) yepes 12 mecsyes. ApTpo-
CKOMU4ecKasi KapTuHa rpu rnoBTOPHbIX BMELLIATe/IbCTBaxX AEMOHCTPUPYET pasBUTUE MaCCUBHOIo apT-
pogunbposa c ero nocaenyroLen gerpagaumen K 6 mecsijam, a TakXxe BOCCTaHOBJIEHNEM Ae(EKTOB
xpswa c IV ctenenn no Outerbridge go -1l cteneqn. 3aknoveHne. [1py MOBTOPHONM apTPOCKOMUH,
B TOM 4ucae crnycts 12 mecsyes rnocnie AUCTPakUMOHHON apTponaacTUKm roeHOCTOMHOro cycrasa,
OTMEYaITCS NPU3HaKN pereHepayny XpaLeBbiX 4eHEKTOB C MOKPLITUEM UX XPSALLEernog0OHON TKaHbIo,
4YTO, BEPOSITHO, 1 0BYC/I0B/INBAET aHa/lbreTU4eCKui a(heKkT ANCTPaKLMOHHON apTpOnaacTukuy roae-
HOCTOMHOro cycrasa.

KnroueBble cnoBa: aUCTpaKUMOHHas apTporiacTuka; ro/IeHOCTOMHbIVE cycTas; annapart Vinn3apoBa;
OCTE0apTpUT.
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arrangement. The method of distraction arthroplasty of
the ankle joint allows for delaying the radical intervention
(arthrodesis or endoprosthesis replacement) in 80% of
the cases by up to 5 years after surgery [3].

The epidemiological data show the values of
9-15% of the ankle joint osteoarthritis cases in the
general population, while among the causes of chronic
inflammation, it has a share of about 70-78% [4].

The mechanism of distraction arthroplasty of the
ankle joint is insufficiently studied. Several hypotheses
exist that explain the efficiency of the method. When
dissociating the joint, the cascade of events occurs:
mechanical unloading of the joint, improvement of
blood supply, creating an excessive negative pressure
within the joint cavity, increase in the number of
mesenchymal cells, activation of catabolism and
anabolism, resorption of subchondral sclerosis and
a decrease in the density of the bone tissue [5, 6].

The only research with studying the repeated
arthroscopy of the ankle joint after the distraction
arthroplasty is the research by Y. lkuta et al. [7], in
which the authors have studied a combination of
the distraction arthroplasty of the ankle joint with
microfracturing of the cartilage defects.

Research aim — an evaluation of the changes
in the articular surfaces in accordance with the
Outerbridge classification before and after the
distraction arthroplasty of the ankle joint using repeated
arthroscopy, as well as the evaluation of the efficiency
of the distraction arthroplasty of the ankle joint.

METHODS

Research design

Prospective non-randomized open-label multicenter
research.

The main method of the research was the analysis
of the arthroscopy images of the articular cartilage
in the ankle joint. Repeated arthroscopy after the
distraction arthroplasty of the ankle joint was carried
out in patients with the recurrence of the anterior
impingement-syndrome (subacromial syndrome) within
the period from the removal of the llizarov frame up to
12 months. The evaluation also included the clinical
results of conducted treatment based on the evaluation
systems (see “Methods for registration of outcomes”).

Conformity criteria

Inclusion criteria: stage Il post-traumatic osteoarthritis
of the ankle joint; patient’s age from 18 to 65 years old;
absence of infectious process in the joint; preserved motion
amplitude in the ankle joint — not less than 15 degrees.

ORIGINAL STUDY ARTICLE

Exclusion criteria: violations of the postoperative
regimen; violation of control check-up schedule by
more than 10 days.

Research facilities

The examination was carried out within the facilities
of the State Budgetary Healthcare Institution “Municipal
Clinical Hospital No. 13” under the Healthcare
Department of the City of Moscow, within the
facilities of the State Budgetary Healthcare Institution
“V.M. Buyanov Municipal Clinical Hospital” under the
Healthcare Department of the City of Moscow, and
within the premises of the State Budgetary Healthcare
Institution of the Moscow Oblast “Zhukovskiy Oblast
Clinical Hospital” during the period from 2022 until 2023.

Medical procedure description

The diagnosis of the anterior impingement-
syndrome was set based on the presence of pain
syndrome in the anterior segment of the ankle joint
upon the passive forced plantar flexion (plantar flexing
of the foot) and dorsiflexion (dorsal flexing of the foot),
also being confirmed by radiation diagnostics methods
(magnetic resonance tomography or radiography).

All the patients were initially undergoing arthroscopy
of the ankle joint with further installation of the llizarov
frame using the articulating arrangement, consisting
of a single ring and the U-shaped semi-circle for the
foot. The joint movements were initiated during the first
24 hours after surgery: the patients were using dosed
walking with crutches. In general, the arthrodiastasis
was reaching up to 5.5 mm and lasted for up to 8 weeks.

Methods for registration of outcomes

For the evaluation of the treatment results, the Visual
Analogue Scale for pain (VAS) was used along with the
FAAM (Foot and Ankle Ability Measure) scale, as well
as the clinical scale for the evaluation of pain, functions,
deformity and foot/ankle alignment from the AOFAS
(American Orthopaedic Foot and Ankle Society Ankle-
Hindfoot Scale) before treatment and after de-installing
the llizarov frame in 1, 3, 6 and 12 months. The evaluation
of the cartilage defects on the arthroscopy images was
carried out using the modified Outerbridge classification.

Ethical review

The conduction of the research was approved by
the local Ethics Committee of the Medical Institute of
the Federal State Autonomous Educational Institution
for Higher Education “Patrice Lumumba Peoples’
Friendship University of Russia”, protocol No. 10,
dd. September 22, 2022.
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All the patients have signed the voluntary informed
consent form.

Statistical analysis

The statistical processing of data was carried out
using the SciPy 1.12.0 and NumRu 1.24.2 statistical
libraries for Python 3.9.10 (Python Software Foundation,
Delware, USA). For each of the continuous variables,
the mean (M) and the standard deviation (SD) were
provided, or the median (Me) with the upper (25%) and
the lower quartiles (75%) depending on the type of
distribution. The hypothesis on the normal distribution
was verified using the Shapiro-Wilk test. The significance
of differences was tested using the Student t-test for
dependent samples with normal distribution, for the
non-normal distribution — using the non-parametric
Wilcoxon T-test and the calculation of the significance
level (p). The differences were considered statistically
significant if the p value was <0.05.

RESULTS

Research sample (participants)

A total of 17 distraction arthroplasty of the ankle
joint surgical interventions in combination with the
arthroscopy of the anterior segment of the ankle joint
were carried out in the patients with post-traumatic
stage Ill osteoarthritis of the ankle joint. The mean age

of the patients was 48.5+13.6 y.o.a., with the number of
women being 7 (41.2%) and men — 10 (58.8%).

The control radiography was performed after
de-installing the llizarov frame in 6 and 12 months.
In 10 patients, the findings included the anterior
impingement-syndrome due to the presence of
osteophytes, 4 patients had an impaired lateral
ligamentous complex, 2 were diagnosed with damaged
medial ligamentous complex, with 1 patient having
a local bone-cartilage defect of the of the talus
bone. Repeated arthroscopy of the ankle joint
was carried out for 4 patients with the anterior
impingement-syndrome: 1 — at the moment of
de-installing the llizarov frame, 1 —in 6 months, 2 —in
12 months. The characteristics of the patients with
repeated arthroscopy of the ankle joint are provided
in table 1. The indication for conducting the repeated
arthroscopy of the ankle joint was the recurrence of
the symptoms of the anterior impingement-syndrome.

Main research outcomes

In all the patients, there was a statistically significant
change in the functional results to Month 12 from the
moment of surgery according to the FAAM and AOFAS
scales, except for patient No. 2, in which the functional
decrease was found when applying these scales after
12 months (Fig. 1).

Table 1

Characteristics of patients with second-look arthroscopy

Body mass index, kg/m?

Patient Gender Age, years
1 M 65 274
2 M. 57 35.5
3 F. 44 30.9
4 M. 44 26.5
% AO FAS Scale
90 patient 1
patient 2
patient 3
80 patient 4
70
60
50
40
before 1 month 3 month 6 month 12 month
Time

Osteoarthritis type Time, months

Symmetrical 0
Talus bone collapse 12
Symmetrical 6
Asymmetrical 12
% FAAM Scale
80
70
60
50 patient 1
patient 2
patient 3
40 patient 4
before 1 month 3 month 6 month 12 month
Time

Fig. 1. Functional outcomes of patient measuring scales after ankle distraction arthroplasty.
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The pain syndrome had statistically significantly
decreased in all the patients to the end of 12 months
when using the VAS scale (p=0.00002), with the mean
values from 6.17+1.32 cm before surgery to 2 cm
(1.4; 2.1) in 12 months (Fig. 2).

Patient No. 1 before the distraction arthroplasty of
the ankle joint had a total absence of cartilage tissue
(grade IV according to the Outerbridge scale) (Fig. 3). At
the moment of de-installing the llizarov frame, repeated
arthroscopy was carried out, revealing the presence
of abundantly vascularized soft connective tissue,
which was completely filling the ankle joint cavity. The
arthroscopic signs of arthrofibrosis are provided in Fig. 4.

Patient No. 2 had a significant collapse of the talus
bone with incorrectly consolidated subtalar arthrodesis

cm VAS scale

8
patient 1

7 patient 2
patient 3

6 patient 4

5

4

3

2

1

0

before 1 month 3 month 6 month 12 month
Time

Fig. 2. Visual Analogue Scale outcomes after ankle
distraction arthroplasty.
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and a varus deformity of the lower limb axis, which are
prognostically unfavorable in the treatment when using
the distraction arthroplasty of the ankle joint. Before
surgical treatment, there were visible grade IV foci of
cartilage defects (Outerbridge) (Fig. 5). In 12 months
after the distraction arthroplasty of the ankle joint, due
to the recurrence of the anterior impingement-syndrome
and repeated formation of osteophytes in the anterior
segment, repeated arthroscopy was done. The visualized
findings included the coverage of the defect areas with
the cartilage-like tissue, showing the grade Il-llIl of the
Outerbridge classification (Fig. 6). Similar findings were
observed in patients No. 3 and No. 4.

Patient No. 3 previously had signs of arthrofibrosis,
which were not detected in 6 months from the moment

Fig. 3. Total absence of cartilage tissue of the talus of
patient No. 1 before ankle distraction arthroplasty.

Fig. 4. Arthroscopic image of total arthrofibrosis of patient No. 1 at the time of removing the llizarov frame.
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Fig. 5. Patient’s No. 2 talus before ankle distraction
arthroplasty with areas of grade IV cartilage defects by
Outerbridge.

of the distraction arthroplasty of the ankle joint. The
articular fissure is not filled with the connective tissue,
which allows for judging on its complete degradation to
the end of 6 months of follow-up.

Undesirable phenomena

The undesirable phenomena included the
inflammation in the area of the wires passing through
the calcaneal bone, developing in 6 weeks after
the installation of the llizarov frame (in 2 patients).
After the conservative treatment, positive effect was
reported.

DISCUSSION

The research works on the distraction arthroplasty
of the ankle joint are few, and when searching the
literature, we did not find any original research
works on the fundamental principles and scientific
justification of the efficiency of arthrodiastasis.
No research works were published previously on
the repeated arthroscopy of the ankle joint after the
distraction arthroplasty of the ankle joint with the
middle-term follow-up. There is a research of the
effects of the distraction arthroplasty of the ankle joint
in the cartilage tissue: based on the results of magnetic
resonance tomography, during the postoperative
period, an enlargement was observed in the cartilage,
reaching up to 0.5 mm comparing to data from the
examination before surgery [8].

As of today, 8 studies were published on the effects
of arthrodiastasis on the structure of the cartilage
tissue in the animals, which show an increase of the

Puc. 6. Patient’'s No. 2 talus 12 months after ankle
distraction arthroplasty with signs of regeneration of
cartilage tissue.

metabolic activity and restoration of Il type collagen in
the cartilage matrix, as well as an increase in the number
of reparative signaling molecules, corresponding to the
ones found in humans [9-16].

The research by F. Inori et al. [14] proves the
capabilities of distraction arthrogenesis. The distraction
of the fragment of the condyle of the femoral bone after
osteotomy was performed during the experiments in
rabbits (the fragment includes the cartilage and the
subchondral bone). Histological results indicate the
possibility of forming the new cartilage and subchondral
bone when using the distraction. This serves as
an evidence of the possible growth of cartilage
tissue in vivo.

Research limitations

The research limitation is the absence of histological
analysis of the developed regenerate, which could
confirm our opinion on the restoration of the cartilage
tissue. Taking into consideration the small total area of
the cartilage in the talus bone, as well as the initially
present terminal degree osteoarthritis, for the purpose
of preserving the maximal area of the cartilage,
the decision made was to refuse from performing
histological evaluation for the well-being of the patient.
The understanding of the mechanism of action of the
distraction arthroplasty of the ankle joint is a complex
issue open for discussion. For the purpose of defining
the clinical efficiency and studying the mechanism
of action of the distraction arthroplasty of the ankle
joint, further research works are required with more
prolonged follow-up period.

www.clinpractice.ru 65

2024

Vol 15 &3



CONCLUSION

Based on the data obtained during the repeated
arthroscopy, during the arthrodiastasis, the articular
fissure is being filled with fibrous vascularised tissue,
which gradually degrades and which is completely
absent in 6 months. There were signs of regeneration
in the cartilage defects with further covering with the
cartilage-like connective tissue, due to which, probably,
an analgesic effect develops after the distraction
arthroplasty of the ankle joint.

The research results confirm the efficiency of the
distraction arthroplasty of the ankle joint.
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THE METHODS OF PERFECTING THE SURFACE
OF TITANIUM ALLOY-BASED ENDOPROSTHESES
USED IN PEDIATRIC ONCOLOGY

E.K. Gorokhova, N.M. Markoyv, N.S. Grachey, A.V. Lopatin, I.N. Vorozhtsov, A.A. Dudaeva

Dmitry Rogachev National Medical Research Center of Pediatric Hematology, Oncology and Immunology, Moscow, Russia

ABSTRACT

The rehabilitation of pediatric patients with oncology diseases localized in the maxillofacial area is a complex
and long-term process. Most frequently, the resection area involves the maxilla or the mandible, which,
in turn, impairs the functioning of the whole dentofacial system. The restoration of the integrity of the facial
structures is the key task in the treatment of such patients. One of the main materials used for reconstructing
the jaws is the titanium alloy. However, despite its beneficial properties and characteristics, there is a high
risk of inflammation, encapsulation or failure of the endoprosthesis. The aim of the research was to analyze
the data available up to date on the methods of perfecting the surfaces of titanium endoprostheses based
on the published research works. After analyzing the articles devoted to the modification of the surface of
titanium constructions used for endoprosthetics, for the period from 2008 until 2022 (n=41), we came to
a conclusion that the modification of the surface of titanium endoprostheses results in an increase in its
osteointegration, which decreases the risks of failure for the constructions.

Keywords: titanium alloy; endoprosthesis; pediatric oncology; rehabilitation; jaw resection; plasma-
electrolytic oxidation.

For citation:

Gorokhova EK, Markov NM, Grachev NS, Lopatin AV, Vorozhtsov IN, Dudaeva AA. The methods of
perfecting the surface of titanium alloy-based endoprostheses used in pediatric oncology. Journal of

Clinical Practice. 2024;15(3):68-74. doi: https://doi.org/10.17816/clinpract609557

Submitted 16.10.2023

Revised 07.08.2024

Published online 29.09.2024

INTRODUCTION

Every year the number of oncological diseases
worldwide grows. According to our data, at the Federal
State Budgetary Institution “Dmitry Rogachev National
Medical Research Center Of Pediatric Hematology,
Oncology and Immunology” of the Ministry of Health
of the Russian Federation (Dmitry Rogachev NMRC
PHOI), for the time period of 2017-2022, a total of
118 patients aged from 3 to 18 years were admitted
with various neoplasms of the maxillofacial area,
of which malignant neoplasms were found in
49% and benign neoplasms were detected in 51%,
with the tumor process located in the maxilla reported
in 66% of the cases and in the mandible — in 34%.

Generally, the surgical treatment in cases of
oncology diseases located at the maxillofacial area is
accompanied by not only the functional impairment
(respiration, chewing, swallowing, speaking), but it also
results in significant esthetic problems [1]. The excision
of the tumor focus together with growth center can
cause the incomplete development of the jaws and
severe secondary deformation.

The growth and development of the upper and the
lower jaws, as well as the facial skeleton in general, in the
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opinion of a number of authors, depend on the correct
anatomic ratio between them [2]. During the childhood
and the adolescent age, when the development of the
facial skeleton is not complete, the most important
is to restore the integrity of the jaws and to stimulate
growth in the remaining bone fragments. Early
maxillofacial rehabilitation, when conducted timely,
helps decreasing the extent of secondary deformation
related to polyvisceral resections [3]. This is why early
restoration of the defect after the excision of the tumor
focus is an important aspect in reconstructive surgery.

There are multiple materials used for the restoration
of the integrity of jaws: natural (auto-, allo- and
xenotransplants) and synthetic (hydroxyapatite,
tricalcium phosphate, chirulen, metals alloys etc.),
mixtures of synthetic materials with the organic ones
are also being used. The main objective of searching
new artificial materials is to avoid using autobone
transplants in pediatric maxillofacial surgery in
order to preserve the donor area and to prevent
complications. On top of that, the significant downside
of autotransplants is the absence of growth potential
in the bone tissue flap, while the individually adjusted
construction made of artificial materials, for example
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HAYYHbIH OB30P

METO/ bl YCOBEPLUEHCTBOBAHUA MOBEPXHOCTWU
SHAOMNPOTE30B HA OCHOBE TUTAHOBbDIX CIMJIABOB,
NMPUMEHAEMbIX B AETCKON OHKOMNMEAUATPUU
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AHHOTALUA

Peabunntayms nayneHToB ETCKOro BO3pacTa C OHKONAaTO/I0rMen, JI0Kaan30BaHHON B YEIOCTHO-/INLE-
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“growing” endoprostheses, would not prevent the
growth of the facial skeleton in a child or undergo
eventual atrophy [4, 5].

Within the facilities of the Dmitry Rogachev NMRC
PHOI, the individually adjusted titanium constructions
are being used for replenishing the jaw defects. With
this, in case of failure in the vascularised bone flap,
repeated restoration of the defect is carried out using
the titanium prosthesis.

We have performed an analysis of 41 articles
describing the modifications of the surface of titanium
constructions used for endo-prosthetics, for the period
from 2008 to 2022.

TI-6AL-4V ALLOW

The main alloy that is used for endoprostheses
is Ti-6Al-4V. Its benefit is that it can be used in
3D-printers for creating any shape of endoprostheses.

The orthopedic implants must be biocompatible,
must have proper mechanical properties, corrosion and
wear resistance, also providing the osteointegration
capabilities for their safe and effective usage [6].

Titanium is an extremely reactive material. Due to
oxidation when interacting with water or air, it maintains
its main characteristics and resistance to the effects
of the environment. The oxidation film determines the
biocompatibility of titanium. Due to the presence of
negatively charged oxygen, there occurs the fixation of the
bone morphogenetic proteins (BMP), of blood proteins and
free calcium, promoting to the formation of the bone tissue
matrix. Ti-6Al-4V alloy has high mechanical resistance
with its torsional-axial characteristics being similar to
the ones of the normal bone [7]. However, despite all the
beneficial properties and characteristics of this metal,
titanium endoprosthesis is a foreign body in the organism
of the patient, which, in turn, can result in acute or chronic
inflammation, fibrous encapsulation and developing
granulation tissue. In order to solve this problem, the
biomimetic approach is being used: changes are made
in the structure and in the content of the implant surface,
making it more compatible with the human tissue. This
allows for achieving the biochemical and biomechanical
compatibility and stimulates the osteointegration of the
endoprosthesis into the bone tissue [8].
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PLASMA ELECTROLYTIC OXIDATION

The promising methods of creating inorganic layers
on the surface of implant include the techniques of
electrochemical anodising, from which, a method of
plasma electrolytic oxidation (PEO) can be highlighted,
that forms (on the surface of titanium and its alloys)
a conversion oxidation layer, showing high degree of
adhesion [9]. The PEO mechanism includes the effect
of microdischarges, multiple times penetrating and
melting the oxidation layer, which results in the formation
of a well-developed porous surface [10]. Such an
approach allows for getting the surfaces with a unique
morphology, which provides smooth modification of
the modulus of elasticity from the metallic implant to
the bone, increasing the mechanical compatibility.
When treating the metal surface in a medium containing
calcium and phosphorus, it becomes possible to obtain
a surface, containing bioactive inorganic crystalline
phases — hydroxyapatite, tricalcium phosphate,
tetracalcium phosphate and perovskite [11]. The
highly fractal structure of the PEO coating allows for
applying various functional organic components,
acting as a sub-layer, increasing the adhesion, and
as a carrier for organic substances. For the purpose
of forming a porous superficial layer with calcium
phosphate compound on the surface, as an electrolyte
component, calcium-containing salts are being used
with a Ca/P ratio similar to the one found within the
human bone tissue [12, 13].

BIOLOGICALLY ACTIVE COATINGS

BASED ON RGD

Together with the PEQ, for the purpose of improving
the implant osteointegration, biologically active
substances can be used that are based on the RGD
tripeptide (arginine-glycine-aspartic acid), which is
the ligand of integrins — one the major proteins of the
intercellular matrix. The introduction of phosphonate
groups increases the adhesion of the molecules to
the surface, but the smooth metallic surface can not
provide long-term retention of the biomolecules [14].

The Ti alloy, the PEO coating and the RGD pore
filler can provide the necessary mechanical, physical
and chemical properties of the implant [15]. In the
research conducted by E.V. Parfenova et al. [15], it
was shown that the combination of PEO coating and
RGD-modified bisphosphonic acid applied to the
nano-Ti, results in an increase in the number of
proliferating cells by 45% comparing to the non-coated
nano-Tiand by 66% comparing to coarse-grain Ti. It should
be mentioned that this research included the use of cell

REVIEW

lines of human pulmonary fibroblasts, the mesenchymal
stem cells of human adipose tissue and the human
osteosarcoma cells, which are very resistant to toxic
effects, which can not precisely reflect the interaction of
the normal bone tissue cells with the said materials.

The in vitro researches have demonstrated that the
bioactivity of the molecules depends on the structure of
the anchor and the linker. For example, RGD derivatives
with short bisphosphonate anchors and a linker
consisting of bone morphogenetic proteins (BMPS),
as well as the molecules with the linker containing
a cyclohexyl fragment, increase the cell proliferation at
the PEO-modified titanium [10]. Upon the analysis of
literature data, no pathological effects were found that
are related to the interaction with the RGD.

ANTIBACTERIAL COATINGS

The use of endoprostheses oftentimes results
in complications, resulting in their instability. The
most common reason of implant failure and loss of
surrounding tissues is the infection, caused by forming
biofilms on its surface, upon the development of which,
almost in half of the cases (51%), extraction of the
endoprosthesis may be required [16].

The ingress of infection depends on multiple
factors: the microorganism species, the status of the
immune response in a patient, the procedure and the
technique employed during the surgical intervention,
the construction of the implant and the antibacterial
prophylaxis used.

It was proven that, even in case of scheduled
surgery, the sterility of the operating room decreases
within the first several hours of surgery [17, 18], while
in the majority of cases the quite low bacterial burden,
ultimately present during the surgery, can be generally
overcome by the immunological protection system and
by systemic antibiotic prophylaxis [19]. However, some
patients after the surgical intervention may develop an
infection, especially those with concomitant diseases,
elevating the risk of infection by a factor of 20 comparing
to the population of relatively healthy patients [20].
In the same way, it was shown that the most complex
surgical procedures and methods are more dangerous
in terms of septic complications [21].

The characteristics of the implant, for example, its
dimensions, shape, material and intended application,
also play an important role [22]. In order to decrease
the rate of developing infections related to the
implantation, local antibacterial prophylaxis can be
used, for example, the bone cement saturated with
antibiotics [23].
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With this background in mind, the methods were
proposed of creating a surface of the biomaterials,
capable of preventing the bacterial infection by means
of using the surface biofunctionalization based on
constructing the chimeric peptides with antibiotics.

The efficiency of TiBP1-GGG-AMP and TiBP2-GGG-
AMP bifunctional peptides was evaluated both in the
solution and on the solid surface of the titanium base
in terms of counteracting Streptococcus mutans,
Staphylococcus epidermidis and Escherichia coli.
It was found that the surfaces modified using chimeric
peptides, significantly decrease the bacterial adhesion
to all three bacteria comparing to clear titanium. The
research results show that surface modification by
means of constructed biomolecules consisting of
antimicrobial and titanium-bindings peptide domains
represents a promising approach for preventing
the bacterial infection development on the surfaces
of the implants [24].

Another attractive approach for the prevention and
treatment of implantation-related infections is coating
the endoprostheses with vancomycin. The antibiotic
coating was releasing 82.7% of the total vancomycin
contained within the coating, as shown by in vitro
research. A biphasic type of antibiotic release was
demonstrated with an initial burst in day 1, followed
by slow and controlled release lasting 28 days.
No cytotoxicity of the vancomycin-containing coating
was observed during the in vitro research. Titanium
implants, coated with vancomycin, were active in the
treatment of implantation-associated infections, as
shown by in vivo research [25]. However, microbial
resistance should be taken into consideration, as
well as allergic reactions in susceptive individuals.
In such cases, in a context of individually adjusted
medicine, the optimal variant can include coating the
titanium endoprosthesis with a matrix, into which,
an antimicrobial agent should be introduced directly
before surgery. In order to solve this problem, in recent
years, theresearch works were carried out on modifying
the surfaces of implanted materials, in particular,
coating it with carbon nanotubes [26]. However, data
exist indicating the risk of toxicity related to its size,
surface charge, chemical composition, reactivity,
chemical and crystalline structure, shape, solubility
and agglomeration degree. Moreover, nanomaterials
may cause oxidative stress and may impair the
phagocytosis inside the cells, decreasing the viability
of cells and suppressing their growth [27].

The alternative to using antibiotics may include the
use of zinc (Zn). It is well known that zinc is an important

microelement for humans, capable of performing various
functions in the bone tissue, such as the participation
in the DNA synthesis, the activity of enzymes, the
metabolism of nucleic acids, the biomineralization
and the hormonal activity, with all these being said,
zinc exhibits excellent antibacterial properties [28].
The inclusion of zinc into bioglass and bioceramics
within the Ca-P and Ca-Si systems for improving their
mechanical properties and the interactions of cells
with the materials is deemed quite promising [29-32].
A research by H. Zhang et al. [33] has shown that the
TiO, coating, containing zinc and obtained by means of
using the PEO method, exhibits antibacterial effects on
Staphylococcus aureus and Escherichia coli. Zinc was
evenly distributed along the surface, not affecting the
microstructure, the roughness, the phase composition
or the chemical state of the TiO, coating. High efficiency
was demonstrated for TiO, coatings containing zinc in
terms of inhibiting the bacteria, due to slow release of
zinc ions. In turn, a research by M. Shimabukuro [34]
has shown that the antibacterial effect of zinc on the
surface of the implant manifests itself after 28 days of
incubation in the physiological saline solution. These
specific results can help controlling the antibacterial
effects at the surface of the implant in the long-term
perspective.

The porous and nanostructurized TiO, coatings
with an addition of zinc show excellent antibacterial
activity and the capability to stimulate osteogenic
differentiation, which gives ground for considering them
the promising materials for reconstructive maxillofacial
surgeries. At the same time, the effects of zinc on the
tumor cells is insufficiently studied, also, the incorrectly
adjusted zinc dosage can be cytotoxic [35]. This
method requires further research activities, especially
when used in patients with oncology diseases.

BONE MORPHOGENIC PROTEINS

Another promising approach for increasing the
osteoinductivity of bone implants and for increasing
the connective tissue regeneration is creating
biocomposite materials containing growth factors.
Bone morphogenetic proteins (BMP) are considered
the most important factors for bone and cartilage
regeneration. They affect the cell membrane, regulating
the growth, differentiation and apoptosis of various cell
types, including osteoblasts, chondroblasts, neural and
epithelial cells. BMP can be found in the extracellular
connective tissue matrix, containing osteoprogenitor
and mesenchymal cells. For the fixation of proteins
on the surface of the implant, synthetic, biological,
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mineral or biocomposite polymers are being used as
a “carrier”. The main role of the BMP “carrier” after the
implantation is keeping these osteoinductors at the
area of their biological effects within a long-term and
clinically justified period of time. Long-term release of
small quantities or initial burst of significant quantities
of BMP extremely negatively affects the regeneration
processes [36].

In a research by Z. Liu et al. [37], microspheres
were developed that contain the endothelium growth
factors and the bone morphogenetic protein 2, with
further applying them to the porous titanium alloy
manufactured by 3D-printing. The microspheres were
encapsulated into the gelatin coating and used for
creating a composite frame, which has shown good
results when tested in rabbits. The system provides
sequential release of growth factors, promoting to the
osteogenic differentiation and osteointegration.

Despite the positive results of scientific-clinical
research works on studying the bone morphogenetic
proteins, a number of questions within this issue
remains unsolved. The main of them are the selection
of an effective technology for obtaining the BMP; the
selection of an adequate biodegradable carrier for the
BMP; finding the variants of BMP chemical fixation on
the biodegradable carrier; determining the clinically
effective dosage of BMP depending on the etiology, the
location and the severity of the pathological process;
finding the ways of decreasing the commercial cost of
BMP. The experimental and clinical researches of BMP
are currently being carried out practically in all the
countries of the world. The participation of large number
of leading foreign scientific-research centers, as well
as the addition of significant material and financial
resources gives hope of further effective solving these
problems and of successful application of the said
osteoinductor in practical medicine [38]. However, it is
worth noting the impossibility of using BMP in cases of
cancer diseases: data exist showing that BMP is highly
expressed in various cases of cancer and promotes
the proliferation, migration, metastatic spreading and
invasiveness of various types of cancer cells [39, 40].

CONCLUSION

After analyzing the domestic and foreign literature
data, a conclusion can be drawn up that one of the
promising directions is the development of bone-tissue
engineering, which allows for studying the use
of bioactive materials with antiinflammatory and
regenerative properties. However, this is a long process,
requiring larger numbers of cost-intensive scientific

REVIEW

research with developing complex technological
protocols. It will take plenty of time until such materials
become accessible in Pediatric oncology. With all of
these, the factors of utmost importance shall include
the availability of such technologies and the possibility
of their implementation in the medical institutions.

In the modern era, using reconstructive materials
made of titanium alloys, including their use in children
with oncology diseases, have already shown good
results. The modification of the surface of titanium
reconstructive materials for the purpose of increasing
the osteoinductive, osteoconductive and antimicrobial
properties shall allow for decreasing the number
of repeated surgeries, for decreasing the risks of
developing infections and implant failures, as well
as for preventing the development of secondary
deformations and, hence, for improving the quality of
life of the pediatric patient.
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SURVIVAL RATE OF CORNEAL ENDOTHELIAL CELLS
AFTER CATARACT SURGERY WITH A BACKGROUND
OF GLAUCOMA

A.l. Fedorova, I.A. Loskutov
Moscow Regional Research and Clinical Institute, Moscow, Russia

ABSTRACT

Glaucoma is one of the main causes of irreversible blindness worldwide. Up to 76% of the glaucoma
cases are accompanied with complicated cataract. The issue of cataract treatment in glaucoma patients
is a difficult task for any surgeon, for the surgical procedure itself can result in a number of complications.
One of them is the loss of endothelial cells in the cornea. A decrease in the endothelial cell density in
such patients occurs due to long-term use of various hypotensive drops, due to variations of intraocular
pressure, as well as due to the surgical interventions themselves. Up to 16.9% of cataract removal cases
with a background of glaucoma are accompanied by pronounced post-operative corneal swelling, which
leads to an increased risk of losing corneal endothelial cells. The perspective branch of surgical treatment
for cataract and glaucoma is the development of a unified algorithm taking into account the individual
characteristics of the patient, such as the eye lens clouding, the glaucoma stage, the intraocular pressure,

the past surgeries, the hypotensive therapy and the density of corneal endothelial cells.
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For citation:

FedorovaAl, Loskutov IA. Survival rate of corneal endothelial cells after cataract surgery with abackground
of glaucoma. Journal of Clinical Practice. 2024;15(3):75-81. doi: https://doi.org/10.17816/clinpract626539

Submitted 07.02.2024

Revised 03.03.2024

Published online 29.09.2024

BACKGROUND

Glaucoma in Russia, as well as worldwide, is
one of the main reasons of incurable blindness and
vision-related disability [1]. According to data from
the Ministry of Health of the Russian Federation, the
number of glaucoma patients in Russia is more than
1.3 min people. During the 6 years period (2013-2019),
the number of glaucoma cases in the country has
increased by 10.7% (from 823.8 to 911.7 per 100 thous.
of population) [2]. Y.C. Tham et al. [3] are predicting that,
by the year of 2040, the number of glaucoma patients
worldwide shall reach up to 111.8 min people.

Glaucoma is a chronic eye disorder, which can
be considered as a multifactorial neurodegenerative
disease. Glaucoma is characterized by progressive
optic neuropathy, pathological changes affecting the
fields of view, by death of ganglionic cells in the retina,
as well as by the loss of corneal endothelial cells [4].
Absence of complaints in patients, primary diagnostic
problems, gradual and progressive visual deterioration,
resulting in a decrease in working capacity and
disability along with significant expenses both for
individual patients and for the whole society — all of

The article can be used under the CC BY-NC-ND 4 license /
Jvuensmns CC BY-NC-ND 4

these allows for considering glaucoma as being also
a social-economical disease [5].

The percentage of primary open-angle glaucoma
is up to 72.3-96.1% of all the glaucoma forms [5].
The incidence of glaucoma combined with cataract
varies over a wide range — from 14.6 to 76% [6-10],
however, in case of pseudoexfoliative syndrome,
the number of such cases increases up to 85% [7, 9,
11-14]. In glaucoma patients, a significantly elevated
risk of developing complicated cataract is shown, for
both conditions are involution-dependent diseases
[11, 15, 16]. In persons aged over 55 years old with the
diagnosis of glaucoma and cataract, the probability of
developing such a combination is 3 times higher than
in persons from the same age group with no ocular
diseases [17-20].

GLAUCOMA AS A MULTIFACTORIAL

NEURODEGENERATIVE DISEASE

In the development of primary open-angle glaucoma,
two mechanisms are involved: the first one affects the
anterior segment of the eye, in particular, the structure of
the anterior angle, increasing the intraocular pressure,
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HAYYHbI OB30P

BbI’)KUBAEMOCTb SHAOTEJIMAJIbHbIX KJIETOK
POroBuubl NOCJIE XUPYPTUUN KATAPAKTDI
HA OOHE INAYKOMbDI

A.N. depopoBa, N.A. JlockyToB
MockoBcKuin 0611acTHON Hay4YHO-MCCNeaoBaTeNbCKUN KIMHUYECKNIA MHCTUTYT nMmenn M.®. Bnagymupckoro,
Mockga, Poccus

AHHOTALMUA

Inaykoma Bo BCEM Mupe SIB/ISIETCS OfHOUM M3 OCHOBHbIX MPUYUH Heobpatumowi ciernotsl. [Jo 76% ciy-
YaeB r/iiaykomMa BCTPEYaeTCs B COHETaHUu C OCIOXKHEHHOW KaTapaKTo. [pobaema neHeHnss KaTapakTbl
y nayneHTOB C r71ayKOMOWI SIBJISETCS C/IOXKHON 3agaqent /151 l060ro xupypra, noCKoJibKy ornepayusi Mo-
JKET MPUBECTY K PSAY OCI0XHEHWA. OgHUM U3 HUX SIBJISIETCS MOTEPST SHAOTEINAIbHBIX KJIETOK POroBu-
Ubl. CHUXKEHUE NAIOTHOCTU SHAOTEINA IbHbIX KIETOK Y Takux nayneHToB nponucCxXoanT N3-3a A/INTE/TbHO-
o UCMOJ/Ib30BaHNS MMMNOTEH3VBHbBIX Karnesb PasJjnyHbIX rpyr, KoaebaHusi BHYTPUITIa3HOro AaB/eHus,
a TakXxe B pe3y/ibTaTe Xupyprudeckux smeLuaresnscTs. o 16,9% cryvaeB yhaneHus: KatapakTbl Ha hoHe
rrn1aykoMbl cOnpoBoxxgaeTcsi 60s1ee Bbipa>xeHHbIM MOCe0nepaLnoOHHbIM OTEKOM POroBuLbl, YTO MPUBO-
ANT K YBEJINHEHWIO PUCKA MOTEPU SHAOTE/INATbHBIX KIIETOK POroBulbl. [1epCcrnekTuBHbIM HarpaBieHNeM
XVPYPruy4ecKoro Je4eHns KarapakTbl U r71ayKOMbl SIBJISIETCS pa3paboTka equHOro aaroputma, yYnThi-
BaKoLero MHANBMAYasbHbIE XapaKTEPUCTUKM MaLneHTa, Takue Kak rnoMyTHEHWE XpycTasuka, cTagus
rnayKombl, BHYTPUITIa3HOE AaBJ/IEHNE, XVPYPIrU4eCKU aHaMHe3, rmrnoTeH3uBHas Tepanus, nJioTHOCTb
SHAOTeMasIbHbIX K/IETOK POroBULbI.
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while the other occurs in the posterior segment of the
eye, resulting in the development of glaucoma-related
optic neuropathy [5].

Ophthalmologists suppose that the progression of
cataract in glaucoma is being affected by various factors,
which may include the close location of the eye lens,
the ligaments, the ciliary body and the eye’s draining
system, which form the posterior and the anterior ocular
chambers. Besides, a certain role belongs to impaired
hydrodynamics, blood microcirculation and dystrophic/
immunological changes in the ocular tissues [21, 22].
Variations of intraocular pressure, changes in the
content of the aqueous humour in the chamber and the
associated metabolic changes within the eye structures
additionally promote cataract progression, negatively
affecting the course of glaucoma and, ultimately,
resulting in permanent loss of visual functions [11].

Currently, the attention of the majority of
ophthalmologists is attracted by the loss of corneal

endothelial cells associated with glaucoma. The
dystrophy of the endothelial layer in the cornea can be
also caused by long-term use of glaucoma eye drops,
by variations of intraocular pressure and by surgical
interventions [23]. As for practical application, the
majority of physicians are concerned about the levels
of intraocular pressure, for it is the most controllable
parameter, which can be effectively modified using
medicinal and surgical correction. T. Olsen [24] in
1980 has first reported a mean cell density decrease
by 23.1% in case of acute glaucoma comparing to the
unaffected eye.

Investigators Y.C. Ko et al. [25] in 2007 have
found that the loss of corneal endothelial cells after
phacoemulsification surgery is associated with
shorter anterior-posterior axis and with the elevation
of intraocular pressure within the first 24 hours
after surgery, which results in the loss of corneal
endothelial cells in 14.5% of the cases. In order to
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minimize the damage in corneal endothelial cells, it
is of utmost importance to avoid sudden increases of
intraocular pressure at the early post-surgery period
and to exercise special caution when operating the
eyes with the anterior-posterior axis being shorter
than 22.6 mm.

Already in the year of 1997, M. Gagnon et al. [26]
suggested a hypothesis that the mechanism of
damaging the corneal endothelium, just like the damage
of the optic nerve, depends on pressure. Glaucoma
patients had significantly lower numbers of corneal
endothelial cells (2.154+419 cells/mm? comparing to the
control group with no glaucoma (2.560+360 cells/mm?).
The authors have demonstrated that the density of
corneal endothelial cells is inversely proportional to
the mean intraocular pressure. In patients receiving
3-4 glaucoma medications, the number of cells was
lower comparing to those undergoing the treatment
that employed only 1-2 medications. The number of
cells was significantly lower both for primary closed-
angle and for primary open-angle glaucoma.

In 2011, the research work by S. Ranno et al. [27]
has evaluated the effects of glaucoma eye drops
(B-blockers or prostaglandin analogues) on the corneal
endothelium. Initially, in glaucoma patients, the density
of corneal endothelial cells was 3187+312 cells/mm?,
however, after two years of using hypotensive drops,
the cell density has decreased to 2925+313 cells/mm?,
including a decrease in the number of nerve fibers in
the cornea along with a decrease in the reflectivity of
the sub-basal plexus.

S.A. Kandarakis et al. in their descriptive review
came to the conclusion that it is preferable to avoid
the intake of B-adrenergic blockers Betaxolol and
Carteolol at high dosages [28, 29], while patients
with Fuchs endothelial dystrophy shall prefer
rho-kinase inhibitors [30]. Rho-kinase stimulates the
progression of cellular cycle, increasing cell migration,
increasing the barrier and pumping functions, also
preventing mesenchymal transformation of corneal
endothelial cells in patients with Fuchs endothelial
dystrophy [31, 32].

Some investigators suggested that the changes
in the endothelial cell density were not related to
high intraocular pressure [33, 34]. So, Japanese
researchers [35] have found that, in patients with primary
open-angle glaucoma, a significant decrease was found
in the density of corneal endothelial cells, which was not
reported in cases of glaucoma with normal pressure.
The authors have explained this as being caused
by a decrease in the effects of elevated intraocular

pressure. Belorussian investigators P.N. Marchenko and
Yu.l. Rozhko [36] have reported a decrease in the density
of corneal endothelial cells comparing to the control
group of the same age at all the stages of glaucoma,
with the statistically significant differences being found
at stages II-IV. In 2012 L.A. Deyev et al. [37] have found
a direct correlation between the changes in corneal
structure and the disease stage. Besides, in 2022 D. Kang
et al. [38] have published the results of a research work
on the inter-relation between the corneal endothelium
parameters and the severity of primary glaucoma. The
number of corneal endothelial cells has decreased
along with the increase of severity, for in patients with
early glaucoma, the density of endothelial cells was
2284 cells/mm?, in case of moderate severity disease —
2261 cells/mm?, while the severe disease cases were
showing the values of 2086 cells/mm? and the difference
was statistically significant.

A growing number of surgeons prefer combined
interventions performed in one step [39-45]. This
approach is attractive, for it allows for simultaneously
normalizing the intraocular pressure and improving the
vision acuity. At the same time, there are analysis data
on the density of corneal endothelial cells in patients
with cataract combined with glaucoma. According
to the opinion from a number of authors, comparing
to single-step combined treatment including the
glaucoma surgery and cataract phacoemulsification,
two-stage surgery significantly decreases the number
of endothelial cells [46-49].

There are research works showing the results of
combined surgery for glaucoma using drainages and
cataract phacoemulsification [50-53], with the loss of
endothelial cell density being more than 30% within
5 years was reported in 27.2% of the patients. In
patients undergoing cataract removal and implantation
of the CyPass Micro-Stent (Alcon, USA), an epithelial-
endothelial dystrophy was found, that was caused by
the damage of corneal endothelium. This condition
has occurred as a result of the effects caused by the
intraocular end of the draining tube, which resulted in
cessation of its production [54]. In the research work
by E.H. Fang et al. [55], limited reliable evidences were
obtained showing that glaucoma surgery associated
with the use of long-term implants results in a greater
loss of endothelial cell density comparing to cases
without using prosthetic appliances.

In patients with glaucoma combined with cataract,
the decrease in endothelial cell density results in
an increased inflammatory reaction after cataract
phacoemulsification [56, 57], which imposes a risk
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of corneal swelling and descemetitis of various
severity degree. According to data from a number of
research works, 16.9% of the patients after cataract
extraction had corneal swelling [58, 59]. It is important
to note that postoperative swelling is significantly less
frequently found in patients with uncomplicated senile
cataract (2.7% of the cases). At the same time, mature
eye lens clouding was found in 19.3% of all the study
patients [13].

T. Dada et al. [60] have arranged a research work
on phacoemulsification in patients, focusing on
factors which may impair surgical intervention. These
factors include a narrow pupil caused by various
conditions, such as posterior synechias, atrophy of
iris, pseudoexfoliative syndrome, the use of miotics
and past history of acute glaucoma onsets. In such
cases, additional measure are necessary, in particular,
iris retractors or pupil expansion [61]. The cataract
removal surgery in glaucoma patients along with
such precipitating factors represents a higher risk of
damaging the endothelial cells. The research works
show that from 17.8 to 51.6% of such surgeries end
with intra- or post-operative complications [62].

The acute onset of closed-angle glaucoma plays
one of the key roles in changing the number of corneal
endothelial cells. M. Chen et al. [63] have found that
the density of corneal endothelial cells was inversely
related to the duration of an acute onset, but it was not
related to demographic and biometric characteristics.
The loss of endothelial cell density up to 2271 cells/mm?
was reported in patients with a past medical history
of acute glaucoma onset comparing to paired eyes,
where the cell density was 2458 cells/mm?. In patients
with diagnosed closed-angle glaucoma with no
history of onsets, the density of endothelial cells was
2559+45 cells/mm?. The central thickness of cornea
and the curvature radius of cornea were not related
to earlier acute onset of closed-angle glaucoma. The
postoperative corneal swelling was found in 22.85% of
the closed-angle glaucoma cases [63].

In 2021, the data were published on the factors
affecting the corneal endothelium after selective laser-
assisted trabeculoplasty in cases of primary open-angle
and closed-angle glaucoma. Based on the research
results, the main factors of losing the endothelial cell
density after selective laser trabeculoplasty are the
age, the initial number of endothelial cells and the
shallow anterior chamber for closed-angle glaucoma.
It is worth noting that corneal endothelium in cases
of primary open-angle glaucoma was recovering
within one month, while in closed-angle glaucoma its
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damage was persisting for the whole follow-up period.
The importance of the research is that it confirms
that the obtained data should be taken into account
when selecting the algorithm of glaucoma treatment,
especially in case of alternative therapy (eye lens/
cataract extraction) for closed-angle glaucoma [64].

The main risk factor for losing the endothelial cell
density is more long-term phacoemulsification time.
High phacoemulsification energy and high vacuum
positively correlate with nuclear density, which defines
for the surgeon the correct selection of the viscoelastic
gel (solution) and the surgery technique. In 2023,
ILA. Loskutov et al. [65] have developed a scale for
optimal combining the content of the viscoelastic gel
depending on the number of corneal endothelial cells
in patients with various stages of cataract. The scale is
based on matching various types of viscoelastic gels,
which have their own characteristics, specific features,
benefits and drawbacks that can significantly affect the
surgery results and facilitate the work of the surgeon.
With correctly selected viscoelastic gel, the decrease
in the number of corneal endothelial cells during the
postoperative period is less than 3% regardless of the
stage of cataract.

CONCLUSION

The progression of primary open-angle glaucoma
negatively affects the structure of cornea and
aggravates the age-related conditions, especially in
persons aged 55 and older. These factors shall be
taken into account when monitoring the patient status
and selecting the treatment strategy.

The combination of glaucoma and cataract
represents a wide-spread and topical issue in
ophthalmology. The development of a unified algorithm
of managing the patients with cataract and glaucoma
is a promising direction of surgical treatment. Such an
approach requires an individual treatment plan taking
into account various factors, including the degree of
eye lens clouding, the glaucoma stage, the levels of
intraocular pressure, the past surgeries, the glaucoma
therapy and the density of corneal endothelial cells.

The absence of effective protection method for
corneal endothelial cells is a serious problem in
developed countries, which results in a significant
decrease in the quality of life for the patients. Developing
an algorithm of managing the patients with cataract and
with a background of glaucoma is the most important
task for modern ophthalmology, solving which can
improve not only the quality of life for the patients, but
also the whole economical aspect worldwide.

78 https://doi.org/10.17816/clinpract626539



REVIEW

ADDITIONAL INFORMATION

Funding source. The study had no sponsorship.

Competing interests. The authors declare that
they have no competing interests.

Authors’ contribution. A.l. Fedorova — search
and analytical work, analysis of the received data,
manuscript writing; LA. Loskutov — collecting
material, analyzing literature, manuscript writing,
editing. The authors made a substantial contribution
to the conception of the work, acquisition, analysis,
interpretation of data for the work, drafting and
revising the work, final approval of the version to be
published and agree to be accountable for all aspects
of the work.

REFERENCES

1. Bourne RA. Glaucoma the second most common cause of
blindness in the world. EuroTimes. 2006;(10):19. (In Russ.)
BopH P.A. Thaykoma — BTOpas no pacnpocTpaHeHHOCTW Nnpu-
YnHa cnenoTbl B Mupe // EuroTimes. 2006. Ne 10. C. 19.

2. Department of the Federal Service for Supervision of Consumer
Rights Protection and Human Welfare in the Volgograd Region.
Glaucoma incidence in the Russian population 2022. (In Russ.)
YnpaBsneHve depepanbHon cnyxbbl No Hag3opy B cdepe 3a-
LWMTbl NpaB noTpebuTenen 1 Gaarononyyns Yyenoseka no Bon-
rorpapckoit obnactu. 3abos1leBaeMOCTb 71ayKOMOW HacesieHns
Poccumn 2022. Pexxum poctyna: https://34.rospotrebnadzor.ru/
content/204/12587/. AaTta obpauieHuns: 15.01.2024.

3. Tham YC, Li X, Wong TY, et al. Global prevalence of glaucoma
and projections of glaucoma burden through 2040: A systematic
review and meta-analysis. Ophthalmology. 2014;121(11):
2081-2090. doi: 10.1016/j.0phtha.2014.05.013

4. Egorov EA, Brezhnev AYu, Egorov AE. Neuroprotection in
glaucoma: Modern opportunities and prospects. Russ J Clin
Ophthalmol. 2014;14(2):108-112. (In Russ.) Eropoes E.A.,
BpexHes A.KO., EroposB A.E. HehponpoTekuuss npu rnay-
KOME: COBPEMEHHblE BO3MOXHOCTM U nepcrektusbl / PMXK.
KnnHndeckas ogpranbmonorus. 2014. T. 14, Ne 2. C. 108-112.
EDN: SHBKOJ

5. Egorov EA, Alexeev VN. Pathogenesis and treatment of primary
open-angle glaucoma: A guide for physicians. Moscow: GEOTAR-
Media; 2017. P. 6-45. (In Russ.) Eropos E.A., Anekcees B.H. lla-
TOreHe3 v Jie4eHne NepBuNYHON OTKPBLITOYrO/IbHON r/1ayKOMbI: Py-
KoBoAcTBO Ans Bpadei. Mockea: FOOTAP-Megua, 2017. C. 6-45.

6. Libman ES. Modern positions of clinical and social
ophthalmology. Russ Ann Ophthalmol. 2004;120(1):10-12.
(In Russ.) Jlubman E.C. CoBpeMeHHbIE NO3ULMN KIIMHWUKO-CO-
umnanbHoi oTanbmonorun // BectHuk ogransmonorum. 2004,
T. 120, Ne 1. C. 10-12. EDN: TWOLFD

7. Bikbov MM, Surkova VK, Khusnitdinov II, Chaika OV.
Results of Ahmed drainage application in refractory
glaucoma. Russ J Clin Ophthalmol. 2013;13(3):98-100.
(In Russ.) Buk6os M.M., Cypkosa B.K., XycHutauHos V.W., Yaii-
ka O.B. PesynbraThl npuMeHeHns gpeHaxa Ahmed npu ped-
pakTepHon rnaykome // PMMXK. KnuHnvyeckass ogTasibMonorusi.
2013. T. 13, Ne 3. C. 98-100. EDN: REAXGJ

8. Malyugin BE, Timoshkina NT, Andronov SI, et al. Small pupil
phacoemulsification with IOL implantation. Ophthalmosurgery.
1997;(2):25-32. (In Russ.) MantoruH B.3., TumowwkuHa H.T., AH-
apoHos C.M., n gp. ®akoamynbcudrkauma ¢ nmnnaHtayuen
MO Ha rnasax ¢ y3kum 3padkom // Ogranbmoxmpyprus. 1997.
Ne 2. C. 25-32. EDN: XGRZFD

9. Stepanov AV, Tedeeva NR, Gamzaeva USh, Lugovkina KV. A new
drainage surgery for the treatment of refractory posttraumatic
glaucoma. Russ Ophthalmol J. 2015;8(2):54-58. CtenaHoB A.B.,

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

Tepeesa H.P., lTam3aesa Y.LL., JlyrosknHa K.B. HoBas gpeHax-
Has onepauus Ans neveHns pedpakTepHo NocTTpasmaTnye-
CKOW rnaykombl // Poccuiicknii oghTasibMOOrn4eCKNi XXypHaJl.
2015.T. 8, Ne 2. C. 54-58. EDN: UBXSWF

Shmeleva VV. Cataract. Moscow: Meditsina; 1981. 223 p. (In Russ.)
LLimenéBa B.B. KarapakTta. Mocksa: MeguuuHa, 1981. 223 c.
Agafonova VV, Barinov EF, Frankowska-Gerlak MS, et al.
Pathogenesis of open-angle glaucoma in pseudoexfoliative
syndrome (literature review). Ophthalmology. 2010;(3):106-114.
(In Russ.) AracoHosa B.B., BapnHos 3.9., ®paHkoscka-lep-
nak M.C., n gp. NaToreHe3 OTKPbITOYrofibHOW rnaykoMbl npu
nceBAo3KCHONMATUBHOM cuHapomMe (063op nutepatypbl) //
Oc¢pranbmonorus. 2010. Ne 3. C. 106-114.

Egorova EV, Sidorova AV, Opletina AV, Kolomeitsev MN.
Phacoemulsification of cataract in combination with EX-PRESS
shunt in the algorithm of treatment of mixed form of primary
open-angle glaucoma. Bulletin TSU. 2015;20(3):564-567.
(In Russ.) Eropoea 3.B., Cupoposa A.B., OnneTtnHa A.B., Kono-
menues M.H. ®akoamynbcudrkaums KatapakTbl B KOMOHaLmm
¢ EX-PRESS wyHTOM B anropnTme Ne4eHnsi CMeLlaHHow ¢op-
Mbl MEPBUYHON OTKPbLITOYrONbHON rnaykombl // BecTHuk TIY.
2015.T. 20, Ne 3. C. 564-567. EDN: TTHXUB

loshin |E, Tolchinskaya Al. Surgical treatment of patients with
bilateral cataract. Ophthalmosurgery. 2013;(2):10-15. (In Russ.)
WNowwH WN.3., TonunHckasa A.WN. Xupyprudeckoe neyeHve nauu-
EHTOB C ABYXCTOPOHHel KaTtapakTon // OgpTansmoxvpyprus.
2013. Ne 2. C. 10-15. EDN: RAQGAF

Ling JD, Bell NP. Role of cataract surgery in the management
of glaucoma. Int Ophthalmol Clin. 2018;58(3):87-100.
doi: 10.1097/110.0000000000000234

Heijl A. Time changes of contrast thresholds during
automatic perimetry. Acta Ophthalmol. 1977;55(4):696-708.
doi: 10.1111/j.1755-3768.1977.tb05668.x

Kass MA, Podos SM, Moses RA, Becker B. Prostaglandin F1
and aqueous humour dynamics. Invest Ophthalmol Vis Sci.
1972;11(12):1022-1027.

Guan H, Mick A, Porco T, Dolan BJ. Preoperative factors
associated with IOP reduction after cataract surgery. Optom Vis
Sci. 2013;90(2):179-184. doi: 10.1097/0OPX.0b013e31827ce224
Gurtovaya EE, Mogilevskaya FY. Cataract extraction after
antiglaucomatous surgery. Vestnik Ophthalmologii. 1978;(3):
17-20. (In Russ.) l'ypToBas E.E., Mornnesckas ®.5. kcTpakuums
KaTapakTbl NOCNe aHTUrNaykoMaTo3HoM onepauun // BecTHuk
opransmosnormm. 1978. Ne 3. C. 17-20.

Egorova EV. Results of surgical treatment of patients
with complicated cataract who had previously undergone
antiglaucomatous operations. Modern technologies of cataract
surgery. Moscow; 2003. P. 110-115. (In Russ.) Eroposa 3.B.
Pe3synbtatbl Xupypruyeckoro seqeHunsi 60/bHbIX C OCJIOXHEH-
HOM KaTapakTOM, MePeHECLUMX paHee aHTUIrNIayKoMaTo3HbIe
onepayny. CoBpeMeHHbIe TEeXHOIOru X1Pyprum KaTapakTbl.
Mockaa, 2003. C. 110-115.

Yamamoto T, Sakuma T, Kitazawa Y. An ultrasound
biomicroscopic study of filtering blebs after mitomycin C
trabeculectomy.  Ophthalmology.  1995;102(12):1770-1776.
doi: 10.1016/s0161-6420(95)30795-6

Egorov EA, Rumyantsev AD, Rumyantseva OA, et al.
Hydrodynamic outflow activation in combination with cataract
extraction in the treatment of patients with open-angle glaucoma.
Russ J Clin Ophthalmol. 2009;10(3):84. (In Russ.) Eropos E.A.,
PymsiHueB A.L., PymsiHueBa O.A., n gp. [vgpoamHammnyeckas
aKTMBaLMA OTTOKa B COHETaHUN C SKCTPaKLMeN KaTapakTbl B 1e-
YeHUn B0JbHBIX OTKPBITOYroNbHON rnaykomoin // PMXK. KnvHu-
yeckasi ogpransmonorus. 2009. T. 10, Ne 3. C. 84. EDN: OYFCIL
Astakhov SY, Mantseva YY. Modern possibilities of surgical
treatment of patients with a combination of open-angle glaucoma
and cataract. Modern Technol Med. 2014;6(1):47-53. (In Russ.)
ActaxoB C.l0., MaHuesa £.KO. CoBpemeHHble BO3MOXXHOCTU
XVNPYPr4ECKOro NeYeHns 60MbHbIX C COYETaHWeM OTKPbITO-
YronbHOW rnayKoMbl 1 KaTapakTbl // CoBpeMeHHble TeEXHOI0rum
B meguymHe. 2014. T. 6, Ne 1. C. 47-53. EDN: RYHLFP

www.clinpractice.ru 79

2024

Vol 15 &3


https://34.rospotrebnadzor.ru/content/204/12587/
https://34.rospotrebnadzor.ru/content/204/12587/
https://doi.org/10.1016/j.ophtha.2014.05.013
https://elibrary.ru/shbkoj
https://elibrary.ru/twolfd
https://elibrary.ru/reaxgj
https://elibrary.ru/xgrzfd
https://elibrary.ru/ubxswf
https://elibrary.ru/tthxub
https://elibrary.ru/raqgaf
https://doi.org/10.1097/IIO.0000000000000234
https://doi.org/10.1111/j.1755-3768.1977.tb05668.x
https://doi.org/10.1097/OPX.0b013e31827ce224
https://doi.org/10.1016/s0161-6420(95)30795-6
https://elibrary.ru/oyfcil
https://elibrary.ru/ryhlfp

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

80

Baratz KH, Nau CB, Winter EJ, et al. Effects of glaucoma
medications on  corneal endothelium, keratocytes,
and subbasal nerves among participants in the ocular
hypertension treatment study. Cornea. 2006;25(9):1046-1052.
doi: 10.1097/01.ico.0000230499.07273.c5

Olsen T. The endothelial cell damage in acute glaucoma.
On the corneal thickness response to intraocular
pressure. Acta Ophthalmol (Copenh). 1980;58(2):257-266.
doi: 10.1111/j.1755-3768.1980.tb05719.x

Ko YC, Liu JL, Lau LI, et al. Factors related to corneal
endothelial damage after phacoemulsification in eyes with
occludable angles. J Cataract Refract Surg. 2008;34(1):46-51.
doi: 10.1016/j.jcrs.2007.07.057

Gagnon M, Boisjoly H, Brunette I, et al. Corneal endothelial cell
density in glaucoma. Cornea. 1997;16(3):314-318.

Ranno S, Fogagnolo P, Rossetti L, et al. Changes in corneal
parameters at confocal microscopy in treated glaucoma patients.
Clin Ophthalmol. 2011;(5):1037-1042. doi: 10.2147/OPTH.S22874
Su W, Zhao J, Fan TJ. Dose- and time-dependent
cytotoxicity of carteolol in corneal endothelial cells and the
underlying mechanisms. Front Pharmacol. 2020;(11):202.
doi: 10.3389/fphar.2020.00202

Lass JH, Khosrof SA, Laurence JK, et al. A double-masked,
randomized, 1-year study comparing the corneal effects of
dorzolamide, timolol, and betaxolol. Dorzolamide Corneal
Effects Study Group. Arch Ophthalmol. 1998;116(8):1003-1010.
doi: 10.1001/archopht.116.8.1003

Kandarakis SA, Togka KA, Doumazos L, et al. The
multifarious effects of various glaucoma pharmacotherapy
on corneal endothelium: A narrative review. Ophthalmol Ther.
2023;12(3):1457-1478. doi: 10.1007/s40123-023-00699-9
Schlotzer-Schrehardt U, Zenkel M, Strunz M, et al. Potential
functional restoration of corneal endothelial cells in fuchs
endothelial corneal dystrophy by ROCK inhibitor (Ripasudil). Am
J Ophthalmol. 2021;(224):185-199. doi: 10.1016/j.aj0.2020.12.006
Davies E, Jurkunas U, Pineda R. Pilot study of corneal
clearance with the use of a rho-kinase inhibitor after
descemetorhexis without endothelial keratoplasty for Fuchs
endothelial corneal dystrophy. Cornea. 2021;40(7):899-902.
doi: 10.1097/IC0O.0000000000002691

Lee JH, Oh SY. Corneal endothelial cell loss from suture fixation
of a posterior chamber intraocular lens. J Cataract Refract Surg.
1997;23(7):1020-1022. doi: 10.1016/s0886-3350(97)80074-0
Verma S, Nongpiur ME, Husain R, et al. Characteristics of the
corneal endothelium across the primary angle closure disease
spectrum. Invest Ophthalmol Vis Sci. 2018;59(11):4525-4530.
doi: 10.1167/iovs.18-24939

Cho SW, Kim J, Choi CY, Park KH. Changes in corneal
endothelial cell density in patients with normal-tension
glaucoma. Jpn J Ophthalmol. 2009;53(6):569-573.
doi: 10.1007/s10384-009-0740-1

Marchenko LN, Rozhko YI. Morphology and density of corneal
endothelial cells in primary glaucoma. In: VIII All-Russian
scientific-practical conference with international participation:
A collection of abstracts on the conference materials
(1-3 July 2009), ed. by H.P. Takhchidi. Moscow; 2009.
P. 225-252. (In Russ.) Map4yeHko J1.H., Poxko .. Mopgono-
1S M NIOTHOCTb 3HAOTENNA/IbHBIX KIETOK POroBuLbI 1Py rep-
Bu4Hou rnaykome // VIl Bcepoccuninckas Hay4HO-NpakTnyeckas
KOH(hepeHLIMS C MeXAYHaPOAHbIM yHacTMeM: COOPHIK Te3NCOB
no martepuanam koHdepeHumn (1-3 mons 2009 r.) nop peg.
X.IM. Taxungn. Mocksa, 2009. C. 225-252.

Deev LA, Malakhova Al, Molchanov VV. Results of

confocal microscopy of cornea under primary open-
angle glaucoma (preliminary results). Bulletin  Russ
Academy Natural Sci (St. Petersburg). 2012;(2):172-176.

(In Russ.) Oees J1.A., Manaxosa A.W., MonyaHoB B.B. Pe3ynb-
TaTbl KOH(POKaNbHON MUKPOCKOMUM POrOBULIbI MPU NEPBUYHOIA
OTKPbITOYronbHON rnaykome (npedsapuTenibHble pesdynstathbl) //
BecTHuk Poccuiickor akagemun ecTecTBeHHbIX Hayk (CaHKT-
lMetepbypr). 2012. Ne 2. C. 172-176. EDN: OYGGYZ

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

REVIEW

Kang D, Kaur P, Singh K, et al. Evaluation and correlation of
corneal endothelium parameters with the severity of primary
glaucoma. Indian J Ophthalmol. 2022;70(10):3540-3543.
doi: 10.4103/ijo.lJO_234_22

Anisimova SY, Anisimov Sl, Zagrebelnaya LV. Influence of
the operation technique on the level of intraocular pressure
reduction and visual functions in combined cataract and
glaucoma surgery. Modern Technol Cataract Surg. 2003;31-37.
(In Russ.) Anucumosa C.tO., Anucumos C.W., 3arpebens-
Hasa J1.B. BansHue TexHyKn onepaummn Ha ypOBEHb CHVKEHUS
BHYTPUrNa3HOro [aBfieHNs U 3puUTeNbHble YHKLMM MPpY KOM-
BUHMPOBaHHON XMPYPIrn KaTapakTbl U rnaykoMbl // CoBpemeH-
Hble TexHoaorum xupyprim karapaktsl. 2003. C. 31-37.

Bussel |, Kaplowitz K, Schuman JS, Loewen NA. Trabectome
study G. Outcomes of ab interno trabeculectomy with the
trabectome after failed trabeculectomy. Br J Ophthalmol.
2015;99(2):258-262. doi: 10.1136/bjophthalmol-2013-304717
Francis BA, Winarko J. Ab interno Schlemm’s canal surgery:
Trabectome and i-stent. Developments Ophthalmol. 2012;(50):
125-136. doi: 10.1159/000334794

Maeda M, Watanabe M, Ichikawa K. Evaluation of trabectome
in open-angle glaucoma. J Glaucoma. 2013;22(3):205-208.
doi: 10.1097/1JG.0b013e3182311b92

Francis BA, Minckler D, Dustin L, et al. Combined cataract
extraction and trabeculotomy by the internal approach
for coexisting cataract and open-angle glaucoma: Initial
results. J Cataract Refract Surg. 2008;34(7):1096-1103.
doi: 10.1016/j.jcrs.2008.03.032

SooHoo JR, Seibold LK, Kahook MY. Ab interno trabeculectomy
in the adult patient. Middle East African J Ophthalmol.
2015;22(1):25-29. doi: 10.4103/0974-9233.148345

Kurysheva NI, Fedorov AA, Yerichev VP. Pathomorphological
features of cataract lens in patients with glaucoma. Russ Ann
Ophthalmol. 2000;116(2):13-16. (In Russ.) Kypbiwesa H.U.,
®epopos A.A., Epudes B.I. lMatomopdonornyeckne oco-
6EeHHOCTN KaTapakTalbHOro Xpycranika y 60MbHbIX rnayko-
Mol // BectHuk ogtansmonorum. 2000. T. 116, Ne 2. C. 13-16.
EDN: QBTWSD

Anisimov Sl, Anisimova SY, Arutyunyan LL, et al. Modern
approaches to surgical treatment of combined pathology of
glaucoma and cataract. Nat J Glaucoma. 2019;18(4):86-95.
(In Russ.) AHucumos C.W., AHucumona C.HO., ApyTioHsH J1.J1.,
n ap. CoBpeMeHHble MOAXOAbl K XNMPYPrM4eCKOMY IEHEHNIO CO-
YyeTaHHOI NaToNOry rNayKoMbl U KaTapakTbl // HayuoHanbHbil
JKypHan rnaykoma. 2019. T. 18, Ne 4. C. 86-95. EDN: NZWVMC
doi: 10.25700/NJG.2019.04.07

Fang EH, Khaw PT, Mathew RG, Henein C. Corneal endothelial cell
density loss following glaucoma surgery alone or in combination
with cataract surgery: A systematic review protocol. Bmj Open.
2021;11(9):E050992. doi: 10.1136/bmjopen-2021-050992
Gimbel HV, Penno EE, Ferensowicz M. Combined cataract
surgery, intraocular lens implantation, and viscocanalostomy.
J Cataract Refract Surg. 1999;25(10):1370-1375.
doi: 10.1016/s0886-3350(99)00203-5

Breebaart AC, Nuyts RM, Pels E, et al. Toxic endothelial
cell destruction of the cornea after routine extracapsular
cataract surgery. Arch Ophthalmol. 1990;108(8):1121-1125.
doi: 10.1001/archopht.1990.01070100077038

Suleiman EA, Petrov SY. Drainage glaucoma surgery. Nat J
Glaucoma. 2022;21(2):67-76. (In Russ.) CyneiimaH E.A., lMeT-
poB C.1O. [IpeHaxxHaa xvpyprus rnaykombl // HauymoHasbHbIn
xypHan rnaykoma. 2022. T. 21, Ne 2. C. 67-76. EDN: UQFILG
doi: 10.53432/2078-4104-2022-21-2-67-76

Broadway DC, Chang LP. Trabeculectomy, risk factors for failure
and the preoperative state of the conjunctiva. J Glaucoma.
2001;10(3):237-249. doi: 10.1097/00061198-200106000-00017
Broadway DC, lester M, Schulzer M, Douglas GR. Survival
analysis for success of molteno tube implants. Br J Ophthalmol.
2001;85(6):689-695. doi: 10.1136/bjo.85.6.689

Burgoyne JK, Wudunn D, Lakhani V, Cantor LB.
Outcomes of sequential tube shunts in complicated

https://doi.org/10.17816/clinpract626539


https://doi.org/10.1097/01.ico.0000230499.07273.c5
https://doi.org/10.1111/j.1755-3768.1980.tb05719.x
https://doi.org/10.1016/j.jcrs.2007.07.057
https://doi.org/10.2147/OPTH.S22874
https://doi.org/10.3389/fphar.2020.00202
https://doi.org/10.1001/archopht.116.8.1003
https://doi.org/10.1007/s40123-023-00699-9
https://doi.org/10.1016/j.ajo.2020.12.006
https://doi.org/10.1097/ICO.0000000000002691
https://doi.org/10.1016/s0886-3350(97)80074-0
https://doi.org/10.1167/iovs.18-24939
https://doi.org/10.1007/s10384-009-0740-1
https://elibrary.ru/oyggyz
https://doi.org/10.4103/ijo.IJO_234_22
https://doi.org/10.1136/bjophthalmol-2013-304717
https://doi.org/10.1159/000334794
https://doi.org/10.1097/IJG.0b013e3182311b92
https://doi.org/10.1016/j.jcrs.2008.03.032
https://doi.org/10.4103/0974-9233.148345
https://elibrary.ru/qbtwsd
https://elibrary.ru/nzwvmc
https://doi.org/10.25700/NJG.2019.04.07
https://doi.org/10.1136/bmjopen-2021-050992
https://doi.org/10.1016/s0886-3350(99)00203-5
https://doi.org/10.1001/archopht.1990.01070100077038
https://elibrary.ru/uqfilg
https://doi.org/10.53432/2O78-4lO4-2O22-2l-2-67-76
https://doi.org/10.1097/00061198-200106000-00017
https://doi.org/10.1136/bjo.85.6.689

REVIEW
2024

Vol 15 &3

54.

55.

56.

57.

58.

59.

glaucoma. Ophthalmology.
doi: 10.1016/s0161-6420(99)00039-1
Lass J, Benetz B, He J, et al. Corneal endothelial cell loss and
morpho-metric changes 5 years after phacoemulsification
with or without cypass micro-stent. Am J Ophthalmol.
2019;(208):211-218. doi: 10.1016/j.2j0.2019.07.016

Fang EH, Mathew RG, Khaw PT, Henein C. Corneal
endothelial cell density loss after glaucoma surgery alone or
in combination with cataract surgery: A systematic review
and meta-analysis. Ophthalmology. 2022;129(8):841-855.
doi: 10.1016/j.ophtha.2022.03.015

Gongalves ED, Campos M, Paris F, et
keratopathy: Etiopathogenesis and treatment.
Oftalmol.  2008;71(6  Suppl):61-64. (In
doi: 10.1590/s0004-27492008000700012
Pricopie S, Istrate S, Voinea L, et al. Pseudophakic
bullous keratopathy. Rom J Ophthalmol. 2017;61(2):90-94.
doi: 10.22336/rj0.2017.17

Ginoyan AA, Kopaev SY, Kopaeva VG. Laser cataract extraction
in eyes with open-angle glaucoma. Vestnik Orenburg State
University. 2013;(4):63-65. (In Russ.) MHosiH A.A., Konaes C.10.,
Konaesa B.[. JlazepHas SKCTpakuusi KaTapakTbl Ha rnasax
C OTKpbITOyronbHoi rnaykomon // BecTtHuk OpeHbyprcko-
ro rocygapctBeHHoro yHusBepcuteta. 2013. Ne 4. C. 63-65.
EDN: QBUXRR

Ginoyan AA. ND:Yag 1.44 pm laser cataract extraction and
intraocular lens implantation in eyes with coexisting primary
open-angle glaucoma. Nat J Glaucoma. 2020;19(4):49-57.
(In Russ.) TuHosiH A.A. JlasepHasi 3KCTpakuusi KaTapakTbl
(Nd:Yag, 1,44 MKM) y MauueHTOB C NepBUYHON OTKPbITOYrONbHON
rnaykomown // HaymoHansHbii xypHan rnaykoma. 2020. T. 19,
Ne 4. C. 49-57. EDN: TXZMIM doi: 10.25700/NJG.2020.04.06

2000;107(2):309-314.

al. [Bullous
Arq Bras

Portuguese).]

AUTHORS’ INFO

The author responsible for the correspondence:
Anastasia |. Fedorova;

address: 61/2 Shepkina street, 129110 Moscow, Russia;
ORCID: 0009-0008-7670-2910;

eLibrary SPIN: 2706-1090;

e-mail: FedorovaAnastasyalg@yandex.ru

Co-authors:

Igor A. Loskutov, MD, PhD;
ORCID: 0000-0003-0057-3338;
eLibrary SPIN: 5845-6058;
e-mail: loskoutigor@mail.ru

www.clinpractice.ru

60.

61.

62.

63.

64.

65.

Dada T, Bhartiya S, Baig NB. Cataract surgery in eyes with
previous glaucoma surgery: Pearls and pitfalls. J Curr Glaucoma
Pract. 2013;7(3):99-105. doi: 10.5005/jp-journals-10008-1145
Ivachev EA. Features of cataract surgery and the postoperative
period in patients with glaucoma (part 2). Nat J Glaucoma.
2022;21(4):48-54. (In Russ.) Meayés E.A. OcobeHHOCTU Xxu-
pypruy kKatapakTbl ¥ MOC/ieonepaumMoHHoro nepuoga y na-
LMEHTOB C rnaykomoii (coobiienve 2) // HaymoHanbHbIi Xyp-
Han rnaykoma. 2022. T. 21, Ne 4. C. 48-54. EDN: IXHJVF
doi: 10.53432/2078-4104-2022-21-4-4-48-54

Nikolashin SI, Fabrikantov OL. Indications for narrow rigid pupil
dilatation in cataract phacoemulsification in glaucomatous eyes
depending on initial state of eye. Tambov University Reports. 2014;
19(4):1186-1192. (In Russ.) HukonawwuH C.W., ®abpukanHTtos O.J1.
MokazaHnsa K pacLUMPEHNIO Y3KOro pUrngHoro 3payka npu gako-
3MyNbCUUKaLMM KaTapaKTbl HA MMAayKOMHbIX riasax B 3aBucu-
MOCTU OT MCXOAHOr0 COCTOsSHWA rnasa // BecTHuk TamboBCKoro
yHuBepcuteta. 2014. T. 19, Ne 4. C. 1186-1192. EDN: QNYPJC
Chen M, Liu, Cheng C., Lee S. Corneal status in primary angle-
closure glaucoma with a history of acute attack. J Glaucoma.
2012;21(1):12-16. doi: 10.1097/IJG.0b013e3181fc800a
Kurysheva NI, Lepeshkina LV, Kapkova SG. Factors affecting the
corneal endothelium after selective laser trabeculoplasty in primary
open angle and angle closure glaucoma. BMJ Open Ophthalmol.
2021;6(1):e000638. doi: 10.1136/bmjophth-2020-000638
Loskutov IA, Fedorova Al. Phacoemulsification with IOL
implantation at a critical level of corneal endothelial cells.
Ophthalmol J. 2023;16(3):63-69. (In Russ). JlockyTtos U.A., ®e-
poposa A.N. ®akoamynbcudukaums ¢ umnnardTtaymein MO npu
KPUTUYECKOM YPOBHE 3HAOTENMANbHbIX KJIETOK porosuubl //
Ogpranbmonorndeckune segomoctu. 2023. T. 16, Ne 3. C. 63-69.
EDN: KRUVDB doi: 10.17816/0V567921

OB ABTOPAX

ABTOP, OTBETCTBEHHBIN 32 NEPENUCKY:

®depopoBa AHacTacusa UropesHa;

appec: Poccus, 129110, Mocksa, yn. LLienkunHa, A. 61/2;
ORCID: 0009-0008-7670-2910;

eLibrary SPIN: 2706-1090;

e-mail: FedorovaAnastasyalg@yandex.ru

CoaBTopb!:

JNockyTtoB Uropb AHaTtonbeBuy, a-p Med. Hayk;
ORCID: 0000-0003-0057-3338;

eLibrary SPIN: 5845-6058;

e-mail: loskoutigor@mail.ru

81


https://doi.org/10.1016/s0161-6420(99)00039-1
https://doi.org/10.1016/j.ajo.2019.07.016
https://doi.org/10.1016/j.ophtha.2022.03.015
https://doi.org/10.1590/s0004-27492008000700012
https://doi.org/10.22336/rjo.2017.17
https://elibrary.ru/qbuxrr
https://elibrary.ru/txzmim
https://doi.org/10.25700/NJG.2020.04.06
https://doi.org/10.5005/jp-journals-10008-1145
https://elibrary.ru/ixhjvf
https://doi.org/10.53432/2078-4104-2022-21-4-4-48-54
https://elibrary.ru/qnypjc
https://doi.org/10.1097/IJG.0b013e3181fc800a
https://doi.org/10.1136/bmjophth-2020-000638
https://elibrary.ru/kruvdb
https://doi.org/10.17816/OV567921
https://orcid.org/0009-0008-7670-2910
https://www.elibrary.ru/author_profile.asp?spin=2706-1090
https://orcid.org/0000-0003-0057-3338
https://www.elibrary.ru/author_profile.asp?spin=5845-6058
https://orcid.org/0009-0008-7670-2910
https://www.elibrary.ru/author_profile.asp?spin=2706-1090
https://orcid.org/0000-0003-0057-3338
https://www.elibrary.ru/author_profile.asp?spin=5845-6058

REVIEW

LIQUID BIOPSY OF GLIOMAS WITH DETECTION
OF EXTRACELLULARTUMOR NUCLEIC ACIDS

T.I. Rakhmatullin!, M. Jain', L.M. Samokhodskaya', A.A. Zuev?
! Lomonosov Moscow State University, Moscow, Russia;
2 National Medical and Surgical Center named after N.I. Pirogov, Moscow, Russia

ABSTRACT

Gliomas are the reason of fatal outcomes in an overwhelming number of patients with oncology diseases
located in the central nervous system. The diagnostics of such neoplasms requires using stereotaxic biopsy,
which cannot be performed in a certain percentage of the patients. Besides, this disease is characterized
by high recurrence rates, despite the advances in developing resection and chemotherapy — based
technologies. The early detection of oncological diseases located in the central nervous system and the
differential diagnostics of tumor pseudo progression, not affecting the survival of the patient, represents
a challenge for modern Medicine. Liquid biopsy is a minimally invasive diagnostic method based on the
analysis of tumor derivatives (such as extracellular tumor DNA and RNA), contained within the biological
fluids of the organism. For the purpose of defining the presence of the tumor component, the tests are used
to detect the so-called hot-spot mutations and the patterns of epigenetic regulation, found in specific types
of tumors. The technology can be used for detecting tumor recurrences and for the differential diagnostics
of space-occupying mass lesions in patients, in which stereotaxic biopsy is contraindicated. The review
contains a discussion on modern advances of fluid biopsy based on the analysis of the extracellular tumor
DNA and RNA levels in blood plasma and in the cerebrospinal fluid of glioma patients.

Keywords: circulating tumor DNA; microRNA; liquid biopsy; glioma; central nervous system; central

nervous system malignancies; screening.
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BACKGROUND

Despite the fact that gliomas represent only 18-19%
of all the brain neoplasms, they are the cause of fatal
outcomes in an overwhelming number of patients
with oncology diseases affecting the central nervous
system. Its most widespread type is glioblastoma,
in which the 5-year survival rate does not exceed
7% [1]. Low-grade gliomas are characterized by the
relative 5-year survival of more than 80%, however, the
majority of them ultimately show a tendency to further
malignization [2]. At the present moment, the first stage
of treating the brain tumors, the recommendations
include performing the maximal possible resection of
the neoplasm. Sadly, but the infiltrating growth type of
gliomas prevents its total resection. Moreover, due to
the severity of the patient status and due to the risk
of possible complications, the total resection of such
tumors can be switched to partial resection or the
resection itself can be cancelled, which decreases the
efficiency of the conducted treatment even more [3].

In order to increase the survival rate of the
patients, adjuvant therapy is being used, however,
despite its use, within a year and a half after setting
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the diagnosis, in about 70% of the glioblastoma
patients and in 20% of low-grade glioma patients, the
development of recurrences is observed, requiring
repeated surgical intervention [3-5]. For the purpose
of their timely detection, every 3—6 months the patients
undergo examinations using the method of magnetic
resonance imaging (MRI) [3]. The changes in the brain
tissues, such as radiation-induced necrosis, swelling
or decreased contrasting, caused by the therapy, in
36% of the glioblastoma cases lead to the findings
similar to the manifestations of tumor recurrence —
pseudoprogression [6]. Despite the fact that the median
of progression-free survival for low-grade gliomas is
approximately 5 years, in 20% of the cases they are also
characterized by the presence of pseudoprogression [7].
This event, apparently, does not affect the overall
survival of the patients and requires using separate
therapy. The use of specific anti-relapse therapy at this
stage, on the contrary, can worsen the patient status
[3, 6, 7]. When using classical MRI modes (T1-weighed
MRI with contrast enhancement and T2-FLAIR), it is
not always possible to determine the presence of true
progression of the tumor, which results in untimely
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HAYYHbIH OB30P

MUAKOCTHAA bUOMNCUA TMMOM C BbIABJIEHUEM
BHEKJIETOYHbIX OMYXOJIEBbIX HYKJIEMHOBbIX KUCNIOT
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AHHOTALUA

oMbl SABASIKOTCS NPUHNHON rMbesn NogaBstoLLero Ynucaa 60/bHbIX C OHKOJIOMMYEeCKUMY 3ab01eBaHNSIMIN
LeHTPasIbHOV HEPBHOM CUCTEMBI. [JnarHOCTVKa Takux HOBOObpa3oBaHuii TPEOYET NCroib30BaHNs CTEPEOD-
TaKCUYECKOW BUOMNCUM, KOTopasi MOXKET ObiTb MPOBEAEHa 4asleKo He y BCeX rnauneHToB. Kpome Toro, gaH-
Hoe 3abosieBaHNe XapakKTepu3yeTCsl BbICOKOM 4acTOTOM PeunanBoB, HECMOTPST Ha yCriexu B PasBuTun pe-
3EKUMOHHbIX 1 XUMMNOTEPANEBTUHECKNX TEXHOJIOMMIA. PaHHee BbisiB/IEHNE OHKOJIOMMYECKOro 3abosieBaHus
LeHTPasIbHOW HEPBHOW CUCTEMbI U angdepeHlymaibHas anarHocTka ¢ rnceBaonporpeccuneri onyxonum, He
B/IMSIIOLLEN HA BbIKMBAEMOCTb NMayneHTa, NpeAcTaB/ISeT akTyasabHyo 3aaa4y 4151 COBPEMEHHON MEANLMNHBI.
JKnpkocTHas 6uorcusi SBASIETCS MaslOMHBa3UBHBbIM METOLOM ANarHOCTUKY, OCHOBaHHbLIM Ha aHasm3e orny-
X0J1eBbIX 4epyBaToB (Takux Kak BHeKseTouHas onyxonesas [JHK v PHK), Haxogswmxcsi B GUOI0Orn4ecknx
KMOKOCTSAX opraHn3ma. [11s onpeneneHnss orlyxoaeBoro KOMOHEHTa UCIO/b3YIOT aHain3 Tak Ha3biBaeMbIX
hot-spot myTayuii v NaTTEPHOB SMUIEHETUHECKON PErynsaLuy, npucyLnx onpeaeiEHHoOMY TUMy OMyXOJIu.
TexHO0rvsi MOXKET BbITb UCM0/1b30BaHa /151 BbISIBIEHWS PELUANBOB OryX0o/u v auggepeHLmnanbLHON anar-
HOCTUKM OB6BEMHbBIX 0Bpa3oBaHui y naLMeHToB, KOTOPLIM MPOTUBOMOKa3aHa CTepeoTakcn4yeckas buorcusl.
B 0630pe 06CyxaarTCsi COBPEMEHHbIE [OCTYKEHUS XUAKOCTHOM BUONCUM Ha OCHOBE aHa/In3a BHEK/IETOY-
Howi onyxonesovi JHK n PHK B rinasme KpoBu ¥ CIIVHHOMO3rOBOM XUAKOCTU NaLneHToB C I/InoMamu.
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use of therapy and a decrease in the survival rate. In
both cases, clinicians receive corrupted data on the
prognosis and on the efficiency of conducted therapy.

At the present moment, there is a development going
on in the field of perfusion and radio-isotopic methods of
diagnostics, allowing for more precise defining the tumor
status, however, their wide spreading is still pending [6].

Due to the fact that the histopathological examination
of surgical material still remains the main method for the
differential diagnostics of space-occupying neoplasms in
the brain, the absence of surgical intervention encumbers
not only the process of fighting the disease, but also
setting the correct diagnosis [3]. In such cases, the
decisive diagnostic procedure is the stereotaxic biopsy of
the neoplasm [6]. Despite this method demonstrating high
sensitivity and specificity, it is characterized by relatively
high rate of complications (up to 17%), as well as by high
requirements in terms of the qualification of the medical
staff and of the visualization equipment quality [8]. For
this same reason, the stereotaxic biopsy, probably, can

not be used for routine regular detection of recurrences.
Moreover, such factors as the involvement of the brain
stem, the presence of serious concomitant diseases in
the patient or progressive worsening in the neurological
status, may ultimately become the reason for avoiding
such a manipulation [9]. Due to the fact that MRI signs
of some non-oncological diseases may match to those
of gliomas (and vice versa), the absence of precise
diagnosis shall impose a risk of using incorrect therapy
and shortening the life expectancy of the patient [10, 11].
For the purpose of increasing the survival rate and
the quality of life in the patients, it is necessary to
develop new methods for diagnosing gliomas. Currently,
the potential of fluid biopsy is being actively studied —
the method for analyzing the cellular and molecular
tumor derivatives within various biological fluids of the
organism. Special attention in this field is paid to the
analysis of extracellular tumor DNA and RNA, the levels
of which are informative regarding the volume and the
mutation burden of the investigated tumor [12, 13].
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The aim of this review is to summarize the data
from the research works evaluating the diagnostic and
prognostic potential of fluid biopsy of glioblastoma
based on the analysis of the extracellular tumor DNA
and RNA.

GENETIC CHARACTERISTICS OF GLIOMAS

(DNA AND RNA OF THE TUMOR TISSUE)

Initially, the analysis of molecular markers as an
important component of diagnosing gliomas was
recommended in the classification of the central nervous
system tumors, issued by the World Health Organization
(WHO) in 2016. According to this classification, the key
mutations of gliomas, associated with better survival
of the patients, are the mutations in genes IDH1, IDH2,
TP53, the deletion of ATRX gene and the co-deletion of
1p/19q. In the later classification issued in 2021, as well
as in the Clinical recommendations from the European
Association of Neuro-Oncology and from the Korean
Association of Oncology, a relation was reported for
the mutations in genes CIC and FUBP1 with better
survival of patients, while the mutations of TERT

REVIEW

(PTERT) promoter, of the NOTCH1 and EGFR genes,
the deletion of CDKN2A/B, as well as the alteration
of the number of chromosomes 7/10 — with worse
survival. These mutations are most commonly found
in cases of gliomas and they have the most influence
on the clinical signs. Their presence is considered
a justification for referring gliomas to one of three main
histotypes, defined by the WHO classification issued
in 2021 [3]. At the same time, the mutation of genes
VEGF, ARF, PTEN, NF1, RTK/ RIS and others were
not used for typological classification of gliomas, but
they also can be found in a significant part of glioma
patients, being the negative prognostic markers [14].
The list of commonly found molecular changes having
a prognostic value, is provided in table 1.

The characteristics of glioma, besides the genetic
changes, are also affected by alterations in the epigenetic
regulation of the cells. In glioblastoma cells, generally,
hypermethylation is shown for chromosomes 1, 2,
3 and 17 with hypomethylation of chromosomes 11,
16, 19 and 20. Most commonly, the hypermethylated
gene promoters include pLRRC4, pPANKDD1A, pGAD1,

List of mutations that have the greatest impact on the prognosis of patients with adult type diffuse glioma

Molecular Positive
alterations prognosis
Nucleotide IDH1R132H, R132C | |DHR172"

CICR1124W, R1110W, R1111W etc.
FUB P1X8375p/ice, 1443Rfs*47, X314_splice etc.

ATRXR1426%, R907" etc.

substitutions

Deletion of ATRX
Co-deletion of 1p/19q

Deletion
of genome areas

Duplication -
and amplification
of genome areas

Methylation etc. =~ Hypermethylation of pMGMT,
CDKN2A, RASSF1A

Microsatellite instability

Increase
in the number
of extracellular

tumor RNA SPRY4-IT1 etc.

miRNA-1-3p, 26a-1-3p, 487b-3p, 342-3p etc.
cRNA CM21D, circPTK2, circSERPINEZ2 etc.
INRNA CASC2, MEG3, PDCD4-AS1, GSCAR,

Table 1
Negative
prognosis
pTERTczst, Cc250T
VEGF
,O 1 4ARF /p 1 6INK4A
EGFRG598V’ A289V etc.

TP53R273C, R175H, R248Q etc.
'DTENFHSO", R233%, R335"%, R173H etc.
MUC1 6T11587M, T11535M, T4653K etc.
PIK3R1G376R, N564D, X583_splice etc.
NF1F1247Ifs*18, R2450%, C167Qfs*10 etc.

PIK3CAH1047R, R88Q, G118D gt
RB1S318Nfs*13, R552", X445_splice etc.
PDGFRAE229K, N468S, V309F gtc.
RTK/RIS

NOTCH1F357del, A465T, D338del gtc.

Loss of chromosome 10
Deletion of CDKN2A/B
Deletion of MTAP

Duplication and amplification of 7th chromosome
Amplification MDM2/MDMA4

Amplification EGFR

Amplification MYC

Hypermethylation pPARP-1, pSHP-1,
PDAPK-1 v pTIMP-3

miRNA-454-3p, 21, 17-5p, 125b, 221, 128, 342-3p etc.
KRNA circSKA3, CircXPO1, circENTPD? etc.

INRNA HOTAIRM1, STEAP3-AS1, CASC2c, HOXAT11-AS,
ASLNC22381, ASLNC20819, CRNDE etc.

Note. p — gene promoter; RNA — ribonucleic acid; miRNA — micro ribonucleic acid; cRNA — circular ribonucleic acid;

INRNA — long non-coding ribonucleic acid.
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pSIX3, pSST, pPHOX2B, pPCDHAS8, pHIST1H3E and
pPCDHA13, while the hypomethylated ones include
pF10, pPOTEH, pCPEB1, pLMO3, pELFN2 and
pPPRDM?16 [14]. One of the most studied markers is the
hypermethylation of MGMT (pMGMT) promoter, which
occurs in more than half of glioma cases and which is
associated with better survival [3]. Additionally, data is
available on more than 160 genes, the expression of
which in glioma cells is decreased under the effects of
hypermethylation in their promoters [15]. At the same
time, there is a point of view stating that the features
of glioma course are affected not by methylation of
individual genes, but by the change in the epigenetic
regulation pattern of the whole cell genome in general.
For example, there is a well known interrelation between
the G-CIMP glioma methylation profile and the presence
of IDH1/IDH2 mutations, associated with better survival
among the patients [14].

The epigenetic regulation of gene expression
includes not only the changes in the methylation of their
promoters, but also the interaction with a broad set of
non-coding RNA. Among them, the most studied is the
microRNA, consisting of 20-22 nucleotides. In glioma
cases, modified expression is found in more than
300 microRNA, the most prominent representatives of
which are the microRNA-21, 221, 222, 26-a, 10-b and 182,
the hyperexpression of which is often observed in glioma
tissues, as well as microRNA-181a, 181b and 187c, 34a,
the expression of which in gliomas is reduced [14].
Minor RNA also include the circular RNA, of which
the role is the regulation of microRNA and matrix RNA
activity, which results in changes in the expression of
the key genes, such as PAQR3, MKP1, GLUT1 etc. In
glioma tissues, more than 400 abnormally expressed
circular RNA were found [16]. The characteristics of
the tumor are also affected by long-chain non-coding
RNA, consisting of more than 200 nucleotides. The
most comprehensively described are the ASLNC22381,
ASLNC20819, CRNDE and HOTAIRM1 long-chain
non-coding RNA, which become significantly activated

in glioblastoma tissues (the high levels of which, in turn,
are considered as a negative prognostic sign), as well
as CASC2, PDCD4-AS1, GSCAR, MEG3 and others,
which prevent the development of tumors and the levels
of which are decreased in gliomas comparing to normal
tissues [14, 17].

EXTRACELLULAR TUMOR DNA

The extracellular tumor DNA is a component of the
total extracellular DNA, which, generally, consists of DNA
fragments with a length of 80-200 base pairs, which
corresponds to about one volution of the nucleosome.
Its main source is believed to be the dead cells, as well
as the cells that actively produce the extracellular DNA.
Besides the immune system cells, releasing extracellular
DNA during the NETosis, such sources include the tumor
cells, apparently, using these molecules as intercellular
messengers [18]. In physiological conditions, the blood
concentration of extracellular DNA does not exceed
40 ng/ml, however, in cases of cancer processes, it can
increase by a factor of tens [19]. The increase of DNA
concentration is associated not only with the secretion by
tumor cells or their necrosis, but also with the death of cells
surrounding the tumor caused by the Warburg effect [20].

Upon the analysis of the extracellular tumor DNA,
information can be obtained on the mutation pattern
and on the changes of the epigenetic regulation pattern
in the tumor cells. These may be important for non-
invasive diagnostics of neoplasms. It is worth noting
that extracellular tumor DNA have a half-life period of
less than 1.5 hours, which also allows for using them
for dynamic monitoring of the treatment efficiency [18].

Genetic changes of the extracellular tumor DNA

Most commonly, the fluid biopsy of gliomas reveals
mutations in the pTERT (~65%), TP53 (40-60%), H3F3A
(~50%), IDH1 (30%), CDKN2A/B (25%), NF1 (~24%),
EGFR (20-25%), ATRX (10-20%), MET (~18%), APC
(~15%), PDGFRA (10-14%) and FAT1 (<10%) genes
(table 2, 3) [12-52]. Reports were also provided on

Table 2

Studies on the analysis of cell-free tumor DNA and RNA in the diagnosis of adult type diffuse glioma

R Research Substrate (tested volume); Analysis outcome, %
esearch
sample Test method (marker tested) Se Sp AUC
Analysis of mutations in the extracellular tumor DNA
[21] 57, glioma CSF (3 ml) + serum (3 ml) + tissue (n/d); 91.9 - -
NGS (Panel of 68 genes)
[22] 85, glioma Serum (3.5 ml) + CSF (3.5 ml); 49.4 - -

(46 cases of brain
glioblastoma — BGB);
7, control

NGS (Panel of 410 genes)
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Table 2
Continued
Research Substrate (tested volume); Analysis outcome, %
Research
sample Test method (marker tested) Se Sp AUC
[26] 34, glioma CSF (1-3 ml); ddPCR (IDH1, pTERT, H3F3A) 87 - -
[27] 42, glioma TERT-mut; Serum (1 ml); 52.38 90.91 -
9, glioma TERT-wt; ddPCR (pTERT)
23, control
[28] 45, glioma Serum (1 ml) + tissue (n/d); 11.54 - -
RtPCR (IDHT)
[32] 395, BGB Serum (n/d) + tissue (n/d); 75 - -
NGS (pTERT)
[34] 4, recurrence of BGB; CSF (10 yl) + tissue (n/d); - - 94.4
111, glioma; NGS (panel of 68 genes)
111, control
The analysis of changes in the methylation patterns of extracellular tumor DNA
[35] 149, glioma Serum (1.2-9.3 ml); 100 97.78 -
bisulfite conversion + NGS
(panel of 100 epigenetic variants)
[36] 17, glioma Serum (3 ml) + tissue (n/d); 70.58 - -
bisulfite conversion + PCR in the agarose gel
(obMGMT, pRASSF1A, p15INK4B, p14ARF)
[38] 20, astrocytoma; Serum (1 ml) + tissue (n/d); 75 - -
20, oligodendroglioma;  bisulfite conversion + PCR in the agarose gel
10, control (pCDKN2A)
[39] 41, astrocytoma; Blood (5 ml) + serum (200 pl) + tissue (n/d); Astrocyto- = Astrocyto- -
29, oligodendroglioma bisulfite conversion + RtPCR ma 59%; ma 100%;
(bPTEN, pMGMT); oligoden- = oligoden-
RtPCR (loss of heterozygosity in 10q, 19q, 1p) = droglioma = droglioma
58% 94%
[40] 89, glioma CSF (4-5 ml) + tissue (n/d) + serum (n/d); 65 100 -
bisulfite conversion + PCR + chromatography
(oMGMT)
Analysis of the extracellular tumor RNA levels
[12] 7, BGB; Serum (200 pl); 100 97.8 98
4, glioma stage Il ddPCR (miRNA-320e, 223, 23a, 21)
[43] 111, BGB; CSF (1 ml); 80 67 75
84, control (non- RtPCR (miRNA-21, 218, 193b, 331, 374a,
oncological diseases) 548c, 520f, 27b, 130b)
[44] 30, glioma stage II-1V; Serum (400 pl); 90 100 93
10, adenoma of the RtPCR (miRNA-21, 128, 342-3p)
hypophysis;
10, meningioma;
10, control
[47] 23, BGB; Serum (n/d); - - 9041
5, glioma stage llI; ddPCR (circHIPK3, circSMARCAS5)
10, control
[48] 25, BGB; Serum (n/d); 96 95 98.8
20, control RtPCR (miRNA-17-5-p, 125b, 221)
[49] 30, EGFRVIII positive; Serum (2 ml) + tissue (n/d); 7277 97.67 -
10, EGFR wild type; ddPCR of tissues and serum,
14, control RtPCR of tissue samples (mRNA-EGFRVvIII,

mRNA-EGFR wild type)

Note. Se — sensitivity; Sp — specificity; AUC — area under the ROC curve; BGB — brain glioblastoma; CSF — cerebrospinal
fluid; NGS — next generation sequencing; RtPCR — real-time PCR; ddPCR — digital droplet PCR; RNA — ribonucleic acid;
miRNA — micro ribonucleic acid; cRNA — circular ribonucleic acid; INnRNA — long noncoding ribonucleic acid; p — gene
promoter; n/d — data is not available.
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(13]

(19]

(23]

(24]

(25]

(28]

(29]

(31]

(32]

(25]

(33]

[39]

(34]

[37]

(40]

Research
sample

Substrate (test sample);
Test method
(investigated marker)

Table 3
Studies on the relationship between cell-free tumor DNA and RNA in the prognosis of adult type diffuse glioma

Analysis outcome

Positive
prognosis

Negative
prognosis

Analysis of mutations in the extracellular tumor DNA

370, glioma (222 BGB)

122, BGB;
55, adenocarcinoma,;
130, control

30, glioma (TISF);
14, glioma (CSF)

42, BGB;
42, control

240, glioma;
25, control
45, glioma
49, BGB

60, BGB

395, BGB

Serum (n/d);
NGS (panel of >54 genes)

Serum (n/d);
fluorimetry (ecDNA)

TISF (n/d) + CSF (n/d) + serum (n/d);
NGS (panel of 68 genes)

Serum (1 ml);
RtPCR (ecDNA)

Serum (n/d) + tissue (n/d);
RtPCR (IDH1)

Serum (1 ml) + tissue (n/d);
RtPCR (IDH1)

Serum (1-5 ml);
ddPCR (pTERT)

Serum (n/d) + CSF (n/d) +
tissue (n/d);
ddPCR (pTERT)

Serum (n/d) + tissue (n/d);
NGS (oTERT)

- TP53 1
NF1 7
EGFR *
PIK3CA

- ecDNA

- etDNA T

- etDNA T

IDH1 -

IDH1 1 -

The marker level is not

a prognostic sign

- pTERT 1

- pTERT 1

Analysis of changes in the methylation patterns of extracellular tumor DNA

240, glioma;
25, control

124, glioma;
58, control

149, glioma

4, recurrence BGB;
111, glioma;
111, control

66, glioma;
20, control

89, glioma

Serum (n/d) + tissue (n/d);
bisulfite conversion + RtPCR
(oPARP-1, pSHP-1, pDAPK-1,
PTIMP-3, pMGMT)

Serum (n/d);

bisulfite conversion + Sanger
sequencing

(Alu, P MGMT, pRASSF1A, pCDKN2A)

Serum (1.2-9.3 ml);
bisulfite conversion + NGS
(Panel of 100 epigenetic signs)

CSF (10 pl) + tissue (n/d);
NGS (Panel of 68 genes)

CSF (n/d) + serum (n/d) + tissue (n/d);
Immunoprecipitation of methylated
DNA + RtPCR (obMGMT, pTIMP-3,
pP16INK4a, pTHBST)

CSF (4-5 ml) + tissue (n/d) +
serum (n/d);

bisulfite conversion + PCR +
chromatography (pMGMT)

www.clinpractice.ru

PMGMT 1t PPARP
pPSHP 1

pTIMP 1

- Alu 1t
PMGMT 1

- High level
of the tumor

methylation scale

NKD1 1
GNB5 1

pFLRT2 *
PETV1 1

pNTRK3 1 COMMD1 1
pC10orf226 1 CHI3L2 1

- pMGMT 1
pTIMP-3 1

pP16INK4a 1
pTHBST *

- pMGMT *
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[41]

[12]

[43]

[44]

(48]

[46]

[47]

(48]

[49]

[50]

[51]

(52]

Research
sample

58, glioma

Continued

Substrate (test sample);
Test method
(investigated marker)

Serum (n/d) + tissue (3—-5 samples
with a thickness 10 ym);

bisulfite conversion + RtPCR
(oMGMT)

REVIEW

Table 3

Analysis outcome

Positive
prognosis

pMGMT *

Analysis of the extracellular tumor RNA levels

7, BGB;
4, glioma stage Il

111, BGB;
84, control (non-
oncological diseases)

30, glioma stage II-1V;
10, adenoma

of the hypophysis;

10, meningioma;

10, control

15, BGB;
4, low grade glioma;
7, control

25, glioma;
25, control

23, BGB,;
5, glioma stage lll;
10, control

25, BGB;
20, control

30, EGFRVIII positive;
10, EGFR wild type;
14, control

50, astrocytoma;
60, control

15, glioma (8 IDH-wt
and 7 IDH-mut);
15, control

106, BGB

Serum (200 pl);
ddPCR (miRNA-320e, 223, 23a, 21)

CSF (1 ml);
RtPCR (miRNA-21, 218, 193b, 331,
374a, 548c, 520f, 27b, 130b)

Serum (400 pl);
RtPCR (miRNA-21, 128, 342-3p)

Serum (n/d);
RtPCR (panel of 84 mRNA)

Serum (n/d) + tissue (n/d);
RtPCR (circMMP1,
miRNA-433, HMGB3)

Serum (n/d);
ddPCR (circHIPK3, circSMARCAS5)

Serum (n/d);
RtPCR (miRNA-17-5-p, 125b, 221)

Serum (2 ml) + tissue (n/d);

ddPCR from the tissues and serum,
RtPCR from the tissues
(MRNA-EGFRUvIll, mMBRNA-EGFR
wild type)

Serum (100 pl);
RtPCR (9 miRNA)

Serum (200 pl);
ddPCR (10 miRNA)

Serum (n/d);
RtPCR (miRNA-222-3p, 20a-5p,
106a-5p, 182, 145-5p)

miRNA-128 ©
miRNA-342-3p 1

miRNA-182 1
miRNA-145-5p 1

Negative
prognosis

miRNA-320e 1
miRNA-223 1
miRNA-21 1

miRNA-21 1

miRNA-21 1

mRNA-GZMB
mRNA-HLA-A

circMMP1 1
miRNA-433 1
HMGB3 1

circSMARCAS5 {
circHIPK3 1

miRNA-17-5-p ©
miRNA-125b ©
miRNA-221 1

mRNA-EGFRVvII ©

miRNA-19a-3p 1
miRNA-106a-5p 1
miRNA-181b-5p 1

miRNA-1-3p
miRNA-26a-1-3p L
miRNA-487b-3p 4

miRNA-222-3p 1
miRNA-20a-5p T
miRNA-106a-5p T

Note. BGB — brain glioblastoma; CSF — cerebrospinal fluid; NGS — next generation sequencing; RtPCR — real-time PCR;
ddPCR — digital droplet PCR; DNA — desoxyribonucleic acid; RNA — ribonucleic acid; mRNA — messenger RNA;
miRNA — micro RNA; cRNA — circular RNA; INnRNA — long noncoding RNA; p — gene promoter; n/d — data is not available;
T or { — identification of elevated or decreased level of marker in groups of patients in comparison with control groups.
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the elevation of the total extracellular DNA levels in
glioma patients being 1.3-30 -fold higher comparing
to the individuals in the control group [19, 24]. At
the same time, in healthy volunteers, no mutation-
related changes were observed in plasma and in the
cerebrospinal fluid, which was expected [22, 25]. The
sensitivity of droplet digital polymerase chain reaction
(PCR) when searching for extracellular tumor DNA in the
cerebrospinal fluid when diagnosing gliomas reaches
up to 87%, with a specificity of 100%. The use of next
generation sequencing (NGS) allows for increasing the
sensitivity up to 91.9% [21, 26, 27]. However, testing
the serum samples for extracellular tumor DNA using
digital droplet PCR is characterized by the sensitivity
of only 52.38% [27]. The sensitivity of PCR performed
in the real time mode when searching for extracellular
tumor DNA in the serum samples, is only 11.54% [28].
The results of determining the diagnostic efficiency of
fluid biopsy are provided in table 2.

The level of mutation burden is related to the
tumor tissue volume, decreasing after the tumor
resection or after chemotherapy with an increase
during the recurrence [27, 29], however, no correlation
was observed between the extracellular DNA levels
in plasma and the radiologically determined tumor
volume [24]. In cases of recurrence, the number of
observed alterations in the mutated genes or in the
signaling pathways associated with them, can increase
up to 3 times then the levels in the primary tumor
[22, 23]. Probably, the increase of genetic variability
of the tumor is due to the effect of post-therapeutic
evolution, in which, under the effects of therapy, there
occurs the selection of subclones having a dysregulated
reparative system responsible for being more prone to
mutagenesis, which, in turn, can explain their resistance
to therapy. This phenomenon can be observed in about
78% of gliomas, representing worse prognosis and the
risk of developing remote recurrences. As it was found
by G. Liu et al. [30], after the conducted therapy and
further tumor recurrence, the tumors show significantly
more aggressive mutational phenotype.

The patients with high-grade gliomas are
characterized by the presence of higher levels of
extracellular tumor DNA [13]. Respectively, higher
levels of extracellular tumor DNA (>15 ng/ml) are
associated with lesser progression-free survival
(p <0.0001, Spearman’s rank correlation coefficient
p=-0.844) and lesser total survival rate of the patients
(the overall survival in patients with low levels of
extracellular tumor DNA is about 2 times higher than
in patients with high levels of extracellular tumor

DNA) [19, 22-24]. However, in some cases such an
interrelation was not observed [29]. The variety of
mutations, apparently, does not correlate with the
progression-free survival [23], but it is closely related to
worse total survival rates (median of overall survival —
15.4 months [95% CI 11.6-19.2] in a group showing
low variability of mutations compared to the values of
8.3 [95% CI 2.3-14.4] in a group with high variability
of mutations) [31]. Despite this fact, the presence of
IDH1 mutations in patients is the positive prognostic
sign (at an average, the patients with mutant IDH have
at least 3 months higher overall survival) [25, 28]. The
PTERT gene mutation is a negative prognostic factor
(median of overall survival — 13.8 months for patients
with mutated pTERT comparing to 37.6 for wild type
PTERT;, p <0.0022), while the patients with EGFR
amplification show 2 times lesser overall survival
comparing to patients not having such alterations [32].
Table 3 shows the results of studying the prognostic
efficiency of fluid biopsy.

Epigenetic alterations of the extracellular

tumor DNA

When evaluating the epigenetic changes, most
commonly by means of real-time PCR and digital
droplet PCR, the alterations of Alu-repeats methylation
are being studied, as well as the alterations of the
MGMT, RASSF1A, pPARP-1, pSHP-1, pDAPK-1,
CDKNZ2A and TIMP-3 gene promoters (see table 2, 3).
M. Gong et al. [33] have used Sanger sequencing for
the evaluation of the methylation of Alu-repeats, as
well as for pMGMT, pRASSF1A and pCDKNZ2A. L. Dai
et al. [34] have studied the methylation of extracellular
tumor DNA from the cerebrospinal fluid using NGS
with further use of the UCSC RefSeq data bases
to determine the differentially methylated genome
areas in glioma patients and in healthy individuals.
These areas were then analyzed to search the most
differentially expressed genes and for compiling
the diagnostic and prognostic models. T. Sabedot
et al. [35] have proposed the use of NGS to investigate
the methylation of extracellular tumor DNA in serums
and glioma tissues. After bisulfite conversion and
performing the sequencing procedures using the
lllumina Human EPIC set for serum and lllumina Human
450K (HM450K) set for tumor tissues, the authors have
isolated 476 genome sites, differentially methylated in
glioma patients and in healthy individuals. Using this
information, a scale was compiled for evaluating the
DNA methylation, which could allow for differentiating
the samples obtained from glioma patients (the scale
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value that is close to 100%) and from healthy individuals
(close to 0%). An increase of the scale value in each
patient means that, in his plasma, extracellular tumor
DNA was found, methylated in a similar manner to
the set of 476 sites used for creating the scale. As
a result of evaluating the data from the test cohort,
after using the machine learning, the threshold
level for the scale intended for the differentiation of
individuals with gliomas and without them, was set as
being equal to 49%.

The methylation of Alu-repeats is significantly lower
in glioblastoma patients (46-47%) comparing to the
control group (approximately 60%) [33], with the mean
level of MGMT, CDKN2A and RASSF1A methylation,
on the contrary, being significantly higher in glioma
patients, than in healthy individuals [33, 36, 37]. The
occurrence rate of p16 hypermethylation varies
among the patient cohorts with gliomas of different
histological types: in 9/20 patients with astrocytomas
and only in 1/20 patients with oligodendrogliomas
(p <0.05) [38]. L. Dai et al. [34] have stated that pFLRT2,
PETV1, pNTRK3 and pC1orf226 are hypomethylated in
tumor cells, while the pNKD1, pGNB5, pCOMMD1 and
pPCHI3L2 are hypermethylated.

T. Sabedot et al. [35] have found a decrease of
the genome methylation scale value after successful
therapy. During the primary diagnostics, the median
scale value among the patients was 78.41%, in cases of
remission or pseudoprogression, the scale value had
decreased below 49%, while in cases of recurrences
it was increasing (for the first recurrence, the median
was 61.1%, for the second — 56.1%). It is also probable
that, during the abovementioned post-therapeutic
tumor evolution, the tumor mass was accumulating cell
subclones, the methylation DNA in which differed from
the initial set of 476 sites, due to which, the scale value
during the recurrence did not return to previous values.
Nevertheless, for all the glioma recurrence patients, the
scale value exceeded 49%, which allowed for clearly
differentiating them from the patients with pseudo-
recurrence. The sensitivity of the test was 100%, the
specificity was 97.78% [35].

The sensitivity of differentiating glioma patients
from the healthy volunteers for the pMGMT, pRASSF1A,
p15INK4B, p14ARF, pPTEN, pCDKN2A methylation
test using the PCR method was 58-75% with the
specificity of 94-100% (see table 2). The diagnostic
model by L. Dai et al. [34] has allowed for differentiating
the patients and healthy volunteers with an AUC 94.4%.

The patients with high methylation levels of Alu,
NKD1, GNB5, COMMD1, CHI3L2 and pMGMT have

90
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greater overall survival than the patients with low
methylation level (the mean survival after setting the
diagnosis is approximately 23 months in patients with
pronounced methylation of Alu comparing to 11 months
in patients with no methylation; p <0.05) [34, 41], at the
same time, high methylation levels of pPARP-1, pSHP-1,
PFLRT2, pETV1, pNTRK3, pClorf226, pP16INK4a,
pTHBS1 and pTIMP-3 for serum extracellular tumor
DNA are associated with lesser survival [25, 34, 37].
Besides, the methylation degree of pPARP-1, pSHP-1
and pTIMP-3 promoters in tumor samples and in
the serum is, to a significant extent, related to the
malignancy grade of glioma (the mean methylation
levels for the stated genes is 0.18-0.30 in patients
with grade | gliomas and up to 0.4-0.6 in patients with
malignancy grade IV gliomas) [25]. In the research
by L. Dai et al. [34], the high level of pNKD1, pGNBS5,
pCOMMD1 and pCHI3L2 methylation is associated
with negative prognosis, and the high level of pFLRT2,
PETV1, pNTRK3 and pClorf226 methylation is
a positive prognostic sign. It is worth noting that, at
the present moment, the test of pMGMT methylation
is already being used for predicting the course of the
disease, though the test substrate is limited to using
only the tumor tissue [3]. The analysis of methylation
for other markers, as of today, is not being widely used
in practice. The results of studying the prognostic
efficiency of fluid biopsy with testing the methylation
of extracellular tumor DNA are summarized in table 3.

EXTRACELLULAR TUMOR RNA

The research works show that both the tumor and
the normal cells release high quantities of RNA into
the environment, with its release taking place not only
from the dying cells, but also by means of secretory
mechanisms, such as exosome-mediated transfer
of signals by live cells. The concentration of the total
extracellular RNA in blood plasma samples from
oncology patients has an average level of 7.9 ng/ml,
which is comparable to the release of this substance
in healthy individuals [42]. At the same time, the
concentration of separate RNA in patients may differ
from those in healthy individuals by a factor of tens
[43, 44]. The analysis of them allows for judging not
only on the presence of a neoplasm, but also on its
characteristics.

The majority of the research works devoted to the
analysis of extracellular tumor RNA, evaluates the
levels of microRNA, among which the most attention
is paid to microRNA-21 and 221 (see table 2, 3). Some
studies evaluate the levels of circular RNA circHIPK3
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and circSMARCAS5, long-chain non-coding RNA —
HOTAIR, SOX21-AS1 and STEAP3-AS1, as well as
levels of expressed matrix RNA [45-47]. MicroRNA-21,
218, 198b and other, as well as long-chain non-coding
RNA HOTAIR, SOX21-AS1 and STEAP3-AS1 are
significantly (100-10000 -fold; p <0.05) increased in
glioblastoma patients comparing to the control group
[43, 44]. MicroRNA-17-5p, 125b, 21, 221 and 222, as
well as circMMP1, were found to be elevated in glioma
patients comparing to the control by a factor of 2-10
(p <0.05) [46, 48], however, the levels of microRNA-128
and 342-3p, as well as the circSMARCA5 and
circHIPK3 circular RNA, on the contrary, were found to
be lower in glioma patients than in healthy individuals,
2-10 -fold (p <0.05) [44, 47]. Based on the results of the
analysis of circulating matrix RNA, glioma patients are
characterized by overexpression of BCL2L1, GZMB,
HLA-A, IRF1, MYD88, TLR2 and TP53 genes, while the
BCL2, CCR2, CXCL9, CXCR3, GBP1, HIF1A and IL23A
genes are insufficiently expressed (with a 2-10 -fold
difference; p <0.05) [45].

The sensitivity of differentiating glioma patients
and healthy individuals using the Real time PCR by the
presence of such RNA as microRNA-10b, 17-5p, 125b
and 221, is 30-96% with the specificity reaching up to
95% (see table 2).

The levels of detectable microRNA-21, 128,
342-3p and some others decrease after resection
or chemotherapy, though increasing during the
recurrences [43, 44, 49], with the elevation of
microRNA-320e levels being associated with higher
progression risk than the tumor volume according to
data from MRI [12].

The levels of detectable microRNA-21, 17-5p,
125b and 221 are higher in glioma patients with
higher malignancy degree and with more aggressive
histological type (2-10 times higher in high malignancy
degree gliomas comparing to low-grade gliomas;
p <0.05), while the levels of microRNA-128 and
342-3p decrease 2-3 -fold with higher tumor grade
(see table 3) [44, 48]. High expression levels of
microRNA-17-5p, 125b etc., as well as of the HOTAIR
and STEAP3-AS1 long-chain non-coding RNA
is associated with worse total survival rate and
progression-free survival [48, 50], while the high
expression of microRNA-1-3p, 26a-1-3p, 487b-3p and
342-3p is a positive prognostic factor [44, 51, 52]. The
plasma levels of microRNA-1-3p, 26a-1-3p and 487b-3p
are decreased in patients with wild type IDH, which is
associated with lower survival among these patients
(odds ratio, OR, 0.24; 95% CI 0.12-0.47; p <0.05) [51].

DISCUSSION

The capability of fluid biopsy to qualitatively and
quantitatively determine the levels of markers in various
biological fluids allows for not only diagnosing the
presence of glioma, but also for differentiating the true
tumor recurrence from the pseudorecurrence. Besides,
fluid biopsy demonstrates the capability to define
the malignancy degree of the tumor and to predict
the survival of the patients after conducted therapy
(see table 3). The optimal markers for this instrument
are the extracellular tumor nucleic acids, such as
DNA and RNA, with the most significant genetic and
epigenetic alterations, such as mutations in genes
TERT, TP53, H3F3A, IDH1, CDKN2A/B etc., aberrant
methylation patterns of MGMT, RASSF1A, pPARP-1,
pSHP-1, pDAPK-1, CDKN2A and TIMP-3, as well as
microRNA-21 and microRNA-221, detectable in the
cerebrospinal fluid using digital droplet PCR. With the
introduction of NGS into wide clinical practice, most
probably, spreading of the analysis of large gene panels
could be observed, capable of precisely diagnosing
oncological diseases when testing the serum samples.
However, this list will probably be expanded during
further studies of fluid biopsy.

The highest diagnostic potential in the diagnostics
of gliomas, probably, belongs to testing the
cerebrospinal fluid for markers using NGS and digital
droplet PCR, which are characterized by high (up to
90-100%) sensitivity and specificity [12, 21, 26, 34]. On
the other hand, testing the serum for markers using the
abovementioned methods or testing the cerebrospinal
fluid with using Real time PCR shows significantly lesser
values (up to 50-75% and up to 90%, respectively)
[22, 27, 39]. To a great extent, this is due to the ability
of the blood-brain barrier to hamper the penetration of
marker substances into blood from the cerebrospinal
fluid and to prevent its detection in serum [40].
Probably, for the reason that the extracellular tumor
RNA has lesser size, its capabilities of passing through
the blood-brain barrier is significantly higher comparing
to the extracellular tumor DNA. Thus, detecting the
given marker in serum using Real time PCR shows the
sensitivity and specificity of up to 90-100%, unlike the
testing for extracellular tumor DNA [44, 48]. Besides, low
sensitivity and specificity of detection can be resulting
from the features of the testing methods themselves.
As it is known, Real time PCR has a lower resistance to
PCR inhibitors comparing to digital droplet PCR, along
with the limitations when operating in the range of
low concentrations of nucleic acids (characteristic for
plasma extracellular tumor DNA of gliomas), which can
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negatively affect the testing results [53]. NGS allows for
simultaneously testing multiple genomic loci, detecting
the exact sequence alterations, which may determine
its higher sensitivity and specificity [54]. Thus, for
example, in the research by T. Sabedot et al. [35],
testing the extracellular tumor DNA for methylation in
serum samples using NGS had a sensitivity of 100%
with a 97.78% specificity, which is significantly higher
comparing to Real time PCR in similar settings.

Thus, fluid biopsy shows a significant diagnostic and
prognostic potential. Despite this, it is characterized
by a number of limitations (one of the main being the
absence of validated approaches to testing the marker
substances), preventing its routine application. For
example, in the majority of the research works, DNA
isolation is performed out of 1-4 ml of the substrate,
while the RNA — from 100-400 i (see table 2, 3), with
the reagent kits used by the authors, which allow for
processing up to 5 ml and 900 pl of biological fluids,
respectively, without losing the extraction efficiency
[65, 56]. As a result, there is a potential loss of
20-90% of nucleic acids present, which may negatively
affect the test outcome. Moreover, in most part of the
research works, the volume of the test material is not
disclosed, which hampers even more the evaluation
of the efficiency of the proposed approach to fluid
biopsy. This problem can be solved by arranging the
large scale multicenter research, which could allow for
univocal defining the set of markers and the approach
to testing them, which could be optimal for routine
clinical application of fluid biopsy. Besides, the analysis
of the epigenetic regulation of gliomas is encumbered
by using bisulfite conversion, which may lead to the
degradation of 50-90% of nucleic acids, resulting in
a decrease in the sensitivity of this method. Apparently,
the most part of the fragments after the conversion
represent up to 80-90 base pairs, which sometimes
affects the capabilities of analyzing them [57]. Probably,
in order to detect the genome methylation aberrations,
it could be practical to use methylation-sensitive
restrictases, which, to a lesser degree, may result in
the non-specific degradation of DNA [58]. However, the
limitation of this approach is that, by no means all the
perspective DNA foci, intended for testing and showing
an altered methylation pattern, carry the restriction
sites matching the currently available enzymes [59].

The promising methods of DNA methylation analysis
include also the enzymatic conversion. This procedure,
just like the bisulfite conversion, transforms the non-
methylated cytosine into uracil, however, not resulting
in massive degradation of the genetic material, which

REVIEW

increases the test sensitivity and makes it possible to
analyze also the damaged DNA, for example, obtained
from the paraffin-embedded sample slices. The benefits
of enzymatic conversion can also include the capability
of operating with low levels of DNA content (ranging
from 100 pg), which is oftentimes observed in liquid
biopsy substrates. Due to its novelty, this technology
has still not gained wide spreading, however, in future,
probably, more and more research groups shall prefer
this method, rather than bisulfite conversion [60].

CONCLUSION

The present review has estimated the role of fluid
biopsy with sampling plasma and cerebrospinal fluid
containing extracellular tumor nucleic acids in glioma
patients. This promising method has demonstrated its
efficiency in the diagnostics and predicting the course of
this disease, however, it requires further development.
Upon its implementation in clinical practice, the medical
community may gain access to wide possibilities in the
diagnostics, treatment efficiency control and therapy
selection in cases of oncological diseases.
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KERATOCONUS: CURRENT DIAGNOSTIC APPROACH

L.S. Pateyuk
M.M. Krasnov Research Institute of Eye Diseases, Moscow, Russia

ABSTRACT

Keratoconus is an ectatic corneal disease, resulting in loss of visual functions in young population.
Diagnosis of the disease at a moderate stage with a typical progressive clinical course is not particularly
difficult; however, the diagnosis verification in a few cases is rather troublesome. This literature review
systematizes modern conceptions to the keratoconus diagnosis, outlines current approaches to patients
examining and diagnostics results assessing. The clinical manifestations (complaints, anamnesis
data, visometry and autorefractokeratometry results) at the early stages of keratoconus with its non-
progressive course are similar to ordinary myopia and regular myopic astigmatism; as a result, it is
quite difficult to suspect the disease in such cases. With progressive keratoconus course, as corneal
protrusion develops, the disease acquires features specific for gradual irregular corneal myopic
astigmatism growth. Currently valuable pathognomonic slit-lamp signs of keratoconus are Fleischer’s
ring, stromal Vogt’s striae and focal thinning of the cornea in the ectasia apex. Nowadays the gold
standard of keratoconus diagnosis and screening is comprehensive examination of the cornea by means
of modern computer optical scanning (Scheimpflug camera in particular) keratoanalyzers, combining
keratoscopy (Placido’s disc) and keratotomography. The keratoanalyzers original software generates
maps and calculates irregularity indices of the cornea shape (keratotopography), refractive power
(keratometry) and thickness (keratopachimetry), as well as values the probability and stage of corneal
protrusion. Such diagnostic platforms provide differential diagnosis and verification of keratoconus at
the earliest signs of the topographic stage of the disease; to date, there are no effective methods, that
can reliably confirm or exclude ultrastructural changes at the pretopographic stage of keratoconus.

Keywords: Fleischer ring; corneal topography; slit lamp examination; classification; subclinical

keratoconus.
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INTRODUCTION

Keratoconus is a non-inflammatory ectatic disease
of the cornea, having a degenerative-dystrophic origin
and being associated with destructive changes in the
corneal tissues. The disease manifests as progressive
thinning and bulging (protrusion, ectasia) of the central
part of the cornea, as a result of which, it gains a cone
shape, which clinically manifests as a progressive
irregular corneal myopic astigmatism with a decrease in
the maximal (best) corrected (with using the corrective
lenses) vision acuity (BCVA). The keratoconus is
commonly believed as being a bilateral disease, due to
which, in cases of detecting the signs of keratoconus
in one eye, the other eye (in the absence of visible
pathological changes in it) is considered a subclinical
form (stage) of keratoectasia [1-5].

The diagnostics of keratoconus in its progressed
stage and with typical clinical signs is not very difficult
in the practice of an ophthalmologist. However, at the
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initial stages of the disease and in case of its non-
progressive course, the process of verifying the
diagnosis can be quite difficult. During the several
decades of active research on the methods for
diagnostics, treatment and correction of keratoconus,
the terminology and the classification of this disease
have undergone a number of significant evolutionary
changes, while the criteria for managing the patients
have been multiple times revised depending on
the clinical tasks and the possibilities of practical
medicine.

DIAGNOSTICS OF KERATOCONUS

The diagnostics of keratoconus is based on the
disease history data, on the presence of some specific
complaints, on detecting certain biomicroscopic
symptoms and on the results of the visualization
methods used to define the shape of the cornea
(keratotopography), its refractive power (keratometry)

The article can be used
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Jvuensuns CC BY-NC-ND 4
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HAYYHbIH OB30P

COBPEMEHHDIE NOoAXoAbl K AMATHOCTUKE KEPATOKOHYCA

J1.C. NMatetok
Hay4Ho-uccnepnosaTenbCkuii MUHCTUTYT rasHbix 6onesHel nmeHn M.M. KpacHoBsa, Mocksa, Poccus

AHHOTALMUA

KepaTokoHyc — aKTatndeckoe 3abosieBaHnNe porosulbl, HabsrogaemMoe y vy MOJIogoro v Tpy[ocro-
COBHOIro Bo3pacTa, NMpUBOASLLEE K yTpaTte 3pUTesbHbIX yHKUMIA. [uarHocTnka aToro 3abosieBaHns Ha
pasBUTON cTaauu v fpu TUMUHYHOM MPOrPeCcCUpPYoLLEM KIVMHUHECKOM TEeYEeHUU He rnpeacTaBaseT 0Cco-
ObIX 3aTpyaHEHWI, OOHaKO B psiAe CrydYaeB BepubuKaLus auarHo3a COnpsiXXeHa ¢ HEKOTOPbIMU CII0X-
HocTsmu. B 0630pe cuctemaTn3npoBaHbl COBPEMEHHbIE NPEACTaB/eHUSI O AUMarHOCTUKE KEPATOKOHYCa,
roce[0BaTesIbHO U3JI0XKEHbBI aKTyaslbHble NOAX0Abl K 00CAE40BaHNI0 MNayneHTOB N MHTeprpeTaymy pe-
3y/IbTaToB UCCAe[0BaHns. KnvHn4yeckas kapTyHa (xasio0bl, aHHbIe aHaMHe3a, pe3ysibTaTbl BUSOMETPUN
M aBTopepPaKToOKepaToMETPUMN) Ha Ha4vallbHbIX dTanax pasBUTUsI KEPATOKOHyca U Mpu He rporpeccu-
PYOLEM €ro TeHeHU UAEHTUYHa OPANHAPHOW MUOMUA YN PErysiPHOMY MUOMNYECKOMY acTurMaTusmy,
BCAEACTBUE Hero 3anofo3puTb Hanydne 3abosieBaHusi JOCTaTO4YHO COXHO. [lpu nporpeccupyroLem
KepaToKOHyCce M0 Mepe Pa3BUTUS KepaTaKTasuu KIMHNYECKas KapTuHa rnpuobpeTaeT crieynpudeckme
4515 aToro 3abosieBaHnsi OCOOEHHOCTH, MPEeACTaBasoWme cobom, No CyTH, NMPOrPERNEHTHbIE MPOSB-
JIEHVISI UPPETYSIPHOrO POrOBUYHOrO MUOMUYECKOro acturmMatnama. K akTyasabHbIM naTtorHOMOHUYHBIM
OUOMUKPOCKOMNYECKUM CUMIITOMaM KePaTOKOHYyCca MOXHO OTHECTU MUIrMEHTHOEe KOJbLo ®reliiepa,
CTpOMaJibHble CTpun-rnoaocsl dorra n pokasrbHOEe UCTOHYEHME POroBuLbl B 06/1aCT BEPLUNHBI KTa-
3un. 30/10TbiIM CTaHAAPTOM ANArHOCTUKN U CKPUHWHIa KEPATOKOHYCa B HAaCTOSLEE BPEMST CYATAETCS
KOMI/IEKCHOE UCCIe[0BaHmne poroBuLbl Mpuv MOMOLYM COBPEMEHHbIX KOMIMbLIOTEPHbLIX ONMTUYECKUX Kepa-
TOaHaM3aTopOB CKaHWPYIOLLIEro Tuna (B TOM YucC/ie Tuna potaumoHHou LLlanmrghiror-kamepsl), cove-
Taromx B cebe Kepatockonmio (guck lNnacmngo) n keparotomorpaguio. OpurHaabHOe rnporpaMmMHOe
obecriedyeHne KeparoaHam3aTopoB MOAE/MPYET KapTbl M PacCYUTLIBAET WMHOEKChI MPPEryaspHOCTH
popmbl (kepaToTonorpaghus), NPeoOMASIIOLLEN CU/bl (KepaToOMETPUS) 1 TOLWMHBI (KepaTonaxumeTpus)
pOroBuLibl, a Tak>XXe OLE€HNBAET BEPOSITHOCTb U CTaaMuI0 KepaTaKTasun. Takue guarHOCTUYeCKue rniart-
opMbI MO3BOJIAIOT MPOBOAUTE AN epeHLnabHyr AnarHOCTUKY Y BEPUGULNPOBATE KEPATOKOHYC rpu
caMbIX paHHUX MPOSIBIEHNSIX KepaToTornorpaguieckor crtaguy 3abonesaHus, rnpu 3ToM 3(GEKTUBHbBIX
MEeTOAMK, MO3BOJISAIOLUMX JOCTOBEPHO MO[TBEPANTE VN UCKITIOYUTL YILTPACTPYKTYPHbIE N3MEHEHUS Ha
rpexkepaToTornorpaphuHecKor CTagumn KepaTokoHyca, Ha CerogHsLLIHWE ieHb He CyLLeCTBYET.

KnroueBbie cnoBa: KosibLo dneliliepa; KepaToTornorpagus; GMOMUKPOCKONUS; Knaccugukauus; cy6-
KJIMHUHECKNI KePaTOKOHYC.

Ans yntnpoBaHus:
Matetok J1.C. CoBpeMeHHbIE NOAXOAbI K ANArHOCTUKE KEPATOKOHYCa. K/IMHUYeCcKas rnpakTvka.
2024;15(3):96-108. doi: https://doi.org/10.17816/clinpract632902
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and thickness (keratopachymetry). At the initial

the rate of detecting keratoconus in the population of

stages of keratoconus, one cannot always suspect
the development of keratoectasia. As the disease
progresses, more and more clear manifestations of
specific symptoms and complaints, characteristic
for keratoconus, can be observed. In case of non-
progressive keratoconus, the patients can spend a long
time under medical supervision by ophthalmologists
with the diagnosis of myopia or myopic astigmatism.
Due to wide spreading of modern high-tech computed
corneal analyzers and of the keratorefractive surgical
interventions performed for the purpose of correcting
the ametropies, a considerable growth is observed in

relatively healthy individuals.

The keratoconus patients can present with both
non-specific and sufficiently specific complaints, in
particular, complaints of progressive decreased vision
acuity, often changing spectacles or contact lenses
used for vision correction, difficulties when adjusting the
optical correction (or impossibility of such adjustment),
as well as unclear, blurred or clouded vision; complaints
of visual deterioration (decreased clarity, presence
of halo, glares, optic radiation, backlights and other
optical light effects) in the twilight settings (with the
pupil being dilated at twilight); complaints of variability
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in the visometry results from one examination to

another; monocular polyopia (diplopia, multi-image);

photophobia; irritation of eyes expressed as dry eye

symptoms or asthenopic signs [1, 3-10].

At the initial stages of keratoconus development,
the complaints in the patients are, generally, identical
to the ones in patients with myopia or regular myopic
astigmatism, due to which suspecting the development
of keratoconus is quite difficult.

When collecting the disease history data, attention
should be paid to such characteristic features of the
disease progression as the development of an acquired
corneal myopic astigmatism or index myopia (due
to progressive increase of the curvature and of the
refractive capacity of the cornea) at the adult age (at the
postpubertal period); progressing increase of the corneal
myopic astigmatism or index myopia [1, 3-10].

The visometry results in patients with initial stages
of keratoconus development are generally identical to
those found in cases of ordinary refraction anomalies,
such as myopia or regular myopic astigmatism. As
the keratoconus progresses and as irregular corneal
myopic astigmatism develops along with clinically
significant corneal deformation, the following
characteristic features appear:

e decreased BCVA when using spectacle lenses
testing (incapability of achieving the retinal vision
acuity);

® increased visometry results (BCVA elevates up to
achieving the retinal vision acuity) in the settings of
diaphragmation;

® increased visometry results (BCVA elevates up to
achieving the retinal vision acuity) when using the
testing with hard gas-permeable contact lens;

® “fluctuating” (from one examination to another,
during the same ophthalmologist’s appointment or
when adjusting the spectacles) degree and axis of
corneal astigmatism;

® the patient is trying to find a comfortable position
for the head and eyes when viewing the optotypes
[1, 3-10].

The refractometry results, as the disease progresses,
become more typical for keratoconus with unstable
refraction (after several consecutive measurements, or
from one examination to another) and abnormally high
astigmatism degree [1, 3-10].

The keratometry (ophthalmometry) parameters
at the beginning of keratoconus development do not
exceed the mean statistical reference ranges. As the
disease progresses, the corneal curvature gradually
increases: the curvature radius of the cornea and

REVIEW

the keratometry parameters exceed the normal

reference ranges. During the course of keratometry in

keratoconus patients, the following characteristic signs
of the disease can be noted:

® irregular (incorrect) corneal astigmatism;

e dislocation (dislocation and deformation) of marker
reflexes (distortion-curving of the mires or asymmetry
in four mutually perpendicular points); Fig. 1;

® abnormally high degree of refractive power of the
cornea or corneal astigmatism [1,3-10].
Biomicroophthalmoscopy allows for visualizing

the specific signs of keratoconus, generally, in cases
of advanced stages of the disease. Biomicroscopic
symptoms of keratoconus can be found when
examining under various angles with various light
intensity: when using direct focal illumination, indirect
ilumination (in the dark field) and reflected light, as well
as when optical section illumination is used. In patients
with initial stages of keratoconus, the examination
with using the slit-lamp commonly does not allow for
verifying the diagnosis. The specific biomicroscopic
markers of keratoconus are the following:

® pigment ring (Fleischer’s) — a sub-epithelial deposit
of pigmented compound of chalcophylic metals
(copper, zinc and iron), situated at the base of the
ectasia, visualized as a closed ring or (more often)
an arch (semicircle) in the lower segment of the
cornea (Fig. 2, a);

e stromal striae (Vogt’s) — the apical vertical stripes
in the corneal stroma, developing due to the over-
extension of stroma (see Fig. 2, b), most probably,
represent cracks and folds in the posterior stroma of
cornea and the folds of the Descemet’s membrane
in the apical area of the protrusion; they disappear
upon compression applied to the cornea;

® “fading star” symptom, or “fireworks” — rarefaction
of corneal stroma at the zone of the developing
ectasia, visualized as the inhomogeneity in the
cornea or grayish opalescence (see Fig. 2, ¢);
arising from the impairment of the collagen plate
architectonics in the anterior corneal stroma;

¢ focal thinning of the cornea at the apex of ectasia
(apical protrusion) at the central or paracentral zone
of the cornea;

® prominent lenticular stromal nerves of the cornea
(see Fig. 2, d);

® turbidity and scars in the cornea at the apex of
the protrusion, located at the level of the corneal
epithelium, sub-epithelially and in the corneal
stroma; arising as a result of swelling and fibrotic
processes (cicatrization) in the corneal tissues due
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Fig. 1. Cornea anterior surface reflexes in keratoconus: a — autorefractokeratometry four dot marks displacement (red
arrows indicate spot light reflexes shift adjacent to ectasia apex); b — Placido disk mires-rings distortion (red arrows
indicate concentric light reflexes convergence adjacent to ectasia apex).

to rough abnormalities in the architectonics of the e

over-extended stroma, “cracks” (ruptures) in the
Descemet’s membrane (with stromal swelling and
corneal hydrops) and as a results of using the hard
gas-permeable contact lens [1, 3-12].

Among the specific symptoms of keratoconus

Rizzuti symptom — when illuminating with focused
light in the frontal plane of the eyeball from the temporal
side, a light reflex can be observed in the sclera from
the nasal side as a result of pathological deflection
of light towards the base of the cornea as a prism
caused by impaired optical properties of the cornea;

that have practically lost their clinical-diagnostic ®

significance due to the high level of ophthalmology

equipment development, the following are worth noting:

® Munson symptom — V-shaped profile of the lower
eyelid margin when the patient is looking downwards;

“scissor” symptom upon sciascopy, or “shadow
whirling”, or “folding shadow” a specific
counter motion of the reflected stripes — reflexes
and shadows, resulting from the development
of an irregular astigmatism;
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Fig. 2. Slit-lamp imaging of keratoconic cornea (red arrows
point keratoconus signs): a — Fleischer ring; b — Vogt’s
striae; ¢ — fading star or firework symptom; d — stromal
nerves.

e “oil drop” symptom, or “oil drop/petroleum drop”,
or Charleaux’s symptom, — revealing (upon using
direct light) a contour (the base of the cone-shaped
deformity — the protrusions) showing a yellowish-
orange tint with a background of a red fundal reflex
[1, 3-12].

As of today, the gold standard for the diagnostics of
keratoconus is the combined examination of the cornea
using modern computed keratoanalyzers — diagnostic
platforms that allow for visualizing the structure and
evaluating the functions of the cornea. The combined
computed examination includes keratoscopy and

100
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keratotomography with using the original software,
which (based on the obtained data) models the shape
charts/maps (keratotopography/leveling maps), the
refractive power (keratometry maps) and the thickness
(keratopachymetry maps) of the cornea, also calculating
(in an automatic mode) the shape irregularity indexes,
the refractive power (curvature) and the thickness of
the cornea along with the probability of keratoectasia
presence and the stage of the keratoconus. As
a result, a single diagnostic platform (computed optical
analyzer of the anterior segment of the eye) allows
for performing a complex examination of the cornea,
generally, combining such diagnostic methods, as
keratoscopy, keratotomography, keratotopography,
keratometry and keratopachymetry [1-5, 12-18].
Keratoscopy (videokeratoscopy, photokeratoscopy,
keratography) is a method used for examining the
anterior surface of the cornea, based on the evaluation
and the analysis of corneal ability to reflect (as a reflex)
the so-called Placido keratometry disc — a pattern of
concentric alternating black and white mire rings of
the same width. The basis of the method is the effect
of reflecting the rings from the corneal surface: at the
high curvature areas (central optical zone), the rings
become thinner and closer, while at the area of lesser
curvature (periphery of the cornea) the rings expand. In
case of keratoconus, the method allows for visualizing
the distortion (changes in the shape and width) of the
rings — its dislocation, deformation and curving of its
contours. In the area of the cornea steeping (the apex
of the protrusion), the rings become thinner with their
contours converging, the rings group and concentrate
downward. At the area of the corneal flattening, the
rings expand and rarefy (see Fig. 1, b) [1-5, 12-18].
Keratotomography is an optical scanning of the
cornea (including the use of the rotational Scheimpflug-
camera), based on the results of which, the software
built into the computed keratoanalyzer -creates
a series of optical slices of the cornea. Further digital
analysis of the data obtained during keratoscopy and
keratotomography is performed by means of analytical
software integrated into the equipment for plotting
the visualization charts, exercising the following
examinations functions:
® keratotopography (elevation/keratotopography maps
of the shapes of the anterior and posterior surfaces
of the cornea);
e keratometry (curvature /refractive power maps of
the anterior and posterior surfaces of the cornea);
® keratopachymetry (corneal thickness maps) [1-5,
12-18].
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In case of keratoconus, the keratotopography
(elevation) maps allow for visualizing the forward
prominence of the anterior and/or posterior surface
of the cornea (protrusion, ectasia) as an area of local
elevation (prominence, bulging) of the cornea in relation
to the “ideal” sphere (elliptical), directed generally
downwards and outwards (temporally) from the optical
center (Fig. 3) [1-5, 12-18].

In case of keratoconus, the keratometry maps
(corneal refractive power and curvature maps) show
typical patterns (Fig. 4) expressed as local steeping
area in the cornea (round-shaped pattern, oval-shaped
pattern or symmetrical bowtie pattern), directed
generally downward and outward (temporally) from
the optical center, also expressed as an asymmetrical
astigmatism with downward steeping (asymmetrical
bowtie or curved bowtie with rounded axes) [1-5, 12-18].

When examining the keratoconus cases using
the keratopachymetry maps (corneal thickness
maps), the minimum corneal thickness can be
defined for keratoconus with the dislocation of the
thinnest point of the cornea, generally, downward
and outward (temporally) from the optical center
(Fig. 5) [1-5, 12-18].

Additionally, the tomography-assisted evaluation
of the corneal epithelium allows for visualizing its
local thinning at the area of the cone apex and its
thickening in the area of the cone base, as a result
of which, the corneal epithelium thickness profile
gains a ring-shaped (doughnut) pattern. Such an
effect in case of keratoectasia develops due to the
ability of the corneal epithelium to compensate the
irregularity of the anterior corneal surface in cases of
its deformation [1-4, 6, 12, 19, 20].

El

Fig. 3. Cornea anterior surface elevation maps in keratoconus: the local elevation of the cornea anterior surface relatively
to the «best-fit sphere» is indicated in yellow with the numerical value (microns) of the protrusion level.
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Fig. 4. Cornea anterior surface keratometry maps in keratoconus. The numerical values of the cornea refractive power
(diopters) at each point of the map are indicated. Typical keratoconus patterns: a, b — asymmetric «bow-tie» with inferior
steepening; ¢ — «bow-tie» with screwed axes; d-f — local inferior steepening; g — «baby bow-tie»; h — «crab claw»,
or «kissing birds».
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Fig. 5. Cornea pachymetry maps in keratoconus: a—c — inferiorly displaced thinnest point; ¢, d — significant decrease

in minimal cornea thickness.

Optical coherent tomography of the anterior
segment of the eyeball (cornea) allows for evaluating
the transparency (absorbance) of the cornea
(densitometry), visualizing the corneal layers
(keratotomography), measuring the cornea thickness
(keratopachymetry) and analyzing the shape of
its surface (keratotopography). Optical coherent
tomography devices can have the same functions and
analytical options as the ones employed in computed
optical keratoanalyzers, the fundamental differences
include only the technical features of the hardware
[1-4, 12, 21].

The necessity for precise verification of
keratoconus at the earliest stages of its development
is gaining special topicality in ophthalmology practice
when drawing up a conclusion on the possibility of
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performing the surgical (laser) correction of refraction
abnormalities. When performing such an examination,
special attention should be paid to examining the
cornea by using the slit-lamp in order to reveal
the specific biomicroscopic signs of keratoconus
(for example, Fleischer’s ring — even in the absence
of keratotopography manifestations). With the aid of
modern computed keratoanalyzers, the screening
procedures are carried out among the patients that are
considered candidates to undergo excimer-laser vision
correction, in order to reveal the most initial changes
of the shape and the most minimal abnormalities in the
curvature of the anterior and posterior surface of the
cornea. For the same reason, the research scientists
have made attempts to reveal signs of degenerative-
dystrophic processes in the corneal tissues at
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the stage of keratoconus-related ultrastructural
changes (before the development of significant
keratotopography signs of keratoectasia) by means of
using several additional special diagnostic methods:
the analysis of biomechanical properties of the cornea,
the corneal confocal microscopy, the corneal specular
microscopy of the cornea, the ultrasound examination
of corneal epithelium thickness profile, the aberrometry
of the eyeball optical system, etc. However, in the
absence of keratotopography manifestations of the
keratoconus, the abovementioned specific methods
used for additional examination have no fundamental
independent value in the diagnostics of this disease.
They are not sufficiently sensitive and specific, due to
which they have not gained any wide spreading in the
clinical ophthalmology practice [13, 16-32].

CLASSIFICATION OF KERATOCONUS

The results of conducted diagnostic research
allow for not only verifying the diagnosis, but also
detailing the type and the stage of the disease. The
first classifications of keratoconus in the absence of
high-tech methods for evaluating the corneal status
were based predominantly on the clinical signs of
the disease. The staging of the pathological process
was carried out with taking into consideration the
vision acuity, the biomicroscopic findings and the
refractive power of the cornea according to data
from basic keratometry. As of today, a number of
authorial clinical classifications for keratoconus have
been proposed, allowing for staging the pathological
process depending on a number of criteria and
application objective: classifications developed by
M. Amsler (1951/1961, translated by T.D. Abugova in
1998), by Z.D. Titarenko (1982), by Yu.B. Slonimskiy
(1992), by J.H. Krumeich (1998), by M. Amsler and
J.H. Krumeich (1998), by M. Hom and A.S. Bruce (2006),
by T.D. Abugova (2010), by the Global Keratoconus
Foundation (2014), by M.M. Belin “ABCD” (2020) etc.
Modern classifications are based predominantly
on the results of the computed (keratotopography)
keratometry and keratopachymetry with subdividing
the keratoconus into four gradual stages in accordance
with the severity degree of the pathological process
(with some terminological differences): | — initial stage
(early, mild); Il — progressed (medium, moderate);
[l — advanced (severe, advanced); IV — terminal
(severe) [7, 12, 33-35].

It is worth noting that in practice it is often not
possible to determine the keratoconus stage discretely,
for even within a single classification, according to
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the criteria proposed, the clinical signs of the disease
math for the adjacent stages (for example, I-Il or
[I-11). Currently, in clinical work, a possibility came up
of using the classifications based on the data from
computed optical keratoanalyzers: the staging of
keratoconus is being performed automatically with
using the diagnostic platform software based on the
indexes of irregularity in the shape, the curvature and
the thickness of the cornea.

Oftentimes, the categorization by the keratoconus
stages in the patients is lacking applied significance
for the reason of the presence of individual features
of the clinical signs in each individual patient and
due to subjective manifestations, due to a variety
of treatment and correction options in the clinical
centers along with the development of personalized
approaches in medicine. For the purpose of defining
the tactics to be used when managing the patient,
the fundamental value belongs to the clinical course
of the disease: progressive keratoconus or stable one
(non-progressive). The criteria, defining the extent of
therapeutic procedures, are the status of the cornea
(thickness, curvature and transparency) and the shape
of the protrusion. In accordance with shape defined for
the keratoconus-related ectasia, it can be classified
as nipple-shaped (or local, having a diameter of up
to 5 mm), oval-shaped (5-6 mm in diameter) and
round-shaped (ball-shaped, having a diameter of
more than 6 mm). In terms of the base area (spreading
of ectasia), the keratoconus can be classified as
dome-shaped (vast, extended, with broad spreading
base) or bell-shaped (local, with a localized base).
Taking into account the location of the protrusion apex,
the keratoconus can be classified into the lower, the
upper and the central ones [1-4, 12].

As for the clinical manifestations, the keratoconus
can be clinically manifesting, or clinically expressed
(manifesting form, manifesting keratoconus) or
subclinical [1-4, 12]. Regarding the term “subclinical
keratoconus”, the medical community shows some
degree of uncertainty. In general, the literature
contains a number of terms, semantically proposing
the presence of keratoectasia cases with non-typical
symptoms or challenging in terms of verifying the
diagnosis (the cases of keratoconus, when the
disease has no typical clinical manifestations). The
first variant is lacking clear manifesting clinical signs
of keratoconus: the ametropy does not progress,
the visual functions remain stable for many years,
while the parameters of the corneal astigmatism,
definable upon using the routine methods of standard
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ophthalmology examination (autorefractokeratometry
and visometry with maximal spectacle correction), show
no clear signs of irregularity. Oftentimes such patients
are being specifically managed by ophthalmologists
with the diagnosis of “myopic astigmatism”; due to the
fact that the suspected keratoconus in such situations
does not develop, the keratotopography examinations
are not performed in such patients. The second variant
includes the keratoconus at the earliest stages of the
disease development, when it is difficult to suspect
and verify the diagnosis: the specific biomicroscopic
signs are not always visualized and not always one can
find the characteristic keratotopography signs, while
the ultra- and microstructural degenerative-dystrophic
changes in the corneal tissues cannot to be found using
accessible methods and they are not to be considered
as the principal specific and pathognomonic signs
of keratoconus. In such cases (most commonly),
the patients with no definitive diagnosis or with the
diagnosis of “suspected keratoconus” shall be left under
follow-up for monitoring purposes and for the evaluation
of dynamic changes in the pathological process. For
the designation of both variants, the scientific literature
and clinical practice employ a number of terms and
definitions: “subclinical keratoconus”, “pre-clinical”,

“latent”, “delayed”, “non-manifesting”, “initial”, “early”,

“topographic”, “abortive”, “hibernating”, “subtle”,

“aborted”, “unfulfilled”, “uncompleted”, “forme fruste”,

“suspected keratoconus”, but in various contexts and

with various semantic meanings [14, 31].

Taking into consideration the advances in
diagnostic equipment and practically ubiquitous use of
computed corneal analyzers, as of today, it is possible
to accentuate two keratoconus stages according to
keratotopography findings:

e pre-(kerato)topography stage (the stage of
ultrastructural changes, while the keratotopography
manifestations are still absent);

® keratotopography stage (the stage of ectatic changes,
keratotopographically manifesting stage) [31].

DIFFERENTIAL DIAGNOSTICS

Currently, the term “keratoconus” is used to define
the initial, or true keratoconus as an independent
idiopathic disease of the cornea, as a type of primary
keratoectasia. Regarding the secondary corneal
protrusion (post-traumatic, post-inflammatory or post-
surgical/post-operative or iatrogenic), it is more correct
to use the term “secondary keratoectasia” [1-4, 33-39].

Upon examining the keratoconus patients, the
differential diagnostic shall be carried out keeping in
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mind both the primary (idiopathic) and the secondary
keratoectasias (developing due to the traumatic lesions
in the cornea, due to past episodes of inflammatory
diseases, surgical interventions or some independent
types of corneal dystrophias). The primary ones include
the pellucid marginal degeneration (transparent marginal
dystrophy), the keratoglobus and the congenital
posterior keratoconus; the secondary ones include
the post-surgical (post-keratorefractive, iatrogenic)
keratoectasia (secondary keratoconus); the Terrien’s
marginal degeneration; the Mooren’s ulcer and other
independent (including the idiopathic, autoimmune,
rheumatoid and allergic) marginal impairments of the
cornea; the senile furrow degeneration; the deformation
of the cornea due to long-term wearing contact lenses
[1, 3, 4 12, 40-43]. Besides, the differential diagnostics
requires the clarification of such terms as «acute
keratoconus» and «posterior keratoconus».

Acute keratoconus, or corneal hydrops (hydropsy) —
is a status associated with stromal edema, acutely
developing as a result of a rupture in the Descemet’s
membrane; it can occur both as an emergency
acute complication of the keratoconus at its terminal
stage or as an independent disease due to other
causes [1, 3, 4, 17, 44].

Posterior keratoconus is a term that can be used
both in terms of the independent congenital corneal
status (with multiple concomitant development
abnormalities of the eyeball and of the organism in
general) and in terms of the clinical cases, in which
signs of keratoectasia are observed only in the posterior
surface of the cornea (generally, based on the results of
combined examination of the cornea using computed
optical keratoanalyzers) [1, 3, 4, 12].

CONCLUSION

Currently, the gold standard in the diagnostics of
keratoconus is a combined examination of the cornea
using modern computed optical keratoanalyzers, the
role of which has significantly increased due to the
necessity for timely and maximally early verification
of this disease, which is caused by wider spreading
of keratorefractive surgeries. Besides, the maximally
early diagnostics of keratoconus at the initial stages of
its development allows for arranging timely treatment,
directed to ceasing the keratoectasia progression, to
the stabilization of the pathological process and to
preserving the visual functions among young patients
of employable age at a sufficiently high level. The
wide use of computed optical keratoanalyzers in
clinical practice has resulted in a growth in the rates of
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detecting the keratoconus at its early stages, as well as
the case of keratoconus with no signs of progression —
the subclinical forms of keratoectasia. Nevertheless,
it should be kept in mind that the routinely employed
ophthalmology methods allow for (in a number of
cases) clearly verifying the keratoconus, including
its earliest stages, preceding the keratotopography
manifestations.
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ABSTRACT

Deep vein thrombosis and pulmonary artery thromboembolism are the most commonly occurring
cardio-vascular complications of oncological diseases, which may develop at any stage of the
oncological process. These life-threatening complications take the leading positions within the
structure of mortality among cancer patients, giving place only to the oncology disease itself. It is
important to note that the patients with cancer-associated thromboses are the most difficult group
of patients, in which the development of thromboses and thromboembolisms may not only delay the
vitally important treatment of the main disease, but also to completely cease the treatment due to
the lack of possibility for its adequate performing. This is an important social and economic task,
taking into consideration the costs for the healthcare system required to treat the disease itself and its
concomitant complications. Thus, there is a criticality factor of not only the treatment itself, but also
of the prevention of oncology-associated thromboses and thromboembolisms. Currently, due to the
wide spreading of the said complications, the therapy and the prevention of them undergo significant
changes. The traditionally used warfarin is being switched to low molecular weight heparin. At the
present moment, oral anticoagulants are used more and more often. The analysis of special scientific
literature has allowed for evaluating the novel principles of treatment in cases of oncology-associated
thromboses and thromboembolisms depending on the location of the process, on its stage, on the
severity of the patient status, as well as to define the risk factors of oncology-associated thromboses,

the practicability and possible methods of its prevention in various groups of patients.

Keywords: deep vein thrombosis; pulmonary embolism; cancer-associated thrombosis.

For citation:

Dundua DP, Kedrova AG, Oleynikova IN, Plokhova EV, Khabazov RR. Venous thromboses and
thromboembolism in oncology patients. Journal of Clinical Practice. 2024;15(3):109-125.

doi: https://doi.org/10.17816/clinpract634775

Submitted 01.08.2024

Revised 19.08.2024

Published online 25.09.2024

BACKGROUND

Deep vein thrombosis and pulmonary artery
thromboembolism are the most frequent cardio-vascular
complications of oncological diseases, which may occur
at any stage of tumor development [1, 2]. Thromboses,
both venous and arterial, as well as the embolisms
related to them, represent the second major cause of
mortality among the oncology patients right after the
complications related to cancer diseases. Venous
thromboembolisms may precede the oncology disease
or may occur at any stage of cancer development or
even at the stage of its successful treatment [2, 3].

Thromboembolism affects the course of the
oncology disease, compelling to pause or delay the
vitally important anti-tumor therapy [4, 5]. The rate
of venous thromboembolisms in oncology patients
is 4-7-fold higher than in healthy individuals [6].
The improvement of the survival rate in oncology

The article can be used under the CC BY-NC-ND 4 license /
Jvuensmns CC BY-NC-ND 4

patients results in an increase in the rates of venous
thromboembolisms, first of all, due to the extension of
the survival among the oncology patients, secondly,
due to the wide use of central venous catheters/ports
and the increased rates of thromboses caused by them.

It is also important to note that the diagnostics
of oncology-associated thromboses has become
widely accessible [7]. In general, patients with
oncology-associated thrombosis represent a more
severe group of cancer patients: the morbidity levels
among them are significantly higher comparing to
the individuals of the same age and gender without
oncology diseases [8]. About 15% of the patients with
oncology diseases develop venous thromboembolisms
and, on the contrary, 20% of non-induced venous
thromboembolisms may be the first signs of malignant
neoplasms [9]. Arterial thromboses and ischemic heart
disease also occur more often among the oncology
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BEHO3HbIE TPOMBO3bl U TPOMBO3MBOJIUA
Y OHKOJIOITMYECKUX BOJIbHbIX
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AHHOTALMUA

Tpomb03 riiy6oKnx BeH n TDOM603aMb0ms1 NEr04YHON apTepu — Hanbosiee 4acTo BCTpevaroLmnecsi cep-
[EeHYHO-COCyANCTbIE OCIOXHEHUS OHKOIOMMYECKOro 3ab0os1eBaHUs], KOTOPbIE MOryT BO3HUKaTb Ha /10601
cTaguu OHKOJIOMMYECKOro MpoLecca. ISTu XKU3HEYrpoXaroLymne OCOXKHEHUST 3aHUMAaloT IngupyroLme
no3vymum B CTPYKTYPE CMEPTHOCTU Y OHKOOOJIbHbIX, YCTyras MeCcTO TOJIbKO caMOMy OHKO3abosieBa-
HU0. Heobxogumo 3aMeTuThb, YTO NayneHTbl C OHKOACCOoOLMNPOBaHHbLIMY TPoMb0o3amy — 3T0 Hanbosee
Ts)xén1as rpynna 60/bHbIX, ¥ KOTOPbIX BOSHUKHOBEHNE TPOMOO30B 1 TPOMOOIMOO/INIA MOXET HE TOJb-
KO OTCPOYUTb XKU3HEHHO Ba>kHOE JIeYEHNE OCHOBHOIO 3ab0Js1eBaHmsl, HO Y MOJIHOCTLIO UCKJIOYUTB €ro
BBULAY HEBO3MOXKHOCTU MPOBEAEHVS afjleKBaTHOM Tepanun. 3TO BaxKHasi coymnasibHasi U SKOHOMUYecKas
3ajava, y4nTbiBasi 3aTpathl 34paBOOXPaHEHUsT Ha JIeHeHNe camMoro 3aboseBaHusl U COMyTCTBYHOLNX
OCJ/IOXKHEHWN. TakuM 06pa3oM, OCTPO CTOUT BOMPOC HE TOJIbKO CaMoro JIeYEHUSs, HO v MpoguiaKkTy-
KN OHKOaccoLnnpoBaHHbLIX TPOM6B030B 1 Tpomboamboani. B HacTosiLee Bpemsi B CBSI3W C pacrpo-
CTPaHeHUEeM faHHbIX OCJIOXKHEHWN JIeHeHne u npouaaKkTuka npeteprneBaroT 060/bLINEe USMEHEHUS.
TpagnyMoHHO UCIOo/Ib30BasICs BapapyiH, Ha CMEHY KOTOPOMY MPULLEN HU3KOMOJIEKYISIPHBIA rerapuH.
Ha fgaHHbIi MOMEHT BCE 4allje UCrONb3YHTCS repopasibHbie aHTUKOaryasiHTbl. AHaIn3 creynasisHON
HayYHOU JINTEPATyPhbl MO3BOJINI OLIEHUTL HOBbIE MPUHLMIMbLI IEHEHNST OHKOACCOLMMPOBaHHbIX TPOMOO30B
n TPOMO03IMOO/INI B 3aBUCUMOCTYM OT JIOKa/IM3aLmum rnpoLiecca, ero craguu, TSXXeCTy COCTOSIHUS nauym-
€HTa, a Takxe OrnpefenTb (hakToOpPbl PUCKA OHKOACCOLMNPOBAaHHbIX TPOMOO30B, Lies1ecoobpa3HOCTb
Y BOBMOXXHbI€ METOAbI X MPOMUIAKTUKN B Pa3HbIX rpyrnax rnaymneHTos.

KnroueBbie cnoBa: TpoM603 r/iy60KuX BEH; TPOMOOIMO0InS IEFOHYHON apTepuy; OHKOaCcCoLnNpoOBaH-
Hble TPOMOO3bI.
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patients comparing to the groups of individuals

therapy for venous thromboembolisms. However,

comparable by age but with no cancer diseases [10].
Venous thromboembolism in case of cancer is not
limited to the deep vein thrombosis and pulmonary
artery thromboembolism. There are also the so-called
atypical thromboses in the veins of the upper limbs and
of the visceral organs [11].

PREVENTION AND TREATMENT

OF ONCOLOGY-ASSOCIATED VENOUS

THROMBOSES: NEW TREATMENT SCHEMES,

APPROACHES AND STRATEGIES

New trends in the treatment

of oncology-associated thromboses

Anticoagulant therapy, primarily with low molecular
weight heparins, was and still remains the basics of

110

in recent years, a clear shift can be seen towards
the use of direct oral anticoagulants in oncology
patients with venous thromboembolisms. Large-scale
randomized clinical trials in oncology patients
with deep vein thrombosis, aimed for primary and
secondary prophylaxis of pulmonary embolism, have
demonstrated a comparable degree of safety and not
lesser efficiency of low molecular weight heparins or
vitamin K antagonists in secondary prophylaxis of
pulmonary embolism and deep vein thrombosis. The
heads of the professional communities of the Western
countries, as well as the Russian Society of Cardiology
have recently changed their approach to primary
prevention and to the treatment of deep vein thrombosis
and pulmonary embolism in oncology patients [12-16].
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Risk factors of venous thromboses

and pulmonary embolism in oncology patients

A number of risk factors of venous thromboembolism,
for example, age, smoking, obesity, inactive lifestyle,
arterial hypertension and diabetes mellitus, are related
to the patient [17]. Other risk factors are related to
the type and the location of the oncology process.
As it is shown in table 1, some types of antitumor
therapy also increase the probability of developing
thrombi [18].

The age is a risk factor of venous thromboembolism
both in patients with malignant neoplasms [20] and in
the general population. In one retrospective research,
the patients aged above 70 years and receiving
chemotherapy, had an increased risk of developing
venous thromboembolism comparing to younger
patients (11% versus 6%) [21]. The functional status of
the patients is also important: the decreased working
capacity due to hypodynamia can increase the risk of
venous thromboembolism [2].

Hereditary trombophilia is a significant risk
factor that increases the probability of venous
thromboembolism in oncology patients. The presence
of a rare genetic risk factor, such as the deficit of
antithrombin, of protein C, of protein S or of the

factor V Leiden, increases the risk of venous
thromboembolism at the young age [22]. Concomitant
diseases, such as chronic pulmonary and renal diseases,
anemia, infections and obesity — all of these increase
the risk of venous thromboembolism in oncology
patients 1.5-fold [20]. Finally, oncology patients with
a past medical history of venous thromboembolism
have 6 to 7 times higher risk of repeated venous
thromboembolism comparing to cancer patients
without venous thromboembolism [23].

Tumor location also affects the rate of venous
thromboembolisms. The tumors located in the brain
and in the pancreatic gland, are associated with the
highest risk of pulmonary embolism [24]. Cancers of
the stomach, esophagus, ovaries and lungs are also
associated with high risk of deep vein thrombosis
and pulmonary embolism. Especially dangerous are
the hemoblastoses, the non-Hodgkin lymphomas
and multiple myelomas [18]. The risk of venous
thromboembolism increases upon regional or metastatic
spreading of the malignant tumor [25], and the number
of such patients is constantly increasing. About 50%
of the patients with venous thromboembolism at
the time of diagnosis already have metastases. The
highest risk of deep vein thrombosis is reported during

Table 1

Risk factors for venous thromboembolism in cancer patients (modified from source [19])

Risk factors

Demographic data: elderly age, female gender

Obesity

Smoking

Low physical activity
Related
to the patient

Concomitant diseases (ischemic heart disease, hypertensive disease, atrial fibrillations,
atherosclerosis, cardiac insufficiency, infectious diseases, sepsis, diseases of kidneys
and liver, lung diseases, systemic diseases, diabetes mellitus)

Past history of venous thromboembolism

Hereditary trombophilia

Number of platelets before therapy: =350x10%/1, number of leucocytes before therapy:
>11x10%I, hemoglobin level <100 g/I

Primary focus of cancer (lungs, colon/rectum, stomach, pancreatic gland, ovaries,
prostate gland, urinary bladder, kidneys, brain, lymphoma, myeloma)

Significant enlargement of regional lymph nodes with the compression of adjacent vessels

Related Histogenesis of the tumor (adenocarcinoma)
to the oncology Malignant neoplasm stage: late stage of the tumor process, metastatic process
disease Time from the inset of the diseases: more often during the first 3—-6 months
of the disease
Major surgery
Hospitalization
Related ggfr:]ng:;ﬂﬁz?aand anti-angiogenic medications
to therapy py

Blood transfusions

Medicinal products stimulating the erythropoiesis

Presence of central vein catheter
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the first 3 months after setting the adenocarcinoma
diagnosis, while the probability of deep vein thrombosis
eventually becomes slightly decreased. Nevertheless,
when comparing the population of oncology patients
to the comparable group of population not having
cancer diseases, the risk of venous thrombosis in
oncology patients remains increased all the time
(from the moment of setting the diagnosis to 15 years
of follow-up) [26].

Factors of deep vein thrombosis and

pulmonary embolism, related to the treatment

Sadly, but the probability of venous thromboembolism
also increases with a background of successful
treatment for malignant  diseases.  Surgical
interventions, some types of antitumor therapy and
other therapeutic procedures can result in venous
and arterial thromboembolisms. Minor pelvis and
abdominal surgeries in oncology patients increase
the risk of postoperative deep vein thrombosis
and pulmonary embolism 2-3-fold comparing to
the patients without oncological diseases and with
similar interventions [27-30]. Systemic chemotherapy
increases the risk of venous thromboembolism by
a factor of 2-6 [31]. It was found that Cisplatin therapy
doubles the risk of thromboembolic complications
comparing to Oxaliplatin in patients with stomach
and esophageal cancer [32]. Immunomodulating
medicines used for multiple myeloma (Thalidomide,
Lenalidomide), increase the risk of venous and arterial
thromboembolisms [33], while the medicinal products
suppressing the angiogenesis, such as Bevacizumab,
containing monoclonal antibodies against vascular
endothelium growth factor receptors (VEGFR), increase
the risk of developing arterial thromboembolisms
[34, 35]. Targeted therapy agents Sorafenib and
Sunitinib increase the risk of thromboses [36].
Immune checkpoint inhibitors also increase the risk
of both venous and arterial thromboembolism due
to the cellular type of immune response, due to the
expression of inflammatory cytokines and due to
complement-mediated inflammation [37]. Supporting
therapy with Erythropoietins, blood transfusions, often
so0 necessary for oncology patients, also promote to
developing venous thromboses in them [38].

Laboratory markers of oncology-associated

thromboses

Some biomarkers indicate the increased risk
of oncology-associated thromboses. High degree
leukocytosis/thrombocytosis and low hemoglobin
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levels before chemotherapy increase the risk of venous
thromboembolism [39]. These tests that are available
in practice can be successfully used for the purpose of
defining the probability of venous thrombosis [40].

D-dimer, a small fragment of the protein produced
upon the degradation of fibrin, was investigated as
a prognostic biomarker of venous thromboembolism
in cases of oncology disease. High D-dimer levels
were associated with elevated risk of venous
thromboembolism [41]. It is worth noting that D-dimer
levels often become elevated in oncology patients,
even without the thrombosis: the levels are variable
from one laboratory to another, and there is no general
consensus on what levels of D-dimer can be considered
an indicator of high risk of thrombosis.

Other molecules were also studied, including the
P-selectin and the microparticles forming the tissue
factor, along with their potential role in predicting
venous thromboembolism. P-selectin was integrated
into the risk assessment models together with the
clinical factors [42]. As of today, the research works
on the evaluation of the prognostic benefits of tissue
factor microparticles show controversial results,
and, in clinical practice, the risk scales are more
commonly used.

Predicting the risk of venous

thromboembolism using risk scales

It is very important to determine in advance,
which patients with oncology diseases are subject
to the highest risk of venous thromboembolism. For
this purpose, the venous thromboembolism risk
assessment models were developed [43]. The first
and the most popular risk assessment model for
venous thromboembolism in out-patient oncology
patients was proposed in the research works headed
by A.S. Khorana [39, 44]. The Khorana scale was
developed based on the analysis of the data from 2701
patients, while its benefits were confirmed during the
retrospective and prospective research works with
the participation of more than 35,000 patients [45].
This scale was based on using 5 variables, such as
the type of oncological disease, the values of clinical
hematology panel parameters (hemoglobin, platelets
and leucocytes) and the body mass index, which need
to be evaluated before the initiation of chemotherapy.
Each variable had a single point assigned, except
for the high risk subclass, to which 2 points were
assigned. The Khorana scale remains an instrument for
risk assessment, which was included into practically all
the recommendations.
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The novel research works show that using the
Khorana scale can be useful for early detection of
venous thromboembolism using ultrasound diagnostics.
Despite this fact, currently, the international guidelines
do not include this aspect, while in one of the multicenter
research, the venous thromboembolism was detected
in about 9% of the patients from the high risk group
(>3 points of the Khorana scale) [46].

During the pilot research, it was shown that electronic
alerting can be useful for early detection of deep vein
thrombosis and may prevent hospitalization [47].

The evaluation of the risk of developing cancer-
associated thromboses using the Vienna system,
besides the five parameters mentioned above, also
includes the levels of D-dimer and soluble P-selectin,
which has increased the predicting value of the
system, however, independent clinical trials have not
confirmed it [42].

As for the arterial thromboses and embolisms,
currently there is no verified instruments for
risk assessment and predicting the arterial
thromboembolisms in oncology patients.

Prophylaxis of venous thromboembolism

in oncology patients during surgical intervention

Surgical intervention is a well-known risk factor
for venous thromboembolism in oncology patients
when compared to the patients without oncology
diseases, undergoing surgical treatment [48]. All the
patients with active malignant neoplasms with a past
history of major surgical interventions, must receive
medicinal prophylaxis of venous thromboembolism.
The postoperative prophylaxis of thrombosis at the
In-Patient Department is a currently accepted standard.
But, in oncology patients, the risk of thrombosis is
increased and, after the discharge from the in-patient
department, the prolongation of thrombosis prevention
in such patients at the out-patient phase would be
logical. Several research works have studied the
efficiency of prolonged anticoagulant therapy (up to
4 weeks) comparing to the intrahospital prevention of
venous thromboembolisms (for 7 to 10 days) in oncology
patients after surgery. The results have demonstrated
a significant — from 12 to 4.8% (by 60%) — decrease
in the rate of venous thromboembolism when using
the prolonged prevention, with the risk of major
hemorrhages and of fatal outcomes not being
increased [49]. On that basis, the current standards of
therapy from the American Society of Clinical Oncology
(ASCO) recommend all the patients with malignant
diseases scheduled for major surgical intervention, to
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use the pharmacological prevention of thromboses or
unfractionated heparin at a dosage of 5000 U within
2 to 4 hours before surgery and every 8 hours after
surgery, or low molecular weight heparin at a dosage
of 40 mg from 10 to 12 hours before surgery and
then 40 mg once daily after surgery in the absence
of contraindications (active hemorrhage, risk of major
hemorrhage and other contraindications).

The prevention of venous thromboembolism should
be continued for 7 to 10 days. In high risk patients,
for example, with restricted mobility, obesity, past
episode of venous thromboembolism or in case of
other additional risk factors, prevention of venous
thromboembolism should be continued for up to
4 weeks after surgery. For patients with low risk level,
the decision on the duration of the prophylaxis of
venous thromboembolism shall be drawn up on an
individual basis [12].

In some other recommendations, prolonged
prophylaxis of venous thromboembolism after
discharge from the in-patient department was also
approved for up to 4 weeks for oncology patients
with a history of major surgery in the abdominal
cavity or in the minor pelvis [14, 16]. Practically all the
recommendations for prolonged prophylaxis, as well
as for the intrahospital prophylaxis, suppose the use of
low molecular weight heparins.

Prophylaxis of venous thromboses

in hospitalized oncology patients

Among the hospitalized patients with malignant
neoplasms, a lot of concerns remain unclear regarding
the issues of primary prevention of thrombosis, despite
the fact that the interrelation between the oncology
disease and the venous thrombosis is well known.
According to the register of deep vein thrombosis in the
USA, hospitalized patients with malignant neoplasms
less often receive preventive treatment of venous
thromboembolism comparing to other patients without
oncology diseases (28% versus 35%). The main
reasons include the active hemorrhage, the concerns
on possible hemorrhages or thrombocytopenia [50].

As of today, there are no ideal medications and optimal
schemes for preventing venous thromboembolisms
among hospitalized oncology patients. J.I. Zwicker
et al. [51] have confirmed the high efficiency of fixed
dosages of Enoxaparin used for the prevention of
deep vein thrombosis and have demonstrated that
thrombo-prophylaxis with low molecular weight
heparins with taking into consideration the weight of
the patient is effective and safe.
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For the purpose of the optimal prophylaxis of
venous thrombosis, various scales are used, one of
which is the Padua scale. In this scale, the maximum
of 3 points is assigned in case of an active oncology
disease and previous venous thromboembolism.
In case of decreased mobility and the presence of
known trombophilia, according to this scale, the
risk grade is 2 points. One point is assigned in case
of having a recent trauma and/or surgery (within
a time period of 1 month), in case the patients
are aged 70 years and older, in case of having
a cardio-vascular disease or infectious/rheumatic
disease, obesity (body mass index >30 kg/m?) or
concomitant hormonal therapy [52].

Sadly, despite the fact that all the abovementioned
systems of estimation include the diagnosed oncology
diseases, they do not take into account the risk
probability depending on specific types of tumors.
Besides, the analysis of literature sources shows that the
preventive dosages of low molecular weight heparins,
which are being ubiquitously used (Enoxaparin 40 mg;
Dalteparin 5000 ME; Fondaparinux 2.5 mg), may be
insufficient for decreasing the total rates of venous
thromboembolisms and may be non-optimal for high
risk groups of patients [53]. The capabilities of the
Khorana scale to predict venous thromboembolisms
in hospitalized patients were demonstrated during the
retrospective research [54], where it was shown that
higher benefits of preventing venous thromboembolisms
were observed in patients with high Khorana indexes.
However, it is quite evident that the existing scales are not
comprehensive and there is a need for further research
works on the implementation of risk assessment
systems into clinical practice for hospitalized and
out-patient oncology patients.

The duration of the prevention of venous
thromboembolisms in  oncology patients after
hospitalization is also not yet defined conclusively. As
shown by the EXCLAIM research (extended prophylaxis
of venous thromboembolisms in patients with acute
diseases and immobilization), the prolongation of anti-
thrombotic prophylaxis for up to 28 days (comparing
to standard 10 days) results in a statistically significant
increase in the risk of hemorrhages with no additional
decrease of the rates of venous thromboembolisms [55].

Despite the absence of specific data,
also acknowledging the high risk of venous
thromboembolisms in hospitalized oncology patients,
the current recommendations from the professional
societies, such as the American Society of Clinical
Oncology (ASCO) and the American Society of
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Hematology (ASH), extrapolating the knowledge
obtained during the research on the prevention of
thromboses in patients with somatic diseases, include

the following:
® in the absence of -contraindications in the
hospitalized patients with active malignant

neoplasm and acute disease (cardiac insufficiency,
acute respiratory disease with chronic pulmonary
disease, acute infection, acute rheumatic disease
and inflammatory intestinal disease), or in cases
of their decreased mobility, the prescriptions shall
include pharmacological prevention of venous
thromboembolisms;

® the routine pharmacological prophylaxis of venous
thromboembolisms is not indicated to patients
admitted for undergoing minor procedures or
chemotherapy, as well as to patients receiving
administrations of stem cells or bone marrow
transplantation [12, 16].

Prophylaxis of thrombosis in the out-patients

with oncology diseases

Up to 74% of all the venous thromboembolisms
related to cancer, occur exactly during the out-patient
period [56]. The retrospective analysis of the medical
insurance reports from the IMPACT (USA), conducted
by G.H. Lyman et al. [57], indicates that the joint rate of
venous thromboembolisms within 3.5 months from the
initiation of chemotherapy is 7.3%, while in 12 months it
reaches 13.5%. The rate of venous thromboembolisms
varies significantly depending on the location of the
oncology process and on the stage of diseases [57].

In the 1990-s, for the first time, the results were
published on the thrombo-prophylaxis in oncology
patients, and its was shown that the use of low Warfarin
dosages in women with metastatic breast cancer
results in a decrease of the relative risk of venous
thromboembolism by 85%, with this, no increase was
noted in the rate of hemorrhages comparing to the
control group of patients [58]. Quite recently, several
research works were carried out, devoted to the
thrombo-prophylaxis in the out-patient settings among
the patients with malignant neoplasms (pancreatic
cancer and multiple myeloma), including the patients
with high risk of venous thromboembolisms. During
the PROTECHT trial (prophylaxis of thromboembolic
during chemotherapy) [59], the participants included
the patients with Ilung cancer, breast cancer,
gastrointestinal tract cancers, as well as with the
malignant tumors of the head /neck area and ovaries.
The patients, according to the randomized sample,
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were receiving Nadroparin (3800 U) subcutaneously
or placebo: venous thromboembolisms in patients of
high risk group were reported in 4.5% and 11.1% of the
cases, respectively. As for the rate of hemorrhages, the
groups did not differ. Similar results were observed in
the SAVE-ONCO research (Semuloparin for thrombo-
prophylaxis in patients, receiving chemotherapy due to
the presence of cancer), in which the patients with any
metastatic or locally spreading solid tumor, receiving
chemotherapeutic agents, were randomized into two
groups, one of which was receiving the low molecular
weight heparin Semuloparin, while the other group was
receiving placebo. The research have demonstrated
a significant decrease in the rate of developing venous
thromboembolism in patients of the Semuloparin group
without increasing the rate of serious hemorrhages [60].
The subgroup analysis of the data obtained in this
research have shown that, for preventing a single case
of thrombosis, it is sufficient to treat 25 patients from
the high risk group.

In a recently updated Cochrane review [61] it was
noted that primary thromboprophylaxis using low
molecular weight heparins allows for significantly
decreasing the rates of symptomatic venous
thromboembolisms among the out-patients with
oncology diseases, receiving chemotherapy. If the
anticipated risk of venous thromboembolism is 7.1 per
100 patients, this means that 30 patients need to be
treated in order to prevent a single thromboembolic
event. These results once again confirm the necessity
of stratifying the risk of thromboembolism in oncology
patients for defining the groups of patients, in
which the benefit significantly overweighs the risks
of hemorrhages.

The benefits of anticoagulant therapy were proven
during the research works in groups of patients with
tumors showing high thromboembolic risk [62, 63]. The
benefits of thromboprophylaxis were also reported in
patients with multiple myeloma. In one of the research,
a comparison was made of the efficiency and of the

safety of thromboprophylaxis with low-dose aspirin or
low molecular weight heparins in patients with newly
diagnosed multiple myeloma, receiving Lenalidomide
therapy. A decrease was shown in the rate of venous
thromboembolism  without serious hemorrhagic
complications when using both the low molecular
weight heparins and the aspirin [5]. Multiple myeloma
is the only group of malignant neoplasms, in which it
is justified to use aspirin for the prevention of venous
thromboembolism.

Direct oral anticoagulants, especially factor Xa
inhibitors, such as Apixaban, Rivaroxaban and
Edoxaban, are well studied in patients with oncology
diseases. Currently, three factor Xa inhibitors were
approved by the regulating authorities in Europe and USA
for the treatment of oncology-associated thromboses
(in Russia — only Apixaban and Rivaroxaban). But the
factor Xa inhibitors, or xabans (from the English Xa),
were not certified for primary prophylaxis of venous
thromboembolism, except for orthopedic surgery or
some clinical situations. The dosage modes for factor
Xa inhibitors for the prevention and treatment of venous
thromboembolism are provided in table 2.

Data on the efficiency and safety of xabans during
the primary prophylaxis of venous thromboembolism
in oncology patients have been obtained at the
beginning of 2019, when data became available
from two large randomized controlled researches —
CASSINI (Rivaroxaban for thromboprophylaxis in
out-patients with cancer assigned to the high risk
group) and AVERT (Apixaban for the prevention
of venous thromboembolism in cancer patients),
where the efficiency and the safety of xabans was
evaluated for thromboprophylaxis in out-patients
with active oncology disease and with high risks of
venous thromboembolism. In general, both research
works have shown the benefits of using direct oral
anticoagulants in oncology patients for the purpose
of primary prevention, which, however, is mitigated by
the increased risk of hemorrhages. For the purpose

Table 2

Therapeutic and prophylactic doses of direct oral anticoagulants [19]

Drug
Preventive

Apixaban 2.5 mg twice daily

Rivaroxaban 10 mg once daily

Edoxaban Not used
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Dosage
Therapeutic

Initial dosage — 10 mg 2 times/day, 7 days,
then 5 mg twice daily

Initial dosage — 15 mg 2 times/day, 21 days,
then 20 mg once daily

60 mg/day, at least after 5 days of therapy,
with low molecular weight heparin
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of defining the role of direct oral anticoagulants in
the primary prophylaxis of deep vein thrombosis and
pulmonary embolism in oncology patients, further
research is required. It must be stressed that the
prescription of anticoagulants based only on the
increase in the level of D-dimer, is insufficiently justified.
Summarizing the accumulated experience and the
currently available international recommendations,
the following can be summed up:
* the routine pharmacological prophylaxis is not
indicated to all the patients with oncology diseases;
* the out-patients with oncology disease of high
risk group (=2 points of the Khorana scale before
the initiation of chemotherapy) can be a justified
group for using thromboprophylaxis with Apixaban,
Rivaroxaban or low molecular weight heparins: the
decision on the use of anticoagulants should be
conferred with the patient taking into consideration
the benefits and harms, the cost of medicinal
products and the therapy duration;
® patients with multiple myeloma, receiving
Talidomide or Lenalidomide (in combination with
dexamethasone), shall receive thromboprophylaxis
with Aspirin or low molecular weight heparin in case
of low risk and with low molecular weight heparin in
high risk situations [12, 16].

Treatment and secondary prophylaxis

of venous thrombosis and pulmonary

embolism: the choice of therapy

and therapy duration

The correct treatment for venous thromboembolism
in oncology patients is critically important, for both
the recurrent venous thromboembolisms and the
hemorrhages negatively affect the survival [5]. Currently,
there are various available variants for antithrombotic
therapy for oncology patients with thromboses.
Traditionally, for the treatment of oncology-associated
venous thromboembolism, Vitamin K antagonists
were used. Low molecular weight heparins are
superior comparing to vitamin K antagonists by the
efficiency and the safety, and they still remain the main
means for the treatment of thromboembolic events
in oncology patients within the two last decades.
The foundational CLOT research (comparison of low
molecular weight heparins and Warfarin in cases of
venous thromboembolism) was carried out in patients
with oncology diseases and with acute symptomatic
venous thromboembolism, compellingly proving the
superior efficiency of low molecular weight heparins
versus vitamin K antagonists during the long-term
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(6 months) treatment [64]. During the treatment period
of 6 months, 8.0% of the patients in the Dalteparin
group had recurrences of venous thromboembolisms,
while in the group receiving vitamin K antagonists,
recurrences of venous thromboembolisms were
reported in 15.8% of the cases (p=0.002). No significant
difference was found between the two groups in terms
of the rate of any types of hemorrhages.

In a later CATCH research (comparison of
hemostasis treatment methods in cancer patients),
comparison was made of treatment results obtained
with using low molecular weight heparin Tinzaparin
at a dosage of 175 1U/kg once daily for 6 months and
with using the treatment with Tinzaparin, initially for
5 to 10 days with further transition to Warfarin with
achieving the target INR levels (international normalized
ratio) of 2-3. Just like in the CLOT research, the rate of
venous thromboembolisms has decreased from 10%
in the Warfarin group to 6.9% in the Tinzaparin group,
though the results were not statistically significant
(p=0.07). The occurrence rate of serious hemorrhages
was similar in both groups, while the rate of minor
hemorrhages was significantly lower in the Tinzaparin
group (11% and 16%; p <0.03) [65].

Based on the data from the CLOT research [64]
and from the Cochrane review [66], international
associations recommend low molecular weight
heparins as the first line therapy for short-term and
long-term therapy of oncology-associated venous
thromboses and pulmonary embolism [12, 14].
However, such a therapy is not always applicable:
frequent subcutaneous injections are the evident
impediment for following the correct treatment mode.
Besides, the presence of renal failure and the cost of
low molecular weight heparins restrict the possibilities
of their wide use. In real-life clinical practice, vitamin K
antagonists are still often used in oncology patients
with venous thromboses, taking into consideration
the simplicity of oral intake and the relatively low cost,
despite the fact that they are not recommended as the
preferable treatment for oncology-associated venous
thromboembolisms [67].

Currently, direct oral anticoagulants are
recommended as the first line therapy in patients
with deep vein thrombosis and pulmonary embolism
without oncological diseases. Up until recently, their
use in cases of oncology-associated thromboses
was not recommended, however, the results of three
research works on the direct comparison of direct oral
anticoagulants and low molecular weight heparins
became widely accessible. The HOKUSAI-VTE
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research (Edoxaban for the treatment of venous
thromboembolism, associated with cancer) had
randomized 1050 patients with oncology diseases
and with acute symptoms or accidentally diagnosed
venous thromboembolisms. One group was receiving
Edoxaban (at a daily dosage of 60 mg) after the initiation
of therapy with low molecular weight heparin —
Dalteparin, while the comparison group continued
Dalteparin therapy for 6 to 12 months. The follow-up
duration was 9 months [6]. The main endpoint (cases
of first repeated venous thromboembolism or major
hemorrhage within 12 months) was observed in 12.8%
of the patients in the Edoxaban group and in 13.5%
in the Dalteparin group (OP=0.97; p=0.006). Edoxaban
was not inferior comparing to Dalteparin in terms of
anti-thrombotic efficiency regardless of the therapy
duration (OP=0.97; p=0.006 for non-inferiority). By
the recurrence rates of venous thromboembolisms,
the groups of Edoxaban and Dalteparin did not
differ (7.9% versus 11.3%; p=0.09), while the rate
of major hemorrhages was higher when taking
Edoxaban comparing to Dalteparin (6.9% versus 4.0%
respectively; p=0.04). Hemorrhages were especially
often observed in patients with gastrointestinal tract
cancers (12.5% versus 3.6%; p=0.005).

The proofs of efficiency of direct oral anticoagulants
were also obtained in the randomized SELECT-D
research [68], in which 406 patients with symptomatic
or asymptomatic venous thromboembolisms were
randomized to receive Rivaroxaban (with a dosage of
15 mg twice daily for 3 weeks with further transition
to 20 mg once daily) or Dalteparin (with a dosage of
200 IU/kg daily for 1 month, then 150 1U/kg daily for
6 months). After six months of follow-up, the cumulative
rate of venous thromboembolism recurrences was
significantly lower in the Rivaroxaban group comparing
to the Dalteparin group (4% versus 11%; OR=0.43). By
the rate of serious hemorrhages, the groups did not differ
(6% versus 4% respectively; OR=1.83), while the rate of
clinically significant small hemorrhages was significantly
higher in patients receiving Rivaroxaban therapy
(13% versus 4%, respectively; OR=3.76). Just like in the
HOKUSAI research, the most serious hemorrhages in
the Rivaroxaban group (in 7 out of 11) were reported
in patients with tumors of the gastrointestinal tract,
clinically significant small hemorrhages were also
developing in the gastrointestinal tract (in 9 out of 25)
or in the urogenital tract (in 11 of 25). When taking
Rivaroxaban, hemorrhages were reported 3 times
more often (36% versus 11%) then in the Dalteparin
treatment group. More than half of the patients in
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these research works had metastases (53% and 58%
respectively), of which about 70% were receiving
active anti-tumor therapy. Moreover, the rate of venous
thromboembolism in the group of low molecular weight
heparins within the HOKUSAI-VTE and SELECT-D
research works (11.3% and 11.0% respectively) was
matching with the data obtained in similar research
works — CLOT and CATCH (9% and 7.2%, respectively),
and the rate of major hemorrhages was also similar
(4% for HOKUSAI-VTE and SELECT-D versus 6% and
3% for CLOT and CATCH, respectively).

In another Apixaban research — CARAVAGGIO —
a total of 1155 oncology patients with symptomatic or
asymptomatic acute proximal deep vein thrombosis or
pulmonary artery thromboembolism were randomized
[69]. Patients were receiving Apixaban (at a dosage of
10 mg twice daily within the first 7 days, then 5 mg
twice daily), or Dalteparin subcutaneously (at a dosage
of 200 IU/kg once daily during the first month, then
150 1U/kg once daily). The groups were comparable
by all the main clinical characteristics: about 60% of
the patients were simultaneously receiving active anti-
tumor therapy; 40% of the total number of patients in
both groups had colorectal cancer and lung cancer. The
recurrence of venous thromboembolism had occurred
in 5.6% of the cases in the Apixaban group and in
7.9% in the Dalteparin group (OR=0.63; p <0.001 for
non-inferiority). Major hemorrhages, the main clinical
safety endpoint, were reported in 3.8% in the Apixaban
group and in 4.0% for the Dalteparin group (HR=0.82;
p=0.60). This is by what the CARAVAGGIO research
differs from the previous similar research works, where
the rate of hemorrhages in the group receiving direct
oral anticoagulants was higher. Special mention should
go to the hemorrhages in the gastrointestinal tract, the
rate of which in the CARAVAGGIO research was similar
in the Apixaban and Dalteparin groups.

In the ADAM-VTE small pilot research (Apixaban
and Dalteparin for active venous thromboembolism,
associated with malignant neoplasms), a decrease in
the rate of venous thromboembolism recurrences was
demonstrated in the Apixaban group without increasing
the rate of hemorrhages [6].

Based on the accumulated data, the latest ASCO
recommendations state that, for the purpose of long-term
anticoagulant therapy (not less than 6 months) in cases
of oncology-associated venous thromboembolisms, it
is more preferably to use low molecular weight heparins
or direct oral anticoagulants, which are more effective
than vitamin K antagonists. Vitamin K antagonists can
be used if low molecular weight heparins or direct oral
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anticoagulants are not available. When using direct
oral anticoagulants (except for Apixaban), the risk of
serious gastro-intestinal hemorrhages is increased,
just like the risk of hematuria in cases of urogenital
tract tumors. The cautiousness when using the direct
oral anticoagulants is also justified in other settings
with a high risk of damage in the mucosal membranes.
When selecting the direct oral anticoagulants,
drug-to-drug interactions should be taken into
account. Thus, factor Xa inhibitors should not be used
simultaneously with potent inhibitors or inductors
of P-glycoprotein or cytochrome P450 3A4 [12].

As of today, there are no research works that
can evaluate the optimal duration of anticoagulant
therapy in case of oncology-associated venous
thromboembolisms. For the treatment of venous
thromboembolisms in oncology patients, current
guidelines have recommended using anticoagulants
for at least 6 months. In patients with active oncology
diseases, it is suggested to increase the duration of
anticoagulant therapy. While the oncology process
is active, the risk of venous thromboembolism
recurrence in patients remains high, and the cessation
of anticoagulant therapy due to the reasons not related
to serious hemorrhage, results in the recurrences of
venous thromboembolism [70]. Only in two prospective
multicenter research works — DALTECAN (treatment for
venous thromboembolism in oncology patients using
Dalteparin for up to 12 months) and TiCAT (Tinzaparin
in case of thromboses, related to cancer, lasting for
more than 6 months) — the safety and the efficiency
were proven for such an approach: the rate of venous
thromboembolism recurrences has decreased from
4.5% and 5.7% to about 1% during the 7-12 months
of therapy [71, 72]. These results indicate the benefits
of prolonged treatment of venous thromboembolism
in oncology patients. On the other hand, regardless
of the medicinal product, the treatment of venous
thromboembolism for some patients may become
permanent. The necessity for long-term anticoagulation
should be periodically revised, evaluating the additional
risk factors, such as metastatic activity or progression
of the disease, venous thromboembolisms in the
past, current systemic chemotherapy or the use of
thrombogenic drugs, on the one hand, and the risk of
hemorrhages — on the other.

The current ASCO recommendations propose the
following:
® anticoagulant therapy can be initiated with low

molecular weight heparins (in case of normal

renal functions, low molecular weight heparins are
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more preferable than non-fractioned heparin), with
Fondaparinux, Apixaban or Rivaroxaban;

* low molecular weight heparin, Apixaban, Edoxaban
or Rivaroxaban are more preferable than vitamin K
antagonists for long-term anticoagulant therapy
(for not less than 6 months);

® the use of direct oral anticoagulants is associated
with an increased risk of hemorrhages, especially
in cases of malignant neoplasms of the
gastrointestinal tract;

e prolongation of anticoagulant therapy after the first
6 months should be taken into account for patients
with metastatic tumors and/or when continuing the
active antitumor therapy with periodical revision of
the risk/benefit ratio of such therapy.

Asymptomatic and incidentally diagnosed

venous thromboembolism

The venous thromboembolism that was detected
upon scanning and that has no clinical manifestations
at the moment of diagnosing, represents the half of
all the cases of venous thromboembolism in oncology
patients [6]. Besides the pulmonary embolism and
deep vein thrombosis, the incidental findings also
include thromboses of the visceral veins. In a group
of patients with malignant neoplasms located in the
gastrointestinal tract, deep vein thrombosis was
incidentally diagnosed in half of the cases (35% of
the total number of cases were pulmonary artery
thromboembolisms), while the other thromboses
were asymptomatic thromboses of the central vein
catheter [73]. What should be done in situations like
this, is not quite clear, however, retrospective research
works and registers show that the data on the mortality
and on the deep vein thrombosis recurrences do
not differ in cases of asymptomatic and clinically
manifesting venous thromboembolisms [74]. Based
on this, the current recommendations propose
a similar approach to therapy, meaning the long-term
anticoagulant therapy both for incidentally diagnosed
pulmonary embolism and in patients with symptomatic
pulmonary artery thromboembolism.

In a recent ASH review [75], the treatment of
incidentally diagnosed venous thromboembolisms
should differ depending on the location of the thrombus.
Anticoagulant therapy is clearly recommended for
proximal thrombosis of the deep veins, for segmental
pulmonary embolism and multiple subsegmental
pulmonary embolism, which are prognostically
significant. However, in cases of isolated subsegmental
pulmonary embolism without the ultrasonographic
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signs of deep vein thrombosis in the lower limbs, it
could be sufficient just to arrange the dynamic clinical
and radiological follow-up.

In the treatment of isolated distal deep vein
thrombosis, there is also no certainty. At least, two
research works [76, 77] have shown that the risk of
fatal outcome, recurrence and major hemorrhage is
similar for deep vein thrombosis in the proximal and
distal segments. These results allow for supposing
that the distal deep vein thrombosis may aggravate the
prognosis in patients with oncology diseases, while the
anticoagulant therapy could be more preferable than
the follow-up tactics.

At the current stage, there is insufficient data
confirming the benefits of anticoagulant therapy, as
well as insufficient data on the treatment dosages and
therapy duration for distal thromboses of the deep
veins [76, 77]. Finally, anticoagulant therapy in cases of
visceral vein thrombosis could be useful for oncology
patients with no high risk of hemorrhages, but the
scientific data regarding this aspect are insufficient.
The recommendations encourage to take an individual
decision in each specific case [78]: in particular,
incidentally detected venous thromboembolisms
should be treated in the same way as the symptomatic
ones, taking into consideration their similar Clinical
outcomes, except for isolated subsegmental
pulmonary embolism.

Repeated venous thromboembolisms

with a background of anticoagulant therapy

The recurrence of venous thromboembolism with
a background of anticoagulant therapy in oncology
patients is not a rare occasion. Low compliance,
temporary cessation of therapy due to hemorrhages
or surgical procedures, inadequate dosing of
anticoagulants, cancer progression or heparin-induced
thrombocytopenia — here is the non-inclusive list of the
possible causes of recurrent venous thromboembolism.
Evidences for each specific treatment are sparse, and the
International Society on Thrombosis and Haemostasis
(ISTH) have empirically proposed for such cases to
use low molecular weight heparins [78]. Patients which
have a recurrence of venous thromboembolism, should
be switched to therapeutic dosages of low molecular
weight heparins, if they are currently receiving therapy
with unfractionated heparin, vitamin K antagonists (with
adequate control of the international normalized ratio)
or direct oral anticoagulants. In patients with oncology
disease and with a symptomatic recurrent venous
thromboembolism, despite the optimal anticoagulant
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therapy with low molecular weight heparins, it is
necessary to increase the dosage of the latter by
25%. In case when an improvement is observed, the
increased dosage of low molecular weight heparins
shall remain for the whole treatment period, and,
in the absence of clinical effect, further dosage
increase can be performed based on the peak values
of anti-Xa activity [7]. For the purpose of preventing
repeated pulmonary embolisms, in certain situations,
a removable cava-filter (IVC) can be implanted [12].

Thus, the specific recommendations for some clinical
situations are not based on the evidences, but rather on
the opinion from the experts. The International Society
on Thrombosis and Haemostasis (ISTH) recommends
the following approach: patients with the recurrence of
venous thromboembolisms, despite the anticoagulant
therapy, shall be switched to low molecular weight
heparins, if they are taking other anticoagulants, or
they should continue the intake of low molecular weight
heparins at higher dosage, beginning from the increase
of the current dosage by 25%.

Cases with high risk of hemorrhages,

patients with thrombocytopenia

Thrombocytopenia (platelet count less than
100x10%1) is a frequent complication of both the
oncological process itself and the certain types
of chemotherapy, in particular, in patients with
hemoblastoses, undergoing the transplantation of
hematopoietic stem cells. Despite the increased risk
of hemorrhages in cases of thrombocytopenia, the
thromboembolic risk in them does not decrease.
Besides, as it was shown by the retrospective
research [79], long-term thrombocytopenia (more than
30 days) is associated with a quadruple increase of
the risk of venous thromboembolism recurrence. To
equilibrate the risk of oncology-associated thrombosis
and the risk of hemorrhages — this is the main problem
in the treatment of thrombocytopenia patients. Not
having scientifically proven data for such cases,
when evaluating the individual risk, one should take
into account the thrombosis burden (dimensions and
location), the time from the onset of the event, past
episodes of venous thromboembolism and its etiology.
For example, catheter-related thrombosis is associated
with lower rate of recurrences or pulmonary artery
thromboembolism comparing to the thrombotic events.
In the same manner, the distal deep vein thrombosis
and accidental subsegmental pulmonary artery
thromboembolism are, apparently, being referred
to the events with lesser risk of massive pulmonary
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embolism [80]. On the other hand, hemorrhage is more
commonly seen in cases of allogenic transplantation of
hematopoietic stem cells, with concomitant coagulation
disorders and hepatic/renal failure. However, the risk of
hemorrhages is poorly studied in the situations, when
the platelet count is within a range from 10x10%I to
50x10%1. According to the latest recommendations from
the Scientific and Standardization Committee of the
International Society on Thrombosis and Haemostasis
(SSC ISTH) [81], due to the higher risk of recurrence
of venous thromboembolism at the acute phase (up to
30 days after the event), it is recommended to use the
full dosage of the anticoagulant, if the platelet count
exceeds 50x10%I. However, as soon as the number of
platelets drops below this level, alternative strategies
should be considered.

For patients with symptomatic segmental or
more proximal pulmonary artery thromboembolism,
proximal deep vein thrombosis or with the recurrence
of deep vein thrombosis in the past, the indications
may include a full-scale anticoagulant therapy and
platelet transfusion (the threshold value is 40x10%1). On
the contrary, for cases of distal deep vein thrombosis,
asymptomatic subsegmental pulmonary embolism
and catheter thromboses, the double decrease of the
dosage is indicated or preventive administration of low
molecular weight heparins, if the platelet count is from
25x10%/1 to 50x10%1. Generally, anticoagulant therapy
shall be ceased in case of thrombocytopenia with less
than 25x10%1 of platelets. In some special situations,
preventive dosages could be used even with the
thrombocytopenia at the level of 10x10%I. The dosage
modification strategy for anticoagulants is based on
the consensus documents of the expert community
and it has no sufficient evidence base [82].

The recurrence risk for pulmonary embolism or
deep vein thrombosis decreases after the first 30 days,
which is why in the subacute or in the chronic period,
the dosage of anticoagulants can be decreased for
the purpose of decreasing the risk of hemorrhages
and preventing unnecessary blood transfusions. In
particular, the decreased dosage (50% of the therapeutic
dosage or preventive dosage of low molecular weight
heparins) is recommended for the platelet counts
from 25x10%I to 50x10%1. The possibility of temporary
cessation of treatment should be considered with the
platelet counts less than 25x10%I. In some patients
with low risk of thrombosis recurrence, it is acceptable
to stop the anticoagulant therapy during the whole
thrombocytopenia period (with the platelet count of
less than 50x10%/1).
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Low molecular weight heparins are currently
the preferable anticoagulant for patients with
thrombocytopenia. The data on the use of direct oral
anticoagulants in patients with oncology-associated
thromboses and severe thrombocytopenia (less than
50x10%1) are not present currently, though some
evidence appear concerning the benefits of such
tactics [83]. Based on the available data, installation of
the cava-filter should be considered only in patients with
absolute contraindication for anticoagulant therapy [84].
In accordance with the recommendations, patients
with venous thromboembolism and thrombocytopenia
(less than 50x10%1) should receive a full dosage of the
anticoagulant and, probably, a platelet transfusion
within the first 30 days after setting the diagnosis of
venous thromboembolism. The preventive dosage of
the anticoagulant can be effective and safe during the
chronic phase of venous thromboembolism in patients
with the platelet count from 25x10%/I to 50x10%/1.

Oncology patients with lesions in the brain

Patients with brain tumors have the highest rates
of venous thromboembolisms among all the patients
with oncology diseases, with rate being just the same
as the one in the patients with malignant neoplasms
of pancreatic gland and gynecological tumors.
Symptomatic venous thromboembolisms develop in
19-29% of the glioma patients — the most widespread
primary tumor of the brain.

There are no systematic reviews in the relation
of intracranial lesions and the rates of venous
thromboembolisms. We can more often see patients
with metastases in the brain. In this case, approximately
20% develop venous thromboembolism. Despite the
fact that the majority of thrombotic events develop after
surgery, the risk of venous thromboembolism persists
for the whole follow-up period. In a prospective
research by A.A. Brandes et al. [85] with 77 patients
having tumors of the central nervous system, which
were followed up for over 2 years after surgery, the
risk of deep vein thrombosis in 24 months had reached
32%. Currently, for this group of patients, the primary
prophylaxis with anticoagulants is not recommended.
The treatment for venous thromboembolisms in
such patients is complicated by multiple factors,
including concomitant diseases and bad working
capacity, drug-to-drug interactions and, primarily,
the possibility of intracranial hemorrhages, which can
be life-threatening. Sadly, but, as of today, there are
very few data that could help in making the correct
decision, because the patients with intracranial
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tumors are, generally, not being included into large
prospective research programs on anticoagulant
therapy. The CLOT research had only 27 patients with
brain tumors, in 2 of which, intracranial hemorrhages
have developed. Special caution should be exercised
when prescribing anticoagulants in patients with
metastases in the brain, especially in some types of
tumors, such as non-small-cell lung cancer or renal
cell carcinoma [86].

The retrospective research employing the case-
control method (by J. Donato et al. [87]) had attempted
to define specifically whether the therapeutic dosage
of anticoagulant increases the risk of intracranial
hemorrhage. The authors have analyzed the data
from 104 patients with venous thromboembolism
and parenchymatous solid tumors and metastases
in the central nervous system, receiving therapeutic
dosages of Enoxaparin, and have compared them
to the data from 189 control oncology patients with
no anticoagulant therapy. The primary tumor of the
brain and hematological malignant neoplasms were
the exclusion criteria in the research. The intracranial
hemorrhage was defined as the measurable when the
focus volume was >1 ml, or as traceable with the volumes
of <1 ml. Besides, each hemorrhage was classified
as significant, if the hemorrhage volume exceeded
10 ml, and symptomatic — in case of neurological
deficit, headache or nausea, changes in the cognitive
functions, or if it required surgical intervention [88].
Based on the results of this research, the mean rate of
intracranial hemorrhages in 1 year from the moment of
treatment initiation was 19% in the Enoxaparin group
and 21% in the control group, no statistically significant
difference was observed between the groups. No
statistically significant differences were detected
when evaluating the individual malignant neoplasms
with a similar rate of events in the Enoxaparin group
and in the control group. The overall survival was also
similar in the Enoxaparin group and in the control group
(8.4 versus 9.7 months; p=0.65). The data from this
research give ground for suggesting that low molecular
weight heparins can be safely prescribed to patients
with metastatic tumors of the brain without increasing
the risk of intracranial hemorrhages.

The current ASCO recommendations do not
consider the presence of intracranial lesions as an
absolute contraindication for anticoagulant therapy.
It is recommended to use an individual approach in
each specific case, while among the anticoagulants,
the preferable ones shall include low molecular
weight heparins.
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CONCLUSION

The approaches to the prevention and treatment of
oncology-associated venous thromboses are rapidly
changing, with new treatment schemes developing.
The universally applicable approach, based on using
only low molecular weight heparins, is being changed
to the individual approaches due to the appearance
of new data on the efficiency and safety of direct oral
anticoagulants. The initiation of treatment with using
direct oral anticoagulants is a novel recommendation
in the majority of professional communities —
it represents a shift in the paradigm of the treatment
for oncology-associated venous thromboembolism.
However, this also means a more complex treatment
scheme with new issues appearing. The physicians
must more thoroughly select the anti-thrombotic
drug, must take into account the risks of recurrences
of venous thromboembolism and hemorrhages, the
potential drug-to-drug interactions, the preferences of
the patient and they also must try to define the best
strategy in each specific case.

As of today, the role of primary prevention of
oncology-associated thromboses is still unclear. The
duration of anticoagulant therapy is not yet completely
understood in oncology patients with venous
thromboembolism. It is difficult to describe the actions
to be taken by the specialist in cases of asymptomatic
thromboses, detected in the oncology patients during
the screening procedures. Taking into consideration
the fact that the cancer patient is referred to the
group of increased risk in terms of developing thrombi
and hemorrhages, the risk stratification still requires
perfection. At the current stage, active research on
biomarkers are carried out, including the genetic
markers, for the purpose of defining the individual
risk. The science is focused on transferring the clinical
tests and translation research works into healthcare
practice. This is an important social task, taking into
consideration the costs, related to the treatment of
oncology-associated venous thromboembolisms, for
the healthcare system.
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CASE REPORT

CLINICAL CASE OF ANEW METHOD FOR THE OPERATIVE
TREATMENT OF A REVERSIBLE FRACTURE OF A HILL-SACHS

S.N. Tichonenkov, A.Yu. Lebedev, G.M. Dubrovin
Kursk State Medical University, Kursk, Russia

ABSTRACT

BACKGROUND: The posterior dislocation of the humerus head occurs up to 4.5% of all cases of
dislocated humerus. Low prevalence and difficulties in diagnosing this type of injury often lead to the
formation of old shoulder dislocations. Old cases of back dislocation of the humerus head, especially
with reversible bone defects, are accompanied by limitations of movement in the shoulder joint,
expressed by pain syndrome. The presence of bone defects in the head of the humerus makes it
necessary to replace the latter with bone or soft tissue structures, in surgical practice tendons of
the subcutaneous and sub-carpal muscles are most often used. In old cases, scar post-traumatic
rebirth is often impossible. CLINICAL CASE DESCRIPTION: The article presents a new method of
operative treatment of the old clutch, in the framework of which the use of a new method of operative
treatment of the reversal fracture of Hill-Sachs with a long-term stuck back dislocation of the shoulder
is considered. The main goal, which is the operative treatment of reversible osteochondral defect up
to 25% of the area of the humerus head, due to the deficiency of bone mass of the shoulder head. By
moving the corrugated tendon of the long head of the bicep to the impaction zone and fixing it with
anchor clamps in the defect zone, resulting in the stabilization of the shoulder joint. CONCLUSION:
The outcome of this clinical case is restoration of the function of the shoulder joint and absence of
clinical symptoms of instability in it in the late postoperative period. The use of the proposed method
of operative treatment makes it possible to reduce the risks of developing postoperative restriction of
movements in the joint, instability of the head of the humerus bone, especially in the long-term cases
of dislocation of the head of the humerus.

Keywords: Hill-Sachs reversal fracture; posterior shoulder dislocation; remplissage; stabilization of the
shoulder joint.
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BACKGROUND

The posterior shoulder dislocation occurs in 2-4.5%
of the cases of traumatic shoulder dislocations [1-3].
In 70% of the cases, the posterior shoulder dislocation
is combined with a reverse osteochondral defect in the
humeral head, known as the reverse Hill-Sachs fracture
[1-3]. As a result of applying excessive traumatic
force during the posterior shoulder dislocation, the
soft-tissue structures, stabilizing the shoulder joint,
are subject to damage, thus, due to the humeral head
affecting the posterior margin of the articular surface of
the scapula upon the internal rotation of the shoulder /
abduction, an impression forms at the anterior-medial
segments of the humeral head.
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According to results shown by the Russian researches
[3, 4], there exist the engaging and the non-engaging
variants of the Hill-Sachs lesion, proposed by S. Burkhart
and J. de Beer. Upon the engaged types of lesion, the
axis of the posterior margin of the articular surface of
the scapula coincides with the impression vector in the
humeral head and the defect imitates the “hooking” of
the posterior-inferior margin of the articular surface of
the scapula. On the contrary, in cases of non-engaging
lesions, the axis of the posterior margin does not match
with the impression vector and the defect is not “hooking”
the margin of the articular surface of the scapula [3, 4].

Unlike the true Hill-Sachs lesion, the reverse defects
are usually not accompanied by significant loss of
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KJIMHUYECKWNIA CNTYYAN

KNNHUYECKUW CNTYYAN HOBOI'O CNMTOCOBA
XUPYPITMYECKOIO JIEHEHUA PEBEPCUBHOTIO
MEPEJIOMA XUJIJTA-CAKCA NMPU 3ACTAPEJIOM
3AUEMJIEHHOM 3AAHEM BbIBUXE MNMJIEYA

C.H. TuxoHeHKoOB, A.l1O. Jle6enes, M. ly6poBuH

Kypckuii rocyaapCTBEHHbI MEAULIMHCKUIA YHUBEpcUTeT, Kypck, Poccus

AHHOTALMUA

O6ocHoBaHue. 3agHuii BbIBUX FOJIOBKU M1€4€BOM KOCTU BCTpevaeTcs B 4,5% Bcex ciy4aeB BbIBUXOB
riie4eBovi KOCTU. Hnskasi pacrpoCTpaHEHHOCTb 1 TPYAHOCTU B ANArHOCTYIKE 4aHHOIro Tyrna noBpexje-
HUVSI 4acTo NpUBOASAT K hOpMUPOBaHUIO 3aCTapeslbiX BbIBUXOB ryieda. 3actapesble CayyYau 3aHero Bbi-
BYIXa rOJI0BKU M/1€4€BOV KOCTU, OCOBEHHO C PEBEPCUBHbLIMY e EKTaMm KOCTHONM TKaHW, CONMpPOoBOX4a-
I0TCS1 OrpaHn4YeHNeM BUXEHWI B r171e4eBOM CyCTaBe U BblpaXXeHHbIM 60/1€BbIM CUHAPOMOM. Hanndne
KOCTHbIX 4EEKTOB rOJIOBKU M1€4E€BOM KOCTY 00YCJ/I0B/INBAET HEOOXOANMOCTb 3aMeLLeHUsT MOCAE4HUX
KOCTHbIMU UJIN MSIFKOTKaHHbIMU CTPYKTYpamu (B XUPYprudeckon rnpakTnke Hambosiee 4acTo rnpuMeHsi-
I0TCS CYXOXWJ/INS MOJOCTHOM M MOA10M1aTOYHON MbILLIL), YTO 3a4acTyi0 HEBO3MOXXHO BbIOJIHUTb B 3a-
cTapesibix c/y4dasix rnpu pyobLoBOM NOCTTPaBMaTUHECKOM NEPEPOXAEHUN rO/I0BKU M/1€HEBOMN KOCTU.
OnucaHune KIMHNYECKoro ciy4as. B ctatee npegcraBieH HOBbIV criocob XupyprndeckKoro J1e4eHusi
pesepcuBHoOro nepesoma Xunna—Cakca rpu 3actapesiom 3agHeM BoiBuxe raeda. Crocob 3aksroyari-
CS1 B BOCIIOJIHEHUY feuumnTa KOCTHON Macchl ro0BKy rieqa (4o 25%) nytém nepemeLyeHns roppu-
[POBaHHOIrO CyXOXWJUS 4JINHHOW FOJIOBKY [BYr/1aBoOM MbllLLbl r1/1€4a B 30HY UMIMPECCUn 1 pukcaymm
€ero aHKepHbIMU hykcaTopamy B 30He AeeKTa, YTO NpuBesao K cTabuanaayuy rie4eBoro cycrasa.
3aknrodeHune. Vicxoqom [aHHOrO KJAMHUYECKOro CJly4Yasl SiBUINCb BOCCTaHOBJIEHUE (BYHKLWU ri/ie-
4YeBOro cycraBa v OTCYTCTBUE KJIMHUHECKUX CUMITTOMOB HECTabubHOCTY B HEM B MO34HEM rocjie-
onepaunoHHom riepuoge. C Haluen TOYKU 3PEHUS, MPEAJSIOXKEHHbIA CrIocob XUPYpPrudeckoro sede-
HVS1 MO3BOJIIET YMEHbBLUNTL PUCK Pa3BUTHS MOCAE0NEPALNOHHOrO OrpaHN4YeHVs1 ABUXEHUI B CycTa-
Be, HECTabUIbHOCTU rOJIOBKU ME4YEBON KOCTU, OCOBEHHO B 3acTapesibix CJ/ly4Yasix BbiBUXa rO/IOBKU
rje4eBovi KOCTH.

KnrouyeBble cnoBa: peBe,OCVIBHbIﬁ repesiom Xunna-Cakca; 3a4HW BbIBUX re4a; PeMriinccaxk, crabu-
Jin3auyuns rijie4eBoro cycrasa.

Ansa yntupoBaHus:

TuxoHeHkos C.H., Jlebeges A.1O., y6posuH M. KnnHndeckunii cnyyain HoBOro cnocoba xmpypruyecko-
ro neyeHnsi pesepcmBHOro nepenoma Xumnna—-Cakca npu 3actapenom 3auenieHHoM 3afgHeM BbiBUXe
nneva. KnvHynveckas npaktuka. 2024;15(3):126-132. doi: https://doi.org/10.17816/clinpract624041
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the bone tissue mass in the humeral head. For the
reason that such lesions rarely occur, they have not
been described in such a detailed manner as the true
engaged Hill-Sachs lesion [1-4].

In the primary diagnostics of such a condition,
there is a number of difficulties, the main of which is
the delayed diagnostics of the posterior dislocation,
reaching up to 80% of the cases [3, 5], which is caused
by incorrect radio-diagnostics or by the insufficient
experience of the Orthopedic Traumatologist. The
incorrect evaluation of the lesion type in the shoulder
joint disorients the Orthopedic Traumatologist and

results in possible mistakes in the further treatment
tactics [3, 5, 6].

In order to stabilize the shoulder joint, except for
case of reconstructing the structures, providing the
joint stabilization, a number of authors recommend
compensating the deficit of the bone tissue [3, 5].
As of today, various methods exist that are being
used for surgical treatment of the impressed reverse
Hill-Sachs fracture, with the methods being directed
to replenishing the deficit of the bone mass in the
humeral head. Three stages were established for the
osteochondral defect of the humeral head depending
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on the deficit of its bone mass: the minor one — less
than 20%, the medium — from 20 to 45%, and the
major one — more than 45% of bone mass loss [6].
In case of the minor osteochondral defect in the
humeral head, McLaughlin’s surgery is commonly
used. The essence of the surgery is that the humeral
head is being openly repositioned and the impression
zone is being filled with the musculotendinous part of
the subscapular muscle tendon.

Many of the surgical methods aimed for stabilizing
the shoulder joint, not always achieve the desired result,
which is why they are still a subject for discussions.
The search for effective surgical methods for stabilizing
the shoulder joint in cases of reverse Hill-Sachs lesion
is still showing its topicality.

We are presenting a clinical case of successful
surgical treatment in a patient with a long-standing
engaged shoulder dislocation and with a reverse
Hill-Sachs fracture (the defect of the humeral head was
25% of the articular surface of the humeral head) using
a novel method of surgical treatment.

CLINICAL EXAMPLE

Information about the patient

The male patient B., aged 60, was admitted to the
clinics on 14.10.2020 with the complaints of pain in the
left shoulder joint and limited motility in it.

Disease history data. The left shoulder joint trauma
was inflicted by an episode of falling from a bicycle on

Fig. 1. X-Ray of the shoulder joint of patient (direct
projection) before surgery.
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his own left arm being extended. Having the complaints
of pain in the left shoulder joint and significant
restriction of motion amplitude, the patient has visited
the Trauma Care facility, where (after the radiology and
clinical examination), the diagnosis set was the “Bruise
of the left shoulder joint”. The procedures performed
included the limb immobilization using scarf bandage
and administering the pain medication. Within the next
two weeks, the pain syndrome did not resolve, the
patient was experiencing significant restriction in the
functions of the shoulder joint. Upon repeated visit, the
patient again underwent immobilization of the upper
limb. Only in 5 weeks the patient has referred to the
clinical hospital.

Physical diagnostics

Upon the clinical examination, the findings were
the following: the left arm is hanging along the trunk
at the internal rotation position. Moderate hypotrophy
was found in the left deltoid muscle. No deformation
was found in the joint, but the palpation reveals some
degree of depression along the anterior surface. The
palpation of the joint is painless. Passive abduction and
flexing in the shoulder — up to 60°, painful. The active
abduction is impossible, flexing — up to 45°. The results
of using the spiral computed tomography have revealed
a defect in the anterior-medial surface of the humeral
head; the area of the impression (into the spongy part
of the bone) is 25% of the area of the humeral head,
while the inclination angle (the misalignment between
the vertical plane and the scapular body axis) is 60°.

Provisional diagnosis

Based on the data from the clinical-instrumental
examination, the diagnosis set was the following: “Long-
standing engaged posterior dislocation of the humeral
head, reverse Hill-Sachs fracture (osteochondral lesion
in the anterior segment of the humeral head with an
impression defect in the bone tissue with a defect area of
25% of the articular surface of the humeral head)”; Fig. 1.

Treatment

At the pre-operation planning phase, as a result of
long-term history of humeral head dislocation (5 weeks)
and the presence of a minor osteochondral defect in the
humeral head (the humeral head defect area is 25% of
the articular surface of the humeral head), performing
the following surgical intervention was planned:
open-access repositioning of the humeral head with
filing the defect with the tendon of the subscapular
muscle (McLaughlin’s surgery).

https://doi.org/10.17816/clinpract624041
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Surgery performed on 16.10.2020. Within the
settings of the endotracheal (intubation) anesthesia,
the deltoid-pectoral access was used to open the left
shoulder joint. Mobilization of the shoulder joint was
carried out by means of dissecting the scars in the
articular cavity, the head of the humeral bone was set
free. Upon the revision, the humeral head is located
at the backward position, engaging the posterior
margin of the articular surface of the scapula (Fig. 2).
Other findings included an osteochondral defect in
the anterior area of the humeral head. The impression
area of the humeral head is located medially from
the minor tubercle and has an area of 0.5x1 cm with
the depth of up to 0.5 cm. The humeral head defect
in the anterior-upper part represents an impression
fracture, the volume of which is 2.8 cm?3. Using the
surgical elevator, the dislocation of the humeral head
was repositioned with further preparing a bed for filling
the defect area (French — remplissage — filling the
defect) using the subscapular muscle tendon (Fig. 3).
However, the attempts of remplissage with submerging
the cicatricially deformed tendon of the subscapular
muscle into the defect area were unsuccessful. The
intraoperative decision was to transfer the tendon of
the long head of the biceps muscle into the impression
zone at the humeral head for filling the bone mass
volume in the humeral head. Further procedures
included the fixation of the tendon in the defect zone
using two anchor screws (Fig. 4). For this purpose,
the tendon of the long head of the biceps muscle was

Fig. 2. Schematic
representation of the
horizontal section of the
shoulder joint with a posterior
dislocation of the shoulder
with a Hill-Sachs defect
hooked over the posterior
edge of the glenoid.

Fig. 3. Schematic
representation of the
horizontal section of

the shoulder joint after
reduction of the posterior
dislocation of the shoulder.

transferred to the impression zone. The proximal part
of the tendon of the long head of the biceps muscle,
originating from its attachment point, was tensioned
and fixated near the upper pole of the impression using
anchor fixation devices. The distal part of the tendon
of the long head of the biceps muscle was tensioned
in the opposite direction and also fixated using anchor
fixation devices near the lower pole of the defect. With
this, the impression zone had a corrugated tendon
adjacent to it, which was filling the defect in the humeral
head (Fig. 5). No further dislocation or semiluxation
was observed when the humeral head was positioned
at the critical points.

Dynamic changes and outcomes

The postoperative period was showing no
abnormalities; the limb was immobilized with the
scarf bandage. The control radiology images show
the correct positioning of the humeral head within the
shoulder joint, with the humeral head projection zone
showing the presence of two anchor fixation devices
(Fig. 6). The immobilization with scarf bandage was
used for 3 weeks with further restoring the mobility in
the shoulder joint.

When analyzing the results of the surgical method
proposed, the evaluation included such criteria as
the presence of clinical symptoms of shoulder joint
instability, the severity of the pain syndrome when
moving the shoulder and the amplitude of active and
passive movements in the shoulder joint. As a result

Fig. 4. Schematic
representation of the
horizontal section of the
shoulder joint after filling
the defect of the humerus
head with a corrugated
tendon with the length of
the biceps head.

www.clinpractice.ru

Fig. 5. Schematic
representation of the
vertical section of the
shoulder joint after filling
the defect of the shoulder
head with a corrugated
tendon of the long biceps
head.
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of surgical treatment, we have managed to completely
restore the functioning of the shoulder joint. The
complete amplitude of active and passive movements
in the shoulder joint has restored in 5 weeks.

Prognosis

The patient has reported a good treatment
result and he could re-gain the previous level of
physical activity. The analysis of the obtained results
performed 3 years after surgery, has demonstrated
the absence of clinical symptoms indicating shoulder
joint instability, as well as the absence of pain
syndrome when moving the limb, no restriction was
found in terms of active and passive movements in

Fig. 6. X-Ray of the shoulder joint of patient (direct
projection) after surgery.

2] b

Fig. 7. Appearance of patient, 3 years after surgery (a);
X-Ray of the shoulder joint of patient, direct projection (b).
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the shoulder joint, no sense of joint instability was
reported by the patient (Fig. 7).

DISCUSSION

The McLaughlin surgery (modified by Neer) is being
used in cases of medium degree osteochondral defects
of the humeral head. The principle of the surgery
includes submerging the subscapular muscle into the
defect zone in the minor tubercle along with its tendon.
The benefit of the said surgery comparing to other
surgical techniques is the more massive and complete
filling of the defect in the humeral head [7]. P.G. Kogan
et al. [8] use the method of humeral head osteochondral
defect plasty using the bone cement. The essence of
the method is that, in order to compensate the deficit in
the humeral head, bone cement should be used along
with screw reinforcement, with the bone cement being
used to form the head surface. Bone replacement
surgeries are used in cases of the humeral head
osteochondral defects having an area of 30-50% [3, 4.
The methods of using the free bone autotransplant or
the allograft, as well as the reverse endoprosthesis
replacement of the shoulder joint — all of the these
are used when filling the large osteochondral defects in
the humeral head [4].

The surgical tactics of treating the patients with
reverse Hill-Sachs lesion is still disputable and depends
both on the bone mass deficit in the humeral head and
on the level of activity observed in the patient [9].

With the increase of the time from the moment
of the shoulder dislocation episode, the soft-tissue
structures stabilizing the shoulder joint undergo
degenerative changes along with the ossification of
the tissues surrounding the shoulder joint. This leads
to the formation of a dense conglomerate, not allowing
(in the majority of cases) for restoring it or using
them in terms of stabilizing the shoulder joint [10].
When dealing with long-standing engaged shoulder
dislocations associated with difficulties in terms of
preserving the soft-tissue structures of the shoulder,
upon dissecting the cicatricially transformed tissues
of the shoulder joint cavity, it is not always possible
to preserve or to restore the cicatricially transformed
tendon of the subscapular muscle, which is why using
it to fill the humeral head defect is not possible [11].
A number of authors suppose that the thickness of the
cicatricially transformed tendon of the subscapular
muscle complicates placing it into the longitudinal
defect of the humeral head, while filling the defect with
the tendon may result in restriction of the motion range
in the shoulder joint [12].
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From our point of view, the choice of surgical
treatment tactics for cases of reverse Hill-Sachs
fracture depends on the dimensions and on the depth of
the humeral head defect. In case of the osteochondral
defect in the humeral head (up to 25% of the humeral
head area), a remplissage method can be employed
with using the tendon of the long head of the biceps
muscle. The method of surgical treatment for cases of
reverse Hill-Sachs fracture proposed by us, has been
applied for an invention — 2023132902/20(072680)
on 11.01.2024.

CONCLUSION

The method for surgical treatment developed by us,
can be recommended in cases when the impression
area in the humeral head is up to 25% of the humeral
head surface area, with the inclination angle being 60°.
In cases of the reverse Hill-Sachs fracture, the use of
remplissage with the tendon of the long head of the
biceps muscle can represent a competitive method for
comparing it to other surgical techniques.
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