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Diagnostics and Treatment of Patients with Chronic Limb Ischemia
(Single-Center Experience)
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ABSTRACT

BACKGROUND: The success of treating the patients with chronic ischemia of the lower limbs consists of
a number of components, such as the full-scale diagnostics; the re-vascularisation volume, the therapeutic
means (including the use of modern developments in angiogenesis); the engagement of specialists
from the adjacent fields. AIM: the improvement of treatment results in patients with chronic ischemia in
the lower limbs and developing an optimal treatment and diagnostic algorithm for this group of patients.
METHODS: The analysis included the treatment results of 218 patients with chronic ischemia of the lower
limbs (136 males, 82 females; the mean age was 67+6 years), of which 144 patients were operated, 74 were
treated conservatively. Diagnostics and examination methods: ultrasound angioscanning, single-photon
emission computed tomography combined with three-phase scintigraphy and computed tomography,
consulting by a neurologist and a cardiologist, electroneuromyography by prescription from the neurologist
and additional examinations by prescription from the cardiologist. The follow-up was implemented as the
control out-patient examinations or upon the repeated hospitalization. The follow-up period was 6 months.
RESULTS: The distribution of patients by the degree of ischemia as per the classification by A.V. Pokrovsky
was the following: IA — 57 (26.1%), IIB— 31 (14.2%), lll — 42 (19.2%), IV — 88 (40.5%) patients. The number
of open-access surgeries conducted was 56 (25.7%), with 64 endovascular (29.4%) and 24 hybrid ones
(11.0%); conservative therapy was administered to 40 patients (18.3%), conservative therapy accompanied by
additional administrations of plasma-free auto-platelet lysate — 34 (15.6%). In the group of operated patients,
there were no significant differences depending on the method of surgical treatment at the early post-
surgery period and after 6 months of follow-up (p >0.05). Among the patients receiving conservative therapy,
the best results at the follow-up of 6 months were reported in patients, in which the standard therapy was
accompanied by stimulation of angiogenesis with auto-platelet factors (p <0.05). The presence of ischemic
neuropathy was investigated in 98 patients. Neuropathy was detected in 69 cases using the method of
electroneuromyography. After prescribing the neurotropic therapy, resolving of neuropathic pain was reported
in 52 (75.4%) patients. CONCLUSION: The multi-disciplinary approach developed by us for the diagnostics
and treatment of patients with chronic ischemia of the lower limbs, allows for improving the treatment results,
while the extended spectrum of diagnostic methods allows for evaluating the risk factors, for determining the
optimal treatment tactics and for objectively evaluating the dynamic changes of the patient status.

Keywords: chronic ischemia of the lower limbs; plasma-free lysate of autologous platelets; three-phase
scintigraphy; ischemic neuropathy; re-vascularisation.
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BACKGROUND

Chronic ischemia of the lower limbs is a socially
significant disease of the XXI century. According to the
data from the World Health Organization, the impairments
of the arteries in the lower limbs take the third place
within the structure of atherosclerotic diseases, which
is 3% of the whole population worldwide [1]. Upon the
progression of chronic ischemia in the lower limbs,
critical ischemia in the lower limbs develops, which,
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in turn, in the absence of providing medical aid at the
period of 6 months, can lead to amputations in 40% of
cases and shows 20% mortality [2].

In the absence of indications for surgical
re-vascularisation or the absence of the possibilities
of its conduction, the actual issue is developing
new methods of therapeutic means, primarily the
use of therapeutic angiogenesis. The methods of
angiogenesis were a subject of multiple research
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OPUTUHAJIbHOE NCC/TTIEAOBAHUE

AnarHocTuka n neyeHve NaLeHToOB C XPOHNUYECKON uwemMmmen
HWKHNX KOHeYHOoCTen (OnbIT O/HOro LeHTpa)

.M. Muxannos, H.B. bopoBkoBa, 5.B. Ko3nosckui1, U.H. MoHomapés, IP. Pama3aHos,
H.E. KypgpsiwwoBa, B.A. ApyctawmsiH, E.B. LLleB4eHko, J1.C. Kokos, J1.T. XamupgoBa

Hay4Ho-uccnepoBaTenbCKuin UHCTUTYT CKopoii nomoLuy umenn H.B. Cknndocosckoro, Mockea, Poccusi

AHHOTALNA

O6ocHoBaHume. Ycriex 1e4eHs1 60JIbHbIX C XPOHUYECKOU ULLIEMUNEN HUXXHUX KOHEYHOCTEN CKJ1ablBaeTCsl
U3 psifa COCTaBJISOLMX, TaKuX Kak roJIHOLUeHHas AnarHoCcTuka; OObEM peBacKyispusaLmny, TepanesTy-
YeCcKux Mep (B TOM 4ucie NMpUMeHEHNEe COBPEMEHHbIX Pa3paboTok B 06/1aCTy aHrMoreHes3a); npusieye-
HMe CMeXHbIX crneymaanctos. Ljenb nccnegoBaHnsi — yrydileHVe pesysibTaTtoB JIeHYeHUs MnauneHToB
C XPOHUYECKON MLLIEMUNEN HVDKHUX KOHEYHOCTEN U paspaboTka OnTuMasibHOro ae4ebHo-auarHoOCTu4ecC-
KOro anroputma 4/ AaHHOU rpynnbl naymeHToB. Metoasbl. [poaHan3npoBaHbl pPe3ybTaTbl JIeHEHNS
218 nauneHToB C XPOHUYECKON ULLIEMUNEN HVXKHUX KOHEYHOCTEN (136 My>XX4uH, 82 XEeHLUWHbI; CPERHUI
Bo3pacT 67+6 neT), n3 Hux 144 naymeHTa rnpoonepupoBaHbl, 74 — rposiedeHbl KOHcepBaTuBHO. MeTo-
bl AnarHOCTUKY 1 0BCIe[0BaHWS: yY/IbTPa3ByKOBOE aHIMOCKaHUPOBaHWe, OHOMOTOHHAs SMUCCUOHHAs
KOMIbIOTEpHAasT TOMOrpagusi, cCoBMeLEHHasi ¢ TPEXAasHOW CUMHTUrpagpuen u KOMIMbIOTepHOW TOMO-
rpagpuesi, KOHCY/IbTUPOBaHNe HEBPOJIOrOM U KapAWOJI0roM, 3/1EKTPOHENPOMUOrpapus no HasHa4eHo
HeBposiora v [OMNOSHUTE/IbHbIE 00CIe[0BaHNs 0 Ha3Ha4dYeHWo Kapavosaora. [vuHamuky oueHVBam
Ha KOHTPOJIbHbIX aMby1aToOpHbIX OCMOTPax smbo rpu NMOBTOPHOW rocnintann3auun. Cpok HabogeHnss —
6 mecsueB. Pe3ynbrartbl. PacripefeneHve nayneHToB ro cterneHsm viuemum rno A.B. [TokpoBCcKomy bbiio
cnegyrowyum: lIA — 57 (26,1%), II6 — 31 (14,2%), Il — 42 (19,2%), IV — 88 (40,5%). OTKpbITbIX XUPYP-
rM4eckux orepaymii BbINnosHeHo 56 (25,7%), aH[oBacKynspHbIx — 64 (29,4%), rnbpuaHbix — 24 (11,0%);
KOHcepBaTuBHoe seqeHne nosayy4nan 40 (18,3%), KoHcepBaTUBHOE sieHeHve, [OMO/THEHHOE BBEAEHNEM
becriasMeHHOro nsara ayTorpomboumnTos, — 34 (15,6%). B rpynne npoonepupoBaHHbIX 60/bHbIX 3Ha-
YUMbIX pPas/iNymii B 3aBUCUMOCTU OT METOAA XPYPrnYEeCKOro JIe4eHUs1 B paHHEM roc/aeonepayoHHOM
rniepuoge v cryctsi 6 mecsieB HabogeHns1 He 6bi1o (p >0,05). Cpeau 60/bHbIX, MO1yYaBLUMX KOHCEpPBa-
TUBHYIO Teparuio, Jy4dLune pesybtaTtbl YHepes 6 mecsayeB HabmogeHnss OTMEYEHbI Y NaLUneHToB, KOTOPbIM
cTaHgapTHas Tepanus Oblaa 4OroIHeHa CTUMYISLMEN aHrnoreHe3a ayToTPOMOOLNTaPHbIMY (hakTopamm
(p <0,05). Ha npegmet nwemmnydeckon Heviponatum obcnegoBaHo 98 naumeHToB. Heviponatyus MeTogom
37IEKTPOHEpOoMuorpagum BoisisrieHa B 69 ciydasx. [locne Ha3Ha4YeHVs1 HeyipOTPOMNHOW Tepanuv Kynvpo-
BaHWe HerpornaTu4eckux 6oner otme4deHo y 52 (75,4%) naymeHToB. 3aknrodeHne. Pa3paboTaHHbI Hamuy
MYIBTUAUCLNMIMHAPHBIV MOAX0A K ANAarHOCTUKE U JIEHEHMIO NaUNEeHTOB C XPOHUYECKOM ULLIEMUEN HUXKHUX
KOHEYHOCTEW MO3BOJISIET YIyHLLNTb PE3Y/IbTarhl JIEHEHWS, & PACLUMPEHHBIV CMEKTP ANarHOCTUHECKUX Me-
TOAMK TOMOraeT OrNpe[enTs (hakTopbl PUCKA, BbIOpaTs ONTUMAJIbHYH JIeYEOHYI TaKTUKY M OO LEKTUBHO
OLEHUTb AUHaMVIKy COCTOSIHUS MaLMeHTOB.

KnroueBbie CJI0Ba: XPOHNYECKAs VLLIEMUST HYXKHUX KOHEYHOCTeH; 6ecriasMeHHbI n3aT ayTonornyHbIX
TPOMOOUMTOB; TPéXhasHast CUMHTUIPAUS; ULLIEMUYECKas! HerpornaTusi; PeBacKy/IspusaLms.

Ansa yntuposaHus:

Mwuxannos W.I., Boposkosa H.B., Kosnosckuii B.B., NoHomapés N.H., PamasaHoB [.P., Kyapsio-
Ba H.E., ApyctamsaH B.A., LLlesuyeHko E.B., Kokos J1.C., Xamugosa J1.T. uarHocTuka n neyeHne naum-
€HTOB C XPOHMNYECKON NLLIEMUEN HUXKHUX KOHEYHOCTEN (OMNbIT OOHOMO LeHTpa). KimMH1nYeckas npakTuka.
2025;16(2):7-14. doi: 10.17816/clinpract677262 EDN: HSNNNQ

MocTtynuna 17.03.2025 MpuHaTa 13.05.2025 Ony6nnkosaHa online 21.06.2025

works, with proving its efficiency in the patients with
intermittent claudication and in groups of patients with
minor trophic lesions [3-5]. But, even when saving the
limb or when decreasing the degree of ischemia, the
quality of life in a patient can be significantly decreased
due to peripheral neuropathy. In case of chronic
ischemia in the lower limbs, the peripheral nerves
experience certain morphological reorganizations.
Upon performing the reconstruction and morphological

remodeling of soft tissues, the process may affect
the peripheral nerve with the development of
compression-ischemic neuropathy [6, 7].

Upon the modern view on the problem, it becomes
evident that the success of treating patients with
chronic ischemia of the lower limbs includes several
components: a complex set of modern diagnostic
methods; re-vascularisation of the limb, the extent
of which is evaluated by a group of specialists; the
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extension of therapeutic means (including the use
of developments in angiogenesis); the involvement
of specialists from adjacent fields.

The research work presents an experience of
treating the patients with chronic ischemia of the
lower limbs according to the developed algorithm.

Research aim — improvement of treatment results
in the patients with chronic ischemia of the lower limbs
and developing an optimal treatment and diagnostic
algorithm for this group of patients.

METHODS
Research design
Retrospective single-center observational.

Conformity Criteria

Inclusion criteria: chronic ischemia of the lower
limbs; atherosclerotic origin of the disease; age from
45 to 90 years old.

Exclusion criteria: severe heart failure; acute
myocardial infarction dated less than one month
without the re-vascularisation of the myocardium;
acute impairment of cerebral circulation dated less
than one month; thromboangiitis; oncology diseases
with low survival prognosis.

Research facilities

The research included patients treated at the
Vascular Surgery Department of the State Budgetary
Healthcare Institution “Sklifosovsky Institute for
Emergency Medicine of the Healthcare Department of
Moscow City” (SBHI Sklifosovsky IEM, HDM) during
the period from 2022 until 2024.

Medical Procedure Description
The diagnostic algorithm included the following
diagnostics methods:

® ultrasound angioscanning with measuring the ankle-
brachial index: the “first line” examination method,
allowing for visualizing the arterial circulation
system of the lower limbs, for evaluating the blood
circulation parameters and the type of plaques;

e the hybrid method (three-phase scintigraphy —
single-photon emission computed tomography,
combined with computed angiography, or SPECT/
CT-angiography): the method allows for visualizing
the arterial circulation system in the lower limbs
and shows the objective data on the status of
microcirculation. The three-phase scintigraphy with
osteotropic radiopharmaceutical Tc®°-Pirfotech,
unlike the transcutaneous oxymetry, provides

a possibility of localizing the zones of depleted

microcirculation and its extent. Upon the dynamic

examination, one can observe the changes in the
distribution of the radiopharmaceutical, which
objectively reflects the improvement/aggravation

of blood supply in the tissues [8];
® general methods of examination, such as

electrocardiography, echocardiography, chest
cavity X-ray, as well as ultrasound angioscanning of
the brachiocephalic arteries, coronary angiography
according to indications from the cardiologist —
for the evaluation of risk factors in patients;

® electroneuromyography of peripheral nerves was
used according to the prescription by the neurologist
for the purpose of verifying the lesions of peripheral
nerves with a background of impaired blood supply
in the lower limbs;

e consulting by the specialists: the patients were
obligatory assessed by the cardiologist and by the
neurologist (the cardiologist detects and corrects
the cardiac risk factors; the examination and
medical supervision by the neurologist is necessary
for detecting the neuropathies and prescribing
medicines for their correction).

On an aggregate basis of the examinations
conducted during the combined assessment with
the radio-endovascular surgery specialists, a tactics
of in-patient treatment was defined. It is worth
noting that all the patients with chronic grade IIA
ischemia in the lower limbs, as well as with chronic
grade 1IB ischemia of the lower limbs, in which, with
a background of therapy, the degree of ischemia was
decreasing, according to the recommendations [9],
were not considered as candidates for surgery, also,
the patients with higher degree of ischemia were
considered inoperable in case of unsatisfactory status
of the distal arterial circulation system or in cases of
severe concomitant diseases. As for the other patients,
a decision was drawn up on the extent and the type
of surgical intervention: open-access reconstruction,
endovascular intervention or hybrid surgery.

For the purpose of therapeutic angiogenesis,
a medicinal product based on the autoplatelet
pro-angiogenic  factors was  developed —
a plasma-free lysate of autologous platelets. The
application of this medicine in inoperable patients has
shown satisfactory results [9, 10].

Research findings
Main research outcomes: decreased degree of
ischemia, preserving the limb.
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Additional criterion for operated patients: passability
of the reconstructed area after a certain follow-up
period; healing of wounds in cases of open-access
interventions; local wound-related complications.

Additional criterion for all the patients: improvement
in the distribution of the radiopharmaceutical according
to the data from three-phase scintigraphy; decreased
intensity of neuropathic pain.

Methods of registration of outcomes

The control procedures were arranged during the
control out-patient examinations or upon the repeated
hospitalization in 3 and in 6 months after treatment
with implementing the whole diagnostic algorithm.

Statistical analysis

The statistical analysis of data was carried out
using the STATISTICA software version 10.0. The
following nonparametric methods were used: x?-test,
Mann-Whitney test and McNemar’s test. The
statistically significant differences were considered the
ones with p <0.05.

RESULTS

Research sample (participants)

A total of 218 patients with chronic ischemia of the
lower limbs were treated, of which 136 were males and
82 were females, the mean age of which was 67+6 years
(Table 1). Surgical interventions were performed in
144 patients, conservative therapy was used in 74. The
research included patients with chronic ischemia of the
lower limbs of atherosclerotic origin with grades 11B-1V
according to the classification by A.V. Pokrovsky.

Main research outcomes

In general, based on the results of combined
examination and discussions on the treatment concept
for the patients, three groups of surgical interventions
can be isolated: open-access reconstruction,
endovascular interventions and hybrid surgeries. The
extent and the type of interventions were determined
by the type and the level of lesions in the arteries along
with the spreading of the impairment. The types of
surgical interventions and the methods for therapeutic
correction are provided in Fig. 1 and in Tables 2
and 3 — the results of surgical and conservative
therapy used in patients, respectively.

Upon the paired comparison of the surgical groups,
we did not reveal any significant differences (p >0.05,
Mann-Whitney U-test). Taking into consideration
the small rate of amputations and mortality, these

ORIGINAL STUDY ARTICLE

Table 1
Clinical-demographic characterization of patients
Parameter Patients,
n (%)

Gender:
e males 136 (62.4)
e females 82 (37.6)
Age, years 67+6
Ischemic heart disease 180 (82.6)
Hypertensive disease 192 (88.1)
Chronic kidney disease, compensation 58 (26.6)
Obesity 126 (57.8)
Chronic cardiac failure, compensation 92 (42.2)
Smoking 126 (57.8)
Degree of ischemia acc.
to the Fountain—Pokrovsky:
e IIA 57 (26.1)
* IIB 31 (14.2)
o 1l 42 (19.3)
o IV 88 (40.4)

[ Open-access surgical reconstructions
Endovascular interventions
B Hybrid surgeries

Conservative treatment with plasma-free
auto-platelet lysate

Conservative treatment

Fig. 1. The methods of treating patients with chronic
ischemia of the lower limbs, %.

parameters were not statistically evaluated. Thus,
a conclusion can be made that it is justified to choose
the surgical tactics depending on the type, the location
and the spreading degree of the atherosclerotic lesions
in the arteries of the lower limbs.
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Results of surgical treatment arranged for the patients, n=144

Parameter

Improvement at the early time period

Passability of re-constructed areas
at the 6 months’ time point

Re-thromboses
Repeated surgeries
Amputations
Mortality

Table 2
Surgical interventions, n (%)
Open-access surgery Endovascular Hybrid
n=56 n=64 n=24
52 (92.8) 60 (93.8) 23 (95.8)
48 (85.7) 53 (82.8) 20 (83.3)
8 (14.3) 11 (17.2) 4 (16.7)
5(8.9) 7 (10.9) 2 (8.3
1(1.8) 1(1.6) -
1(1.8) 1(1.6) -
Table 3

Results of conservative therapy arranged for the patients, n=74

Parameter

Decreased ischemia degree within 6 months

Surgeries within 6 months due to developing
indications

Amputations
Mortality

Note. PFAPL — plasma-free auto-platelet lysate.

When evaluating the results of conservative therapy,
after 3 and 6 months of follow-up, we have observed
better results for all the parameters in a group of
patients, in which standard therapy was accompanied
by stimulation of angiogenesis with autoplatelet
factors (p <0.05, Mann-Whitney U-test).

The examination purposed to reveal the presence
of  post-ischemic and  compression-ischemic
neuropathies was carried out in 98 patients: signs
of impaired conductivity were reported in 69 (70.4%)
patients, of which 40 were operated and 29 were
receiving conservative therapy, including the one with
using the auto-platelet lysate. Ischemic peripheral
neuropathy was diagnosed in 50 patients, mixed-type
form — in 19. All the patients had received prescriptions
of neurotropics from the neurologist at the out-patient
phase. According to the questionnaires, the pain
syndrome regressed in 52 (75.4%) patients.

Based on the satisfactory treatment results, we have
developed a treatment-diagnostic algorithm for patients
with chronic ischemia of the lower limbs (Fig. 2).

DISCUSSION

This article demonstrates the experience of
treating the patients with chronic ischemia of the lower
limbs with an extension of the range of diagnostic

Conservative Conservative + PFAPL

n=40 n=34
28 (70.0) 28 (82.4)
12 (30.0) 6 (17.7)

2 (5) 1(2.9

12.5) ;

procedures and with the multidisciplinary approach.
A wide spectrum of patients is presented in terms of
the degrees of ischemia, but it is worth noting that
40.5% were the patients with chronic ischemia of the
lower limbs stage IV according to the classification by
AV. Pokrovsky. This segment was the exact source
of lethal outcomes and amputations, nevertheless,
even in patients with critical ischemia we managed to
achieve the general relatively low rates of unfavorable
outcomes.

For achieving better results, for timely detection of
risk factors and for improving the quality of life for the
patients, we actively involve the specialists from the
adjacent fields — cardiologists and neurologists.

Three-phase scintigraphy has proven itself as an
irreplaceable objective method showing the status
of the ischemic tissues and the dynamic changes of
their status with a background of therapy [8], while
performing this examinations using the hybrid-mode
equipment (SPECT/CT-AG) allows for shortening the
duration of the examination.

The principally new method of treating the inoperable
patients or patients with intermittent claudication is
the type of therapeutic angiogenesis — the use of
plasma-free lysate of autologous platelets, allowing for
improving the results of conservative therapy.
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¢ Ultrasound angioscanning of arteries in the lower limbs

ORIGINAL STUDY ARTICLE

¢ Single-photon emission computed tomography, combined with computed angiography

Coronary angiography

Consulting by a cardiologist,
by a neurologist

Ultrasound angioscanning
of the brachiocephalic
arteries

Staging of ischemia, assessment by radio-endovascular surgery specialists

A
Inoperable patients

Conservative therapy +
plasma-free auto-platelet lysate

1B-IV

Surgical treatment:
e open-access surgical reconstruction
e endovascular intervention
e hybrid surgery

Diagnostics of peripheral neuropathy (electroneuromyography); prescriptions from an angiosurgery specialist,
a neurologist, a cardiologist (vasotropic, anticoagulant, desaggregation therapy, neurotropics, cardiotropic therapy)

Control (out-patient or repeated hospitalization)

Fig. 2. Treatment-diagnostic algorithm for patients with chronic ischemia of the lower limbs.

The research included the patients with chronic
ischemia of the lower limbs, meeting the inclusion
criteria. Of course, the operated patients and the
patients, receiving conservative therapy, represent the
groups of patients that are inhomogeneous in terms
of outcomes and possible complications. We did not
arrange the comparison of these groups of patients
between each other, for the research aim was the
improvement of treatment results both in the operated
and non-operated patients by selecting the optimal
method for the therapy and prevention of possible
complications, the most frequent of which were the
early thromboses, leading to amputations, as well as
the peripheral neuropathy [10].

Research limitations

The limitations of the research were the absence
of separation of patients into groups by the degree of
ischemia or by the level of impairment, as well as the
relatively short follow-up period. The pending issue
remaining is the periodicity of using the therapeutic
angiogenesis, the duration of neurotropic therapy
in patients with post-ischemic neuropathy and the

treatment methods for operated patients with longer
(over 6 months) durations, for in this case a significant
increase is expected in the rates of re-thromboses
and repeated surgeries.

CONCLUSION

The multi-disciplinary approach developed by
us for the diagnostics and treatment of patients
with chronic ischemia of the lower limbs allows
for improving the treatment results. The extended
spectrum of diagnostic methods allows for evaluating
the risk factors and for determining the optimal
treatment tactics in patients with chronic ischemia of
the lower limbs, as well as for objectively evaluating
the dynamic changes of their status.
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The Effectiveness of Neoadjuvant Chemotherapy Prior
to Proton Beam Therapy for Head and Neck Tumors

A.V. Nezvetskiy', I.V. Nezvetskaya', Yu.D. Udalov?
! Federal Scientific Clinical Centre for Medical Radiology and Oncology, Dimitrovgrad, Russia;
2 State Research Center — Burnasyan Federal Medical Biophysical Center of Federal Medical Biological Agency, Moscow, Russia

ABSTRACT

BACKGROUND: Malignant tumors of the head and neck are a significant problem in modern oncology,
as they occupy an important place in the structure of morbidity and mortality of the population. According
to the Ministry of Health of the Russian Federation, 674,587 new cases of malignant neoplasms were
registered in 2023, of which 25,038 cases were tumors of the head and neck. AIM: of the study was to
evaluate the effect of induction drug therapy on the treatment outcomes of patients with locally advanced
tumors of the head and neck who received radiation treatment using proton therapy, IMPT technique
(intensity modulated proton therapy). METHODS: The retrospective study included an analysis of the
medical records of 103 patients with head and neck tumors, who were divided into two groups: patients
who received induction chemotherapy followed by proton chemoradiotherapy (n=50), and patients
who did not receive induction antitumor treatment before starting proton chemoradiotherapy (n=53).
T-tests for independent samples were used to assess differences between patient groups. The statistical
significance of the differences was considered at a level of p <0.05. RESULTS: The median follow-up
was 13.4 months (IQR: 11.6-21.6 months). The average follow-up time was 15.7+7.8 months. In the
group of monitored patients, none interrupted planned treatment, and therapy was completed on time.
In the induction chemotherapy followed by proton chemoradiation therapy group, the average OS was
27.65 months (95% CI: 24.46-30.85), while for the proton chemoradiation therapy groups it was 27.27 months
(95% CI: 22.15-31.72), which was a statistically insignificant difference (Chi-squared 0.776, p=0.378). The
median OS for both study groups was not reached. The progression-free survival assessment showed that the
average time to progression in the induction chemotherapy followed by proton chemoradiation therapy group
was 23.1 months (95% CI: 19.6-26.6), versus 21.2 months (95% CI: 16.7-25.7) in the proton chemoradiation
therapy group. The incidence of grade 1 leukopenia was 30% in the induction chemotherapy followed
by proton chemoradiation therapy group versus 20.8% in the proton chemoradiation therapy group, the
incidence of grade 3 disorders was 26% in the induction chemotherapy followed by proton chemoradiation
therapy group and 11.3% in the proton chemoradiation therapy group, and grade 3 complications were
noted only in the induction chemotherapy followed by proton chemoradiation therapy group (12%). These
differences are statistically significant (p <0.01). CONCLUSION: This study demonstrated that induction
chemotherapy does not improve overall survival and progression-free survival in patients with locally
advanced squamous cell carcinoma of the head and neck receiving proton chemoradiotherapy.

Keywords: neoadjuvant therapy, tumors of the head and neck area, proton therapy.
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BACKGROUND

Malignant tumors of the head and neck area
represent a significant problem in modern oncology,
for they take an important place within the structure
of the morbidity and mortality of the population.

© Eco-Vector, 2025

According to the data from the Ministry of Health of
the Russian Federation, in 2023, a total of 674,587
new cases of malignant neoplasms were registered,
of which 25,038 cases were the tumors of the head
and neck area [1].
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OPUTUHAJIbHOE NCC/TTIEAOBAHUE

O¢$PeKTNBHOCTb HEOAADIOBAHTHON XMMOTEpanun
nepepa NPOTOHHON NyYeBON Tepanuen onyxosien
ronoBbl N LWWen

A.B. HesBseukwuii!, U.B. HesBeukas', H0.[l. Yaanos?
1 depepasbHbIil HayYHO-KIMHUYECKUI LIEHTP MEAULVIHCKOI Paguonorum n oHkonorum, OumnTtpoBerpag, Poccus;
2 MepepanbHbIii MEOULIMHCKIN Gnoduandeckuii LeHTp uMeHn A.W. BypHassaHa, Mocksa, Poccusi

AHHOTALNA

O6ocHoBaHMe. 3/710Kka4eCTBEHHbIE OrTyXOJI/ rOJ/I0BbI M LLIEV MPEACTaBISIIOT COO0M 3Ha4YUMYHO rpobaemy
B COBPEMEHHOM OHKOJIOMW, Tak Kak 3aHNMaroT BaKHOE MECTO B CTPYKType 3ab0/1eBaeMOCTU 1 CMepT-
HocTtu HaceneHus. o gaHHbIM MuH3sgpasa Poccun, B 2023 rogy 3apernctpupoBaHo 674 587 HoBbIx
CJ/ly4aeB 3/10Ka4eCTBEHHbIX HOBOOBpa3oBaHmii, n3 KOTopbix 25 038 cocTaBuiv OryXosiv rosioBbl v LLEW.
Llenb nccnepgoBaHnsi — OLEHUTb B/INSIHUE WHAYKLUWOHHOV JIEKapPCTBEHHON Teparnuy Ha pe3y/ibTaTtbl
JIe4YEeHUS MayUeHTOB C MECTHOPACMPOCTPaHEHHbIMY OMyXOJISIMU FOI0BbI U LUEU, MOJTYYUBLUNX JTyH4EBOE
JIeHeHne MeTo4OM MPOTOHHOM Tepanun, metogukon IMPT (mpOoToHHasi Tepanusi ¢ MOAYJ/IMPOBaHHOM
MHTEHCUBHOCTbI0). MeTogbl. PETPOCNEKTNBHOE NCCIe[0BaHNE BKOYa/I0 aHa N3 MeauUUHCKUX KapT
103 nayneHToB C Oryx0JisiMy roJs1I0Bbl U LLIEU, KOTOPbIE Obl/v pasaesieHbl Ha 4Be rpy bl NayneHTsbl, ro-
JlyHaBLUne UHOYKUYMOHHYIO XUMUOTEPArO C MOCAEAYIOLMM MPOBEAEHNEM MPOTOHHOM XUMUOJTYHEBOM
Tepanun (n=50), n NaymeHTbl, He MoJyYaBLUNe VHAYKLUNOHHOIO MpOTHUBOOMYX0/IEBOro Je4eHUs: 4O Ha-
Yasia rnpOTOHHOM XUMUOJTyHeBou Tepanuu (n=53). [ o4eHKU pa3nnygmni Mexxay rpyrnamy naymeHToB
npUMeHsiv t-TecT A1 He3aBUCUMbIX BbIOOPOK. CTaTncTnyieckasi 3Ha4MMOCTb Pa3/INynii CYATaNach rnpu
ypoBHe p <0,05. Pe3ynbraTtbl. CpegHee BpeMsi HabogeHnst 3a nayneHTamy coctaBuio 15,7+7,8 me-
csya, megnaHa HabmrogeHns — 13,4 mecsiya (IQR 11,6-21,6). B rpynne OTC/Ie)XKeHHbIX MaLneHTOB HU
Of4VIH He rpepBaJl naaHoBOro Je4eHs, Tepanus 3aBepLueHa B yCTaHOBJIEHHbIV CPOK. B rpynne nayveH-
TOB, MOJIYYNBLLNX VHOYKUMOHHYIO XUMUNOTEPANWIO C rOCAEAYIOLNM POBELEHNEM MPOTOHHON XUMUO-
JIy4eBOV Tepanuy, cpeaHsisi obLyasi BbKMBaeMoCTb cocTaBuna 27,65 mecsiya (95% AU 24,46-30,85),
Torga Kak 4715 rpynnbl naymeHTOB, He MOJyYaBLUnX UHAYKYMOHHOIO MPOTHUBOOMYX0/IEBOI0 JIeHEHUS
[0 Hadasa rnpOTOHHOM XUMWOJTyHeBow Tepanun, — 27,27 mecsiya (95% AW 22,15-31,72), uTo siB/isiiock
CTaTUCTUYECKU HE3HAYNTeIbHbIM pasanynem (Xu-kBagpat 0,776; p=0,378). OuyeHka Bb>XKMBAeEMOCTU
6e3 rnporpeccypoBaHUs nokasasa, 4To CpegHee BPeMs [0 MPOrpeccupoBaHns B rpyrnne NHLYKUMOH-
HOV XyMmoTepanuy C rnocaenyroLwyM rMpoOBEeAEeHNeM MPOTOHHOM XUMUOJYHEeBOW Tepanumy COCTaBuIo
23,1 mecsya (95% AW 19,6-26,6) npotus 21,2 (95% AW 16,7-25,7) B rpyrnne npOTOHHOM XUMUOJTyHe-
Bovi Tepanun. Yactorta nevikoneHun | crerneHn coctasuaa 30% B rpynne ¢ MHAYKLNOHHBLIM XUMUOTepPa-
nesTu4eckumM seveHviem npotus 20,8% B rpyrnne 6e3 MHAYKLMOHHON XUMuoTepanum, 4actora passu-
1S HapyLieHni Ill cteneHn — 26% v 11,3% cOOTBETCTBEHHO, NPy 3TOM OC/I0XXHEHWS Il cTeneHn bbiin
OTMeYeHbI TOJIbKO B rpyrne nayneHToB, MoJaydaBLUnX UHAYKLUNOHHY xumuoTeparnvio (12%). [daHHbie
pasnnyns SIBASIKOTCST CTaTUCTUYECKU 3HaYuMbiMu (p <0,01). 3aknrodeHune. VIHQyKUNOHHAasT XUMUNOTe-
panusi He yay4qluaeT OOLYy BbIKMBAEMOCTb U BbIKMBAEMOCTb 6e3 rMporpeccmnpoBaHys y nayneHToB
C MeCTHOPAacrnpoOCTPaHEHHbIM M/I0CKOKIETOYHbIM PaKOM rOJ10Bbl U LUEU, MOJ1yHaroLmX MPOTOHHYK XU-
MUOJTyHEBYIO Teparnumio.

Knro4eBbie cnoBa: HeoagbloBaHTHas Tepanrnwvs,; oriyxXoJiv roJsioBbl U LLIen,; NnpOTOHHas Jiy4deBas Teparivs.

Ana yntuposaHus:

Hesseuknii A.B., Heseeukas W.B., Ypanos I0.0. OdhEKTMBHOCTL HEOAObIOBAHTHONW XUMUOTE-
panun nepen NPOTOHHOW JNy4eBOW Tepanuen Oonyxonen ronosBbl U wWen. KaMHu4eckas rpakTuka.
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ORIGINAL STUDY ARTICLE

Among the modern therapeutic approaches,
induction chemotherapy is used as a stage before
the radical radiation therapy begins in cases when
the volume of the tumor masses or their spreading do
not allow providing the acceptable coverage by the
exposure dosage or significantly increase the risks of
serious complications in the normal tissues. The main
objective of induction chemotherapy in that case is
the decrease of the dimensions of the tumor masses
and following the dosage-volume limitations when
conducting the distant radiation therapy.

As of today, according to the MACH-NC meta-
analysis that included the data from 107 research
works with the participation of 19,805 patients,
the application of induction chemotherapy has not
demonstrated a significant improvement of the overall
survival in patients (HR = 0.96; 95% CI: 0.90-1.01). At
the same time, simultaneous chemoradiation therapy
(CRT) has shown a more significant effect, decreasing
the risk of mortality by 18% (HR = 0.82; 95% CI:
0.78-0.86). These results indicate the benefit of
simultaneous chemoradiation therapy before induction
chemotherapy in the improvement of the overall
survival of the patients [2]

In the treatment of locally spreading processes,
induction chemotherapy was repeatedly compared
to the combined mode of chemoradiation therapy.
No conclusive evidences were revealed in terms of
improving the results, and the majority of research
works devoted to the role of induction therapy
in the treatment of tumors of the head and neck
area, were evaluating specifically the photon beam
therapy, while the role of proton therapy remains
uninvestigated [3].

In the worldwide literature, there are data stating
that proton irradiation suppresses the expression of
factors, lympho-, angiogenesis and immune tolerance,
facilitating the survival of less aggressive clones
of tumor population, but their effects on the tumor
biology remains poorly investigated [4, 5]. Because
the efficiency of proton therapy is confirmed by our
own clinical observations, there remains an interest
to the improvement of long-term efficiency results
by means of intensifying the anti-tumor medication
therapy [6].

Research aim: The main aim of the research was
to conduct a comparative analysis of two groups by
key clinical outcomes, including the overall survival
(OS) and progression-free survival (PFS), as well as to
determine the effects of induction chemotherapy on
the hematological toxicity.

METHODS

Research design

This retrospective research included an analysis
of medical records from 103 patients with tumors in
the head and neck area, which were divided into two
groups: the patients receiving induction chemotherapy
with further conduction of proton chemoradiation
therapy (IPCRT) (n=50), and the patients not receiving
induction antitumor therapy before the initiation of
proton chemoradiation therapy (PCRT) (n=53).

For checking the conformity of the distribution of
the quantitative variables to the normal one in each of
the groups, the Shapiro-Wilk test was used. Despite the
deviation from the normal distribution when evaluating
the dosages of applied radiation therapy, taking into
consideration the range of clinically recommended
dosages, the analysis was carried out using the t-test
for independent samples. Statistical significance of
differences was considered in cases of p being < 0.05.

Conformity Criteria

The retrospective research was enlisting the
patients with morphologically confirmed squamous
cell cancer of the oropharynx or of the oral cavity, the
locally spreading stage of the disease (llI-IVb), the
absence of signs of remote metastatic activity (MO),
the absence of previously conducted radiation therapy
and the satisfactory functional status — ECOG 0-1.

Research facilities and duration

From January 2019 until December 2024, proton
beam therapy sessions were arranged with the use of
ProteusPlus235 proton-cyclotron complex within the
premises of the Federal State Budgetary Institution
“Federal Scientific and Clinical Center of Medical
Radiology and Oncology” under the Russian Federal
Medical-Biological Agency in a total of 4,049 patients.
The selection of patients was carried out using the
“Protoregistr-2021” database, developed and registered
within the framework of the state assignment from the
Russian Federal Medical-Biological Agency [7].

Ethical review

All the research participants have signed the
voluntary informed consent for treatment. The authors
claim that the approval from the Ethics committee was
not required, for the retrospectively analyzed data
were based on the anonymized data and the treatment
was conducted in accordance with the clinical
recommendations from the Ministry of Health of the
Russian Federation.
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Medical procedure description

The patients were receiving a cycle of proton
therapy following the mode of five-days fractioning
with a single dosage (SD) of 2Gr to the total dosages
(TD) of 50-60Gr applied to the zones of local-regional
lymphatic collector and with the total dosage of
66-70Gr applied to the area of the primary tumor
focus and the high risk zones. As an induction
medication therapy, the patients were receiving the
DCF scheme of not less than 2 cycles (Docetaxel-
Cisplatin-Fluorouracil with a 21 days cycle) with
further evaluation of the dynamic changes and, in the
absence of signs of progression, with the conduction
of proton chemoradiation therapy.

The dosimetric planning of proton therapy was
carried out using the Phillips Pinnacle 3 planning system
for the treatment conducted using the ProteusPlus235
apparatus with the Pencil Beam Scanning methods.

All the patient cases were discussed during the
multi-disciplinary consilium, where decisions were
made on the management tactics. The detailed
characteristics are summarized in table 1. The
test groups were comparable by the key clinical
characteristics. A demonstration of the differences
between proton and photon therapy plans in the
dosimetric distribution is shown in Fig.1.

Statistical analysis

The median of follow-up was 13.4 months
(IQR: 11.6-21.6 months). The mean follow-up time
for the patients was 15.7£7.8 months. In the group
of tracked patients, no one has interrupted the
scheduled treatment, the therapy was completed at the
pre-defined time. For the evaluation of the differences
between the groups of patients, t-tests were used for
independent samples. The statistical significance of
differences was the p level being < 0.05.

ORIGINAL STUDY ARTICLE

Table 1

Comparative and quantitative characteristics
of the test groups of patients

Parametor  'FCRT  PoRT UL
(p-value)

Gender, n (%)
e M 36 (72) 35 (66)
e F 14 (28) 18 (34) 0513
Age (mean + SD) 55.9+10.2 = 55.3+11.9 0.804
Tumor stage
o 2 12 16
e 3 16 15 0.772
o 4 22 22
N-stage
e 1 38 33
) 7 16 0.142
e 3 5 4
AJCC stage (TNM)
e 1l 27 (54) 25 (52.1)
o IV 23 (46) 23 (47.9) 0849
Total focal dosage
e High risk 66.2+2.1 65.8+2.4 0.761
e Mid risk 54.0+3.4 53.7+3.2 0.638
e Low risk 50.5+2.9 50.2+2.7 0.078
CRT type
e Cisplatin 25 (50) 28 (52.8)
e Carboplatin 25 (50) 25 (47.2) 0928
Topographic group
e The oropharynx 30 (60) 28 (52.8) 0.593
e The oral cavity 20 (40) 25 (47.2)

Note. IPCRT — induction chemotherapy with further
conduction of proton chemoradiation therapy, PCRT — proton
chemoradiation therapy.

Trial: Trial 1

6.0 Gy (RBE)

Fig. 1. Dosimetry differences in the plans of proton (on the left side) and photon (on the right side) radiation therapy.
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RESULTS

Research sample (participants)

and primary findings

The first stage included the analysis of the
parameters of overall survival in the test groups
of patients using the Kaplan-Meier curves (Fig. 2).
In the group of patients receiving induction
chemotherapy, the mean OS was 27.65 months (95%
Cl: 24.46 - 30.85), while in the group without induction
chemotherapy — 27.27 months (95% Cl: 22.15-31.72),
which was a statistically insignificant difference
(Chi-square = 0.776, p=0.378). The median OS for
both test groups was not achieved due to the limited
duration of following-up the patients.

The evaluation of the progression-free survival rate
has shown that the mean time to progression in the
group of induction chemotherapy was 23.1 months
(95% CI: 19.6-26.6), versus 21.2 months (95% ClI:
16.7-25.7) in the group where the treatment did not
include the induction. The median time to progression
was the following: the group with the induction type
of chemotherapy — 26.3 months (95% ClI: 18.7- 33.8),
the group without the induction mode — 18.8 months
(95% CI: 8.0-29.6). Despite the fact that the
median PFS was higher in the group with induction

chemotherapy, no statistically significant differences
were detected between the groups (Chi-square = 0.293,
p=0.589) (Fig. 3).

None of the analyzed factors (stage of the disease,
test group, HPV-status, age, type of the used antitumor
medication) had a significant statistical effect on our
patient sample.

Evaluations were also carried out for the rate and
the degree of developing leucopenia: as expected, the
group of induction medication therapy demonstrates
the higher rate and degree of hematological
abnormalities (table 2).

The rate of grade 1 leucopenia was 30% in a group
of patients, receiving induction chemotherapy with
further proton chemoradiation therapy, versus 20.8%
in a group of patients not receiving induction antitumor
therapy before the initiation of proton chemoradiation
therapy, the rate of developing grade 3 disorders
was 26% in the group of induction chemotherapy
and 11.3% in the group without the induction, while
grade 3 complications were reported only in the group
of patients receiving induction chemotherapy (12%).
These differences are statistically significant (p <0.01)
and confirm that induction chemotherapy increases
the rate and the degree of leucopenia severity.

1.0
Test group

—I11—IPCRT
112 —PCRT
~4— 1 — censored

0.8
—— 2 — censored

0.6 1

0.4

0.2

0.0

0 month 5 month 10 month 15 month 20 month 25 month

Fig. 2. Overall survival graph for the patients of the test groups using the Kaplan-Meier method. IPCRT — induction
chemotherapy with further proton chemoradiation therapy; PCRT — proton chemoradiation therapy.
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1.0
Test group

I 1—IPCRT
—I12—PCRT

08 ~+— 1 — censored
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0.6

0.4

0.2

0.0

0 month 5 month 10 month 15 month 20 month 25 month

Fig. 3. Progression-free survival rate graph for the test groups — Kaplan-Meier’s method. IPCRT — induction chemotherapy
with further proton chemoradiation therapy; PCRT — proton chemoradiation therapy.

Table 2
Assessment of the degree of leucopenia development
Leucopenia degree Total
Group !
0 % 1 % 2 % 3 % n

IPCRT 16 32.0 15 30.0 13 26.0 6 12.0 50
PCRT 36 67.9 11 20.8 6 11.3 0 0.0 53
Total 52 - 26 - 19 - 6 - 103

Note. IPCRT — induction chemotherapy with further proton chemoradiation therapy; PCRT — proton chemoradiation therapy.

DISCUSSION

Our research has demonstrated that induction
chemotherapy does not improve overall survival
and progression-free survival in patients with
locally spreading squamous cell cancer of the head
and neck area, receiving proton chemoradiation
therapy. However, the presence of induction
therapy is associated with the higher rate of
hematological disorders, which evidently leads to
interrupting the treatment, to the usage of additional
resources, as well as to the elevation on the risks
of complications. Thus, such an approach should
not be used in the routine practice. These data
confirm the tendency observed in the publications
worldwide, now transferred to the group of proton
therapy.

20

The research had a number of limitations,
primarily, due to its relatively small sample size (n=103),
which may limit the statistical power of analysis.
Also, the follow-up period was lasting at an average
of 15.7 months, which may be insufficient for the
evaluation of long-term treatment effects.

CONCLUSION

The routine usage of induction chemotherapy
before proton chemoradiation therapy does not
provide significant benefits in terms of overall survival
and progression-free survival rates. Additional factors,
having a potential effect on the patients’ survival rate
and treatment tolerability, include the local toxicity, the
volume of the tumor masses and the fractioning modes,
which represent a subject for our further research.

https://doi.org/10.17816/clinpract677303
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Automated Morphometry of the Prostate Gland by the Results
of Magnetic Resonance Imaging

N.M. Nasibian, A.V. Vladzymyrskyy, K.M. Arzamasov
Research and Practical Clinical Center for Diagnostics and Telemedicine Technologies, Moscow, Russia

ABSTRACT

BACKGROUND: Within the framework of the experiment on using the innovative technologies in the field
of computer vision for analyzing the medical images and on further usage of these technologies in the
healthcare system of the City of Moscow, the research was carried out using the equipment based on the
artificial intelligence (Al-service) for the purpose of automatization of the morphometry of the prostate gland
using the magnetic resonance imaging (MRI), for the issue is topical due to the high incidence of urological
diseases among men. Unlike the 11 previous systems, oriented at the retrospective analysis, this solution
helps the radiologists in shortening the time of describing the examination results and in increasing their
accuracy. AIM: to evaluate the quality and the validity of automatic morphometry of the prostate gland
by the MRI results using the technologies of artificial intelligence in the settings of practical healthcare.
METHODS: A prospective diagnostic research in accordance with the methodology of reporting results of
scientific research involving the STARD 2015 diagnostic tests was conducted during the period from April
until October of 2024. A total of 560 MRI results were used and compared to the data from the morphometric
Al-service. RESULTS: An evaluation of the accuracy of using the Al-service for the morphometry of the
prostate gland was carried out. A total of 7 clinical monitoring procedures were conducted using 560 MRI
datasets with the complete conformity reported in 71.6%. The rate of false-negative cases was 3.9%,
technical defects were found in 3.8% of the cases. The integral clinical evaluation has achieved the range
of 88.0-97.0%, confirming the high diagnostic quality. The predominant errors were the ones related to
the contouring of the gland (52%) and incorrect measurements (13%), often related to the prolapsing of
the prostate gland apex. CONCLUSION: The automatization of routine measurements greatly contributes
to the standardizing the processes of describing the results obtained by radio-diagnostic methods. This
aspect is of special importance from the point of view of providing the continuity of medical aid in case
of patients presenting to various medical organizations. The artificial intelligence technologies for the
automatization of the prostate gland measurements have demonstrated high clinical value in 92.0%, which
indicates their accuracy and quality. These data can be used for developing new MRI-based automated
morphometry products.

Keywords: artificial intelligence; prostate gland; morphometry; magnetic resonance imaging; MRI;
radiology; diagnostic accuracy.
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BACKGROUND considered a potentially effective tool for increasing the

In recent years, an unswerving growth is observed
in the interest to using the artificial intelligence
technologies (Al) in healthcare in general and in the
radiodiagnostics in particular [1-6]. The automated
analysis of the results of diagnostic examinations is

© Eco-Vector, 2025

productiveness and the quality of operations performed
by radiologists, for optimizing the processes in the
radiodiagnostics departments along with solving the
issues of staff shortage. Constant growth is observed
in the number of scientific publications on the Al topic,
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OPUTUHAJIbHOE NCC/TTIEAOBAHUE

ABTOMaTN3MpPOBaHHaA MopdomeTpusa NnpeacTaTeNibHON Xene3bl
Nno AaHHbIM MAarHUTHO-Pe30HaHCHOI ToMorpadun

H.M. Hacu6sH, A.B. Bnagsumupckuii, K.M. Ap3amacoB
Hay4HO-nNpakTuiecknii KINIMHUYECKUIA LIEHTP OUarHOCTUKN 1 TeneMeguUMHCKX TexHonoruii, Mocksa, Poccus

AHHOTALNA

O6ocHoBaHue. B pamkax BHeApEeHWS MHHOBAUWOHHbIX TEXHOJIOrui B 061acTyi KOMIMbIOTEPHOro
3pPEHUS A1 aHaan3a MEULMHCKUX M300PaXeHU 1 faslbHeNLero npuMeHEeHNs1 3TUX TEXHO0Mrm
B cucTteme 3apaBooxpaHeHuss ropoga MockBbl npoBefeHO nccaefoBaHne MHCTPYMEHTa Ha OCHO-
B€ UCKYCCTBEHHOIro uHtesnexkta (MIV-cepsuc) gns aBromatusayum MopGOMETPUN NPe[CTaTesIbHON
JKesie3bl Mo MarHUTHO-Pe30HaHCHbIM ToMmorpammam (MPT). B otninumne ot 11 npeabigyLymx CUCTEM,
OPUEHTUPOBAHHbIX Ha PETPOCMEKTUBHbIN aHaan3, JaHHOe peLueHne rnoMoraeT PeHTreHosioraMm co-
KpaTtuTb BPEeMsi ONMCcaHus NCCAe[0BaHui v NoBbICUTbL X TOYHOCTb. Ljenb nccnegosaHnss — oue-
HUTb Ka4eCTBO 1 JOCTOBEPHOCTbL aBTOMaTn4eCKON MOPHOMETPUN NPEACTATEIbHON XENE3bl Ha pe-
gynbratax MPT ¢ nomoLybo TEXHOOMMI MCKYCCTBEHHOMO UHTEJIZIEKTA B YC/I0BUSX MPaKTUYE€CKOro
3gpaBooxpaHeHusi. Mertogsbl. [pocnekTuBHOEe AMarHOCTUHYECKOEe UCCefoBaHWe B COOTBETCTBUU
C METOHOJIOrMe pernopTUPOBaHUS PEe3YIbTaToB Hay4YHbIX NCCAE[0BaHUi ANarHOCTUYECKNX TECTOB
STARD 2015 nposeneHo B nepuo ¢ anpess rno oktsa6pe 2024 roga. Vicnons3oBaHbl 560 pesynbTa-
ToB MPT, conoctaB/ieHHbIX C AaHHbIMU MopgomeTpudeckoro ViVl-cepBuca. Pe3aynbratbl. OyeHeHa
TOYHOCTb VIVI-cepBuca A1 MOpGOMETPUN NPeacTaTesibHON xenesdbl. [1poBeaeHo 7 KINHUYECKUX
MOHUTOPUHIoB Ha 560 MPT c nonHbim cooTBeTcTBuemM B 71,6%. JIoXKHOOTpuUaTesibHbIe Cry4Yan
coctaBun 3,9%, TexHu4deckue gepektol — 3,8%. VIHTerpanbHas KAMHUYeCKasi OLeHKa [OoCTura
88,0-97,0%, nopgTBepxngasi BbICOKOE KadecTBO gmarHoCTuku. [lpeobnaganvn owmnbkyu B OKOHTYpU-
BaHum >Kenesbl (52%) n HernpaBuibHbie n3mepeHus (13%), YyacTto cBsi3aHHbIE C poabupoBaHNEM
BEPXYLUKW MPe[CcTaTesibHoOM Xee3bl. 3aknodeHue. ABToMatn3aymns PyTUHHbLIX U3SMEPEHUN BHOCUT
CYyLEeCTBEHHbIN BK/I84 B CTaHZapTU3auuko MPOLECCOB OMNUCaHus pe3y/bTaToB JIy4eBbIX METOAOB
nccnegoBaHuii. Ocob0 BakeH 3TOT acrekT C TOYKU 3PeHusi obecrieHeHuss npeeMcTBeHHOCTY Me-
AVNUMHCKOM MOMOLLM rpy obpalleHuy nauneHTa B pasinyHble MeauUUHCKUE opraHu3auyun. TexHo-
JIOrY UCKYCCTBEHHOIO MHTEJINIEKTa AJ15 aBToMaTu3ayui N3MepeHni npeacraTe/ibHoON XKeaesbl no-
Kasa/iy BbICOKYH KJIMHNYECKYIO oLeHKYy B 92,0%, 4TO cBUAEeTe/IbCTBYET 00 X TOYHOCTU U Ka4ecTBe.
OTu gaHHble MOryT 6bITb NCMOL30BaHbl 4151 Pa3paboTKN HOBbLIX MPOAYKTOB aBTOMAaTU31pOBaHHOM
mopgbomeTpum Ha ocHose MPT.

KnroyeBble caoBa: ICKYCCTBEHHbIN MHTENINIEKT; NPeAcTaTeslbHasl Xxese3a; MopGhOMETPUS; MarHUTHO-Pe-
30HaHcHasi Tomorpagus; MPT; nyyeBasi guarHoOCTUKa; anarHoCTndeckasi TOYHOCTb.

Ana yntuposaHus:

HacubsH H.M., Bnagsnmunpckuin A.B., Apsamacos K.M. AsTomartmsmpoBaHHass MOPGOMETpUsS Nnpea-
CTaTeNbHOM >Kenesbl MO [OaHHbIM MarHUTHO-PE30HAHCHOW Tomorpadun. KiamHudeckass npakTvka.
2025;16(2):23-33. doi: 10.17816/clinpract677719 EDN: VNHQYP
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however, the number of scientific research products
does not mean their quality, both in terms of the
publications themselves and in terms of the proposed
Al-based decisions. The vast majority of the published
developments still includes experimental prototypes,
while their underlying mathematical models were

taught and tested using limited data samples. The
retrospective assessment is predominant in assessing
the accuracy of Al-technologies in laboratory settings,
while the quantity of clinical research works with
proper Al quality and applicability are vanishingly
small. In the 21st century, it is difficult to believe in the
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situation, when a novel drug substance is tested only
in a laboratory, not being tested in a full-scale clinical
research. In terms of the Al- technologies, exactly this
pattern is observed, which is completely unacceptable
for modern medical sciences.

In Russia, from the year of 2020, an experiment
is carried out on using the innovative technologies
in computer vision for analyzing medical images and
further use of these technologies in the healthcare
system of the City of Moscow (hereinafter — the
Moscow experiment; mosmed.ai) [7]. Currently, this is
the world’s largest scientific prospective multicenter
research on the applicability, safety and quality of Al.
Within the frameworks of the Moscow experiment,
a two-staged research is conducted on using the
Al-based software (the so-called Al-services),
developed for solving strictly specific diagnostic
tasks. The first retrospective stage involves quite
a standard testing using the reference data sets,
however, the second (the main) and the prospective
stages included the evaluation of the quality and the
stability of Al-services when operating with the real
flow of examination results in the settings of practical
healthcare [8-10]. Due to the long-term (lasting months
and years) use of Al-technologies in real-time practice,
a possibility arouses for studying their effects on the
working processes in radiodiagnostics, moreover —
not in general, but in a context of solving a strictly specific
working operation and clinical task. One of such quite
specific tasks is the morphometry of the dimensions
and the volume of the prostate gland when interpreting
and describing the results of magnetic resonance
imaging (MRI) of the lesser pelvis. It should be noted
that, within the structure of the urological diseases in
men, oncological and inflammatory diseases of the
prostate gland prevail, which makes their screening
and diagnostics an exceptionally topical issue [11, 12].

Morphometry represents a routine procedure,
which takes the working time of the radiologist and
creates potential risks due to the subjectiveness of
measurements. Its is evident that, for increasing the
productivity and the quality of work, this procedure can
be easily automated. For exactly the automatization
of measurements has shown a significant shortening
of the duration of describing the results of radiology
examinations along with the parallel increase in the
productivity of the operations performed by the
radiologist [13]. It is worth noting that previously, a set
of data was compiled — the “MosMedData MRI of
the lesser pelvis with morphometry parameters of
the prostate gland” for the purpose of calibration

testing, representing a structurized set of two hundred
de-personalized results of multi-parametric magnetic-
resonance imaging examinations data among adult
men with the presence of morphometry marks (vertical,
anterior-posterior and frontal dimensions of the prostate
gland in millimeters relative to axis of the organ)'. The
images are provided in the DICOM 3.0 format, with the
marking provided as the XLSX file.

With a background of the colossal interest in using
Al in radiodiagnostics, the challenges of automated
analysis of the results of the lesser pelvis MRI are
practically not researched. In particular, not so long
ago, approximately 11 Al-based developments were
published for analyzing the results of the prostate
gland MRI. None of them is intended for direct
helping the physician by means of the automatization
of the routine mechanical procedure of measuring the
target organ, though the developers are trying, mainly
with no success, to solve the hardest challenges of
differential diagnostics. Another substantial defect
is that all these developments were tested only
retrospectively or in the contest mode (competing
with each other), i.e. the verification and evaluation
of accuracy in the real clinical settings were not
implemented [14, 15].

Research aim — to evaluate the quality and the
validity of automatic morphometry of the prostate
gland based on the magnetic resonance imaging
results using the artificial intelligence technologies in
the settings of practical healthcare.

METHODS

Research design

This was a prospective diagnostic research
conducted in accordance with the methodology of
reporting the results of scientific research with using
the STARD 2015 diagnostic tests?.

Conformity criteria

Inclusion criteria: male patients older than 18 years;
MRI scanning performed in the out-patient settings
following the standard protocol; scanning protocol:
loc (locators), T2-WI (T2-weighted images), T1-WI

1 Certificate of data base registration — RU 2025620045/09.01.2025.
Application No. 2024626323 dated 20.12.2024. Vasilyev Yu.A.,
Nasibyan N.M., Vladzimirskiy A.V. et. al. MosMedData: MRI of
lesser pelvis with the morphometry parameters of the prostate
gland. EDN: IXRMQR

2 Certificate of registration of PC software — RU
2025610804/14.01.2025.  Application  No. 2024691653
dated 20.12.2024. Vasilyev Yu.A., Vladzimirskiy AV,
Omelyanskaya O.V. et al. Data set preparation platform.
EDN: TZQQHN
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(T1-weighted images), DWI (diffusion-weighted images)
with fat tissue suppression and with computing the
ADC (apparent diffusion coefficient) charts along with
dynamic contrast enhancement (DCE); the presence
of the results of automated analysis (operation of the
Al-service); the presence of informed voluntary consent
for conducting the research.

Exclusion criteria: motor artifacts, artifacts from
foreign objects at the investigated level; technical
defects of MRI-scanning; technical defects in the
results of Al-service operation.

Research facilities

The examination was carried out within the
premises of the State Budgetary Healthcare Institution
“Scientific-Practical Clinical Center for Diagnostics and
Telemedicine of the Moscow Healthcare Department”
(SBHI SPCC D&T, MHD). The research was carried out
with using the results of radio-diagnostic examinations,
conducted at the medical organizations of the Healthcare
Department of the City of Moscow, providing medical
aid to adult population in the out-patient settings
(municipal polyclinics). The examination results were
stored at the centralized archive of medical images of
the City of Moscow (the Unified Radiology Information
Service of the Unified Medical Information-Analytical
System of the City of Moscow, URIS of UMIAS), while
their description and compilation of protocols were
conducted by radiology physicians of the reference-
center within the premises of the SBHI SPCC D&T
(Moscow Healthcare Department).

In accordance with the Decree issued by the Moscow
Government on November 21, 2019 No.1543-PP3,
SBHI SPCC D&T (MHD) is an operator of the
experiment on using the innovative technologies in
the field of computer vision for analyzing the medical
images and further using these technologies in
the Healthcare system of the City of Moscow (the
Moscow experiment). The staff of the institution were
performing the independent testing and quality control
of the operation of the software products based on
Al technologies. The developers and the right holders
of the said software products are the third parties —
the companies and enterprises of various form of
incorporation, not affiliated by the SPCC D&T (MHD).

3 Decree issued by the Moscow Government on November 21,
2019 No0.1543-PP «On the conduction of the experiment on
using the innovative technologies in the field of computer vision
for analyzing the medical images and their further use in the
Healthcare System of the City of Moscow». Access mode:
https://www.garant.ru/products/ipo/prime/doc/73059396/
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Research duration

The research work was arranged during the period
from 01.04.2024 until 31.10.2024. Within the stated
period of time, the tested software product based
on Al-technologies was analyzing the results of
MRI-scanning of the target area in accordance with the
Moscow experiment procedures. A monthly sample
was compiled for monitoring the operational quality
(see below for detailed description of this procedure).
The summarization and the analysis of the results were
conducted during the period from 01.01.2025 until
01.03.2025.

Research description

An evaluation was carried out of the applicability of
Al technologies for the automatization of the prostate
gland measurements in the settings of practical
healthcare.

The Index-test (the test method) — is a software
product based on Al technologies (Al-service) for the
recognition and analysis of MRI-scans of the prostate
gland, integrated into the URIS UMIAS in accordance
with the procedures of the Moscow experiment.

The functions of the Al-service are the following:
measuring the vertical, the anterior-posterior (sagittal)
and the frontal (transverse) dimensions of the prostate
gland in millimeters relative to the axis of the organ
(urethra); calculation of the prostate gland volume [16].
The research includes the IMV PIRADS Al-service
(“Imvision” LLC, Russia) — the only participant of the
Moscow experiment in the stated field (the limitations
of this research shall be provided in the corresponding
section at the end of the article).

Reference test: clinical monitoring of the quality of
Al-service operation in accordance with the original
methods, developed and validated within the settings
of the Moscow experiment [14, 17, 18].

Methods of arranging the clinical monitoring of
the quality of Al operation. Compilation of the sample
from the whole volume of MRI-scans analyzed by
the Al-service for the report period. The sample is to
be compiled randomly, while its size is pre-justified
and equals 80 scans every month [1]. The sample is
reviewed by two radiologists with a work experience of
not less than 5 years.

Each expert evaluates the results of automated
analysis of this examination by two criteria: the
correctness of detecting and labeling the location
of the pathological signs (labeling by Al-service); the
correctness of Al-service interpretation of the results of
radiology examination (conclusion from the Al-service).
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Taking into consideration the morphometric
characteristics of the tested Al-service, the first criterion
was considered the correctness of segmentation, while
the second was the measuring of the volume and size
of the prostate gland. For each examination result,
the expert was setting the variant of assessment: full
conformity (1 point), incorrect assessment (0.5 points),
false-positive result (0.25 points), false-negative result
(0 points). The assessment variant was defined for each
of the abovementioned criteria separately, then all the
obtained points were summed; the maximum possible
value of the sum for this sample was taken as 100.0%,
after which the specific weight was calculated for the
added sum of points; eventually, the level of clinical
assessment was obtained, varying within a range
from 0.0 to 100.0%.

In this context, the following approaches were
used: the false-positive result means erroneous
measuring of the dimensions or the volume of the
prostate gland, resulting in the definition of the case
as the pathological with initially normal status of
the target organ; false-negative result — erroneous
measurement of the dimensions or the volume of the
prostate gland, resulting in the definition of the case
as normal with the actual presence of pathological
changes. Erroneous measurements can be due
to incorrect segmentation or due to the defects of
mathematical calculation, related to the classification
of the results of automated analysis. An incorrect
assessment means the presence of discrepancies in
the measurements conducted by the Al-service and
by the radiologist, however, such discrepancies are
not resulting in the occurrence of false-positive or
false-negative result.

The sample from the second stage included the
results of clinical monitoring sessions, conducted within
7 months (each month, a new sample consisting of
80 results of the prostate gland MRI, processed by the
morphometry Al-service, was compiled for monitoring
purposes). Respectively, the whole research included
560 cases.

Statistical analysis

The research had not established comparison
groups, due to which, the sample size was not
calculated. At the same time, the sample size for
the regular monitoring of the quality of Al operation
is 80 scans each month. The approaches for its
determination were published previously [19].

The MedCalc v. 2311 statistical software
(MedCalc Software Ltd, Belgium) was used during
the research. No special statistical criteria were
used, only the descriptive statistics procedures were
applied.

RESULTS

Research sample (participants)

In the settings of practical healthcare, an
evaluation was carried out of the diagnostic accuracy
of the Al-service for the morphometry of the prostate
gland. Using this software product in accordance
with methodology of the Moscow experiment, a total
of seven clinical monitoring sessions were carried out
(one monitoring each month, sample size — 80 cases).
As appropriate, samples of examination results were
compiled, allowing for evaluating the diagnostic
accuracy of the operation of Al technologies in the
prospective design, i.e. in the settings of practical
healthcare. For the monitoring purposes, a total of
560 prostate gland MRI results with the results of
automated analysis were selected randomly.

Primary findings

The full conformity of the results of Al-service
operation was obtained in 71.6% (n=401) of the cases
(Table 1). Quite high was the percentage of cases with
partial agreement with the expert physician — 20.5%
(n=115). The specific weight of false-negative cases
was 3.8% (n=22). Notably, almost the same level
was shown for the percentage of technical defects
occurring during the processing of MRI-scanning
results — 3.8%, i.e. in a total of 21 cases, the Al-service
was shown as technically unreliable.

Table 1
The parameters of clinical monitoring the of Al-service operation in the morphometry
of the prostate gland based on the results of magnetic resonance imaging
Number Evaluation
(n=560) Full conformity Incorrect assessment FP FN Defect
Abs. 401 115 1 22 21
% 71.6 20.5 0.2 3.9 3.8

Note. FP — false-positive result; FN — false-negative result.
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The clinical assessment was conducted each month
for the sample of 80 examination results, while its values
varied within a range from 88.0 to 97.0%. For the total
sample of 560 scanning results, i.e. for the whole period of
using the Al-service in the settings of practical healthcare,
the clinical assessment parameter value was 92.0%.

Separate analysis is required for the episodes of
incorrect operation of the Al-service. In total, 138 results
of automated analysis were to one degree or another
assessed as low-quality (Fig. 1). Within the structure of
the erroneous or incorrect operations of the Al-service,
detected during the monitoring, the incorrect delineation
of the prostate gland was prevailing — 52.0%; in 14.0%
of the incorrect cases, the segmentation of one of the
projections was missing. What calls attention to itself
is the high percentage of incorrect measurements
(including the incorrect arithmetic calculation of the
volume) with a background of completely adequate
segmentation of the target organ — 13.0%.

The most typical segmentation errors were related
to the presence of prolapsing apex of the prostate
gland in the urinary bladder, to the contouring of the
gland with capturing the dilated venous plexuses or the

B Incorrect segmentation (contouring)
of the prostate gland

[ Absence of segmentation (contouring) in one
of the projections

Incorrect measurements and/or calculation
of the volume (with correct segmentation)

The Al-service has not recognized the absence
of the prostate gland (s/p surgery)
The Al-service has not located the target organ
(if any)
I The Al-service has not recognized the image defect

Fig. 1. The structure of incorrect or erroneous operation
of the Al-service during the morphometry of the prostate
gland on the results of magnetic resonance imaging, %.
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seminal vesicles. The examples of automated analysis
performed by the Al-service for the morphometry of
the prostate gland by the MRI results are provided in
Fig. 2 and 3.

The obtained data show quite high diagnostic
quality of the tested tool. Hence, the Al technology
(computer vision) can be considered applicable for the
automatization of the prostate gland measurements.

DISCUSSION

The problematics of using Al technologies for
analyzing the results of the MRI of the lesser pelvis (in
particular, of the prostate gland) in scientific literature
is enlightened to a certain degree unidirectionally
[20-22]. General compilation is provided for the
possible tasks for development in the corresponding
topical area, the number of which includes the
segmentation and the search for pathological foci,
the classification and increasing the quality of multi-
parametric imaging, the detection and the differential
diagnostics of malignant neoplasms, the classification
of risk degree by the Gleason score* [23-25]. In the
real development, the prevailing are the oncological
diagnostics, the use of radiomics methods, as well as
the multimodal approach expressed as the combined
use of the MRI results and the pathomorphological
examination of the prostate gland [26]. Specifically,
the radiomics models have shown a high accuracy of
differential diagnostics for the foci in the prostate gland.
The fact that increases the value of such publications
is that the developed models also pass the external
validation, i.e. the independent verification via a set of
new data. The meta-analysis summarizing the data from
43 articles (9983 patients) has allowed for obtaining the
mean accuracy values (area under the characteristic
curve) of the radiomic models — 0.91-0.93 [27], at
the same time, there are still disputable issues of the
precision of the results obtained when using such
models, their applicability not in the laboratory, but in
clinical settings. With this background, the tasks of the
prostate gland morphometry have undeservedly little
attention. Meanwhile, performing the routine measuring
procedures by the radiology physician “manually”
leads to wasting time and can always result in errors in
terms of accuracy and precision [28-32].

4 Certificate of state registration of database No. 2024620575
dated 06.02.2024. Application No. 2024620252/26.01.2024.
Vasilyev Yu.A., Blokhin I.A., Geleje P.B. et al. A set of
biparametric MRI data of the prostate gland with histological
verification. EDN: XEAAGM. Access mode: https:/telemedai.
ru/nauka/nauchnaya-infrastruktura/nauchnaya-deyatelnost/
intellektualnaya-sobstvennost
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Fig. 2. The results of magnetic resonance imaging of the lesser pelvis organs in males aged 65 (a) and 67 (b) years,
analyzed by the Al-service: segmentation and morphometry of the prostate gland were done correctly. 7 — sagittal

projection; 2 — axial projection.

In general, the scientific literature shows
a sufficiently high level of diagnostic precision of the
Al (based on the typical neural network architectures)
when analyzing the MRI of the prostate gland. Thus,
upon the automated segmentation of the prostate
gland, the Dice coefficient ranges within 0.86-0.9
[383, 34], upon the classification of the pathological
manifestations, the area under the characteristic curve
also reaches 0.84-0.91 [35, 36]. The accuracy of
detecting the pathological foci is lower and falls within
a range of 0.64-0.81 [37]. During the comparative
research, it was found that Al has surpassed the
international group of radiologists (consisting of
62 specialists) in terms of detecting the clinically
significant prostate cancer and its classification using
the PI-RADS scale (Prostate Imaging Reporting and
Data System) [38]. The significant downside of these
research works is their experimental pattern. All the

‘ For supporting the decision-making
NN

Fig. 3. The results of magnetic resonance imaging of the
lesser pelvis organs in a male aged 86 years, analyzed
using the Al-service: an example of incorrect segmentation
of the prostate gland (the contour of the prostate gland in
the sagittal projection is not marked in full range).
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Al-related research on diagnostics of abnormalities in the
prostate gland were conducted in laboratory settings,
using the reference data sets (including the quite vast
comparison of accuracy between the Al and the group
of 62 physicians). Moreover, the independent analysis
of the quality of such articles has shown that 47.0% of
them were lacking the full and correct description of
the reference data set, i.e. of the main Al accuracy
measuring tool. Even more negative is the fact that up
to 92.0% articles contained data on manipulating the
statistical analysis data for the purpose of concealing
the low accuracy of the model [7].

With this background, our research was carried out
in the prospective design, allowing for determining the
accuracy and quality of Al operation in the settings of
practical healthcare. For the first time ever, quite a vast
set of material was used to obtain the parameters of
accuracy and stability of Al-service operation for the
morphometry of the prostate gland, distinct by its
scientific novelty. The obtained clinical measurement
value of 92.0% indicates the sufficiently high accuracy
of the tested Al-service operating with the real flow of
radiodiagnostics data. At the same time, the analysis of
the structure of the defects has allowed for objectively
detecting problems with the segmentation of the
target organ. Based on the experience of the Moscow
Experiment, incorrect segmentation is a typical error of
the Al-services, especially often occurring at the early
stages of their development (for this specific clinical
task) [7]. The studied Al-service was introduced into
the experiment relatively recently, which is why the said
type of defect is quite explainable. The results of the
clinical monitoring can be used both for the elimination
of specific defect and for the general improvement of
the Al-service along with its preparation for clinical
testing for the purpose of receiving the status of the
medical device.

Research limitations

The research work included only one software
product based on Al technologies. This situation is
due to the absence of other developments capable
of solving the tasks of automated morphometry of the
prostate gland. As of the date of 01.03.2025, in the
Russian Federation, there are no Al-based devices
for solving this challenge; the research includes only
one relevant participant of the Moscow experiment.
Evidently, certain measures are required for stimulating
the development of other solutions, including the ones
having the functional capabilities of supporting the
diagnostic decisions based on the radiomics.

ORIGINAL STUDY ARTICLE

CONCLUSION

The automatization of routine measurements
greatly contributes to standardizing the processes of
describing the results of radio-diagnostic examinations.
This aspect has a special importance from the point
of view of providing the continuity of medical aid in
cases of the patient presenting to various medical
organizations.

The Al technologies are applicable for the
automatization of the prostate gland measurements
when describing the results of MRI-scanning of the
lesser pelvis organs. The experience of using the
corresponding Al-service in the settings of practical
healthcare has shown the clinical measurement
value of 92.0%, which allows for characterizing the
accuracy and the quality of its operation in a flow
of MRI-scanning results as high.

The obtained data can be used as the methodical
material for developing other products for the
automated morphometry of the prostate gland based
on the results of MRI-scanning of the lesser pelvis.
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Optimizing the Fluorescent Visualization with Indocyanine Green
During Laparoscopic Cholecystectomy

M.V. Kosachenko, A.M. Leonovich, A.E. Klimov, A.V. Burlakova
Peoples’ Friendship University of Russia, Moscow, Russia

ABSTRACT

BACKGROUND: The prevention of damaging the bile ducts during surgical interventions in patients with
calculous cholecystitis remains a topical problem in modern abdominal surgery. The incidence of damaging
the bile ducts reaches 0.4-2%, while in cases of complicated forms — up to 5.2%. AIM: determining the
optimal dosage and timing of administering the Indocyanine green (ICG) for increasing the efficiency of
fluorescent cholangiography during the course of laparoscopic cholecystectomy in cases of calculous
cholecystitis. The top-priority task of the research is minimizing the risks of injuring the bile ducts by means
of clear intraoperative visualization of the extrahepatic bile ducts. METHODS: Prospective non-randomized
research was conducted within the premises of the University Clinical Center named after V.V. Vinogradov
(affiliated branch) of the RUDN University during the period from March 2024 until April 2025. The research
included 276 patients undergoing the laparoscopic cholecystectomy with using the ICG-cholangiography. The
dosages of Indocyanine green used (1.25 mg; 2.5 mg; 5 mg; 10 mg) were administered in various time periods
before starting the surgery (from 40 minutes up to 6 hours), as well as intraoperatively. The evaluation included
the degree of fluorescence, the time from the moment of administering the Indocyanine green until the optimal
fluorescence of the bile ducts and of the liver required for the safe conduction of laparoscopic cholecystectomy,
as well as the possibility to correct the hyper- and hypofluorescence by changing the equipment settings.
RESULTS: Optimal visualization of the extrahepatic bile ducts was observed at a dosage of 5 mg of ICG
3-5 hours after the administration, for the 2.5 mg dosage — 2-3 hours, while for the 1.25 mg dosage, the
time was 40-120 minutes. Intraoperative administration of 1.25 mg provided a rapid visualization, but caused
hyperfluorescence, complicating the determination of the topography of bile ducts, which was corrected by
equipment settings. CONCLUSION: Fluorescent cholangiography with using the Indocyanine green is a safe
and effective method of visualizing the extrahepatic bile ducts during laparoscopic cholecystectomy. The most
optimal dosages of Indocyanine green are the following: 1.25 mg — 40-120 minutes, 2.5 mg — 2-3 hours
and 5 mg — 3-5 hours before the intervention. The 1.25 mg dosage can be administered intraoperatively with
further correction of equipment settings at the menu of the video-system (by lowering the enhancement and
the intensity parameters) for decreasing the hyperfluorescence effect.

Keywords: calculous cholecystitis; fluorescence visualization;

cholecystectomy; dose optimization.

indocyanine green; laparoscopic
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BACKGROUND

The prevention of damaging the bile ducts during
surgical interventions in patients with calculous
cholecystitis remains a topical problem in modern
abdominal surgery. [1, 2]. According to worldwide
statistics, each year more than a million of laparoscopic
cholecystectomies are carried out for calculous
cholecystitis [3, 4], with the rates of damaging the bile
ducts reaching 0.4-2% and up to 5.2% for complicated

34 https://doi.org/10.17816/clinpract685076

forms, according to the data from foreign registries
[5, 6]. The main reason of damaging the bile ducts is the
inadequate intraoperative identification of the anatomic
structures, especially in the settings of inflammatory
changes and infiltration of tissues [7].

The method of fluorescent laparoscopy and
fluorescent  cholangiography  with  using the
Indocyanine green (ICG), implemented at the real time
mode, opens new possibilities in increasing the safety
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OPUTUHAJIbHOE NCCJTIEAOBAHUE

OnTumunsauuna ¢pnoopecueHTHON BUsyanmsaumm
C NHAOLMAHNHOM 3eJIEHbIM NPU NanapoCcKoNnYecKon
Xoneymncrakromumn

M.B. KocaueHko, A.M. JleoHoBu4, A.E. Knumos, A.B. bypnakoBa
Poccuiicknin yHuBepcuteT apy>x6bl Haponos nmeHn Matpuca Jlymym6bl, MockBa, Poccus

AHHOTALINA

O6ocHoBaHue. [pohunakTvika rnoBPEXAEHWI XKeI4eBbIBOGALUMX MyTeN Mpy ornepaTvBHbLIX BMeLLaTe lb-
cTBax y 60JIbHbIX C KaJIbKY/IE3HBIM XOIELUCTUTOM OCTaETCS akTyaslbHOM rMpobeMOol B COBPEMEHHOM ab-
LOMUHasIbHOM Xupypryv. Yactora noBpexaeHni Xken4qHbix npotokoB gocturaet 0,4-2%, a rpy 0Ca0Xx-
HEHHBIX (hopmax — [0 5,2%. Llenb nccnegqoBaHns — onpeaenTb ONTUMAaIbHYO LO3UPOBKY U BPEMS
BBeaeHus1 nHgoumaHmnHa 3enéHoro (ICG) a5 noBbILLEeHVS 3hHEKTUBHOCTY (hIIKOOPECLEHTHOM XO/1aHMNo-
rpacun Bo BpeMs /1anapoCKONM4YeCKOM X0IEUUCTIKTOMUM NP KaslbKyaE3HOM xoneunctuTte. [Npuoputet-
HOW 3aa4eli nccrieoBaHns SIBASETCS MUHUMU3aLMS PUCKA TPaBM XE/T4HbIX ryTel rnocpeaCcTBOM YETKOM
MHTPaonepaLnoHHON BU3yaamn3aLmy BHENEYEHOYHbIX XXE4YHbIX NPoTokoB. MeTtoasl. [TpocrnekTnBHoOE He-
pPaHAoOMU3NPOBaHHOE UCCIef0BaHVe MPoBeAEHO Ha ba3e YHMBEPCUTETCKOrO KIIMHUHYECKOro LUeHTpa nme-
Hu B.B. BuHorpagosa (¢punnan) PY/H B nepuog ¢ mapta 2024 no anpesnb 2025 roga. B nccnegoBaHne
BKJIOYEHbI 276 nayneHToB, KOTOPbIM BbINOJIHEHA 11arnapOoCKONMMYecKast XOIeUNCTOKTOMUS C MPUMEHEHU-
em ICG-xonaHrmnorpagum. Vicrnonb3oBaHbl 403kl nHAoUumMaHuHa 3enéHoro (1,25 mr; 2,5 mr; 5 mr; 10 Mr),
BBOAUMbIE B pasHble BPEMEHHbIE MPOMEXYTKU A0 Hadana onepauyun (0T 40 MuHyT [0 6 4acoB), a Tak-
JKe nHTpaonepaymnoHHo. OuyeHnBaIncb MHTEHCUBHOCTL (D/IFOOPECLEHLINM, BPEMST OT MOMEHTAa BBELEHUS
MHAoUmMaHnHa 3€16HOro 4O ONTUMAaIbHOr0 CBEYEHUS] XKEJIYHbIX MPOTOKOB U revYeHy [/ 6e30rnacHoro
BbIMOJIHEHUST 1anapOCKOMNYECKON XONELMUCTIKTOMUM, a TakKe BO3MOXHOCTb HUBE/IMPOBAaThb UMep-
Y runoghIroopPECLEHUMIO USMEHEHNEM HAaCTPOEK 060pynoBaHus. Pesynbratel. OnTuMmasibHasi BU3yan3a-
Lnsi BHENMEYEHOYHbIX XEJTYHbIX MPOTOKOB OTMeYeHa rpu gose 5 mr ICG yepes 3-5 yacoB noce BBefe-
Hus, ripy gose 2,5 Mr — 4yepes 2-3 yaca, npu fgose 1,25 mr — 4epes 40-120 muHyT. VIHTpaonepaLmoH-
Hoe BBefeHne 1,25 mr obecrieunBasio ObICTPYIO BU3Yam3aLmio, HO BbI3bIBaIO rynepgh/iroopeCcLEeHLMIO,
3aTPYyAHSAIOLLYIO OrpenesaeHne Tornorpagpun XKen4dHbIX fyTen, KOTopas HUBEUPOBaaachb HacTpoukamu
obopyanoBaHus. 3aknro4veHue. DoOopecLeHTHasT XonaHrmorpagusi ¢ 1Crosib30BaHNeM WHAOLMaHVHA
3€/1EHOro SBASETCS 6e30nacHbIM 1 3PEKTUBHLIM METOLOM BU3Yann3aunn BHENEYEHOYHbIX XKEe/TYHbIX
MPOTOKOB MpU /1arnapOCKOMNMYECKON XONeUNCTOKTOMUN. Hanbonee onTuMmasibHble [O3UPOBKU MHAoUMA-
HuHa 3enéHoro: 1,25 mr 3a 40-120 muHyT, 2,5 mr 3a 2-3 Yaca v 5 Mr 3a 3-5 yacoB O BMeLLaTeIbCTBA.
Jlo3za 1,25 mr Mmo)xeT ObITb BBEAEHA NHTPAONepaLoOHHO C MOCEAYOLEN KOPPEKLMNEN HAaCTPOEK 060py-
[OBaHUs1 B MEHIO BULEOCUCTEMbI (CHU3UTb MOKa3aTe/in YCUNEHUS U HaCbILEHHOCTY) 411 YMEHbLUEHUS
ahbexTa runeproopeCLeHLNN.

Knro4yeBblie cnoBa: KaﬂbeﬂéBHblﬁ XONEUNCTUT; UHAOLMNAHUH 3E1EHBIN; d)ﬂiOOpeCLleHTHaﬂ Bu3yannsauus,;
JiariapocKorndeckas Xos/1eynCcTaKToOMUA; onTumMmn3ayns 4Oo3bl.

Ans yntupoBaHus:

Kocaudenko M.B., JleoHosu4d A.M., Knumos A.E., Bypnakosa A.B. Ontumusauusa ¢noopecLeHTHON BU3ya-
nm3aumm ¢ MHAOLMAHMHOM 3€IEHBIM MPW JTanapoCKONMMYECKOW XONEUNCTIKTOMUN. KaMHuYecKas rnpak-
Tuka. 2025;16(2):34-40. doi: 10.17816/clinpract685076 EDN: GHHXHU
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of laparoscopic interventions. Especially important is
the high accuracy of visualization in case of significant
inflammation, which limits the possibilities of standard
anatomical orientation.

Research aim — determining the optimal dosage
and timing of administering the Indocyanine green

(ICG) for increasing the efficiency of fluorescent
cholangiography during the course of laparoscopic
cholecystectomy in cases of calculous cholecystitis. The
top-priority task of the research is minimizing the risks
of injuring the bile ducts by means of clear intraoperative
visualization of the extrahepatic bile ducts.
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METHODS
Research design
Prospective non-randomized.

Conformity criteria

Inclusion criteria: patients aged over 18 years;
confirmed (by the data from instrumental examinations)
diagnosis of calculous cholecystitis; signed informed
consent.

Non-inclusion criteria: patients aged under 18 years;
pregnancy

Exclusion criteria: patient not presenting for
hospitalization, refusal to undergo treatment.

Research facilities

The examination was carried out within the premises
of the Department of Intermediate Level Surgery under
the Medical Institute of the Federal State Autonomous
Educational Institution of Higher Education “Patrice
Lumumba Peoples’ Friendship University of Russia”
at the University Clinical Hospital named after
V.V. Vinogradov.

Research duration
The research activities lasted from March 2024
until April 2025.

Medical procedure description

On admission, all the patients were examined in
accordance with the current clinical recommendations
from the Ministry of Health of the Russian Federation.
The diagnosis of calculous cholecystitis was the indication
for conducting the laparoscopic cholecystectomy with
intraoperative fluorescent cholangiography.

For the fluorescent cholangiography, an intravenous

administration ~ of  domestically = manufactured
Indocyanine green («Life Sciences — Obninsk
Chemical-Pharmaceutical Company” LLC) was

conducted at dosages ranging from 1.25 to 10 mg.
The standard packaging of the product is 25 mg of
lyophilized product per vial, intended for dissolving in
10 ml of water for injections before use.

The recommended dosages mentioned in
the package leaflet vary from 0.25 to 0.5 mg/kg,
however, the literature data contain lower values —
0.1-0.2 mg/kg [8]. The practical experience shows
that the fluorescence effect depends to a greater
extent on the quantity of the product and on the
timing of its administration rather than on the body
weight-based calculations, which is related to the
technical characteristics and the sensitivity of the

ORIGINAL STUDY ARTICLE

equipment along with the sufficient level of the drug
product accumulation in the hepatobiliary system.

Methods for registration of outcomes

During the course of the research, the employed
equipment was from the leading manufacturers,
having various characteristics of infrared radiation with
a wavelength for the excitation of fluorescence ranging
from 780 nm to 805 nm: Arthrex 4K (USA), ELEPS 4K
(Russia), Rubina Carl Storz 4K (Germany), Olympus
OTV-S200 (Japan), Stryker PINPOINT HD (Canada),
Olympus OTV-S700 (Japan).

The evaluation of the efficiency of fluorescence
was conducted visually using the monitor screen. The
sufficient level was considered the one at which there
was a clearly detectable topography of structures of the
hepatoduodenal ligament and of the Calot’s triangle.

The obligatory criterion for surgical safety was
achieving the critical view of safety (CVS). The surgeries
were carried out using the uninterrupted fluorescence
mode at all the stages.

Statistical analysis

For representing the results and for the statistical
processing of the data, the Microsoft Excel software
was used. Data were presented as the mean
values + standard deviation.

RESULTS

Research sample (participants)

The research included 276 patients with clinically
and instrumentally confirmed diagnosis of calculous
cholecystitis, of which there were 78 (28.3%) men and
198 (71.7%) women, the mean age was 65.0+15.6 years
and the mean body mass index was 32.2+5.78 kg/m?.

Laparoscopic cholecystectomy with using the
ICG-cholangiography was carried out for all the
276 patients with various dosages.

During the initial stage of the research, in
5 (1.8%) patients, the dosage used was 10 mg with
the administration 6-8 hours before surgery, which
was accompanied by significant intraoperative
fluorescence of the liver, of the gall bladder and
of the extrahepatic bile ducts, complicating the
differentiation of anatomic structures and hindering
the confident dissection at the Calot’s triangle. Later
on, during the time periods ranging from 1 to 5 hours
from the moment of administering the drug product
and before the initiation of surgery, the dosages of
5 mg (in 72 patients, 26.1%), 2.5 mg (in 116, 42.0%)
and 1.25 mg (in 83, 30.1%) were tested.

36 https://doi.org/10.17816/clinpract685076



ORIGINAL STUDY ARTICLE

Main research outcomes

In a group of patients with a 5 mg dosage (n=72),
the best conditions for the visualization were achieved
in the interval of 3-4 hours from the moment of
administering the ICG. In this time interval, clear
fluorescence was observed for the extrahepatic bile
ducts with minimal background fluorescence or its
absence in the hepatic parenchyma. In the time interval
from 1 to 3 hours, hyperfluorescence was reported,
which was hindering the isolation of the cystic duct, the
identification and the determination of the topography of
the common bile duct. In the time interval of 3-4 hours
from the moment of administering the ICG, hepatic
fluorescence was not observed and clear differentiation
was achieved for the cystic duct and for the common
bile duct at the real time mode. As for the time interval
of 4-5 hours, the visualization persisted, however,
the intensity of fluorescence was slightly decreased,
requiring the light source to be moved closer.

In the second group (n=116), the Indocyanine green
dosage used was 2.5 mg. The drug was administered
1-4 hours and more before the initiation of the
intervention.

In this group, at an interval of 2-3 hours, the best
visualization was achieved: hypofluorescence of the
hepatic parenchyma with optimal fluorescence of
the extrahepatic bile ducts. When administering the
ICG 1-2 hours before surgery, hyperfluorescence
was observed, as a result of which, the tissues
had an intensive generalized fluorescence, which
hindered the differentiation of the structures in
the Calot’s triangle. After 3 hours, the intensity of
fluorescence was decreasing, but the anatomical
characteristics remained distinguishable. After
the expiration of 4 hours, there was only a weak
fluorescent effect observed, which required adjusting
the equipment settings.

In a group of 83 patients, the drug was administered
at a dosage of 1.25 mg intraoperatively 90 minutes
before the surgical intervention.

Upon administering the Indocyanine green
intraoperatively (40 minutes before surgery) the
observed findings in the patients included significant
fluorescence of the liver and of the gall bladder, as
well as of the hepatoduodenal ligament area, which,
at the beginning of surgery, hindered the accurate
anatomical identification of extrahepatic bile ducts.
With the time interval of administering the ICG ranging
from 40 to 120 minutes, the intensity of fluorescence
was decreasing to the comfortable level, which
allowed for determining the topography of extrahepatic
bile ducts and to safely conduct surgery with the
fluorescence mode turned on. The summarized data
on the dosages and the time intervals of administering
the ICG are provided in table 1, with the data on the
optimal fluorescence periods — in table 2.

The technical capabilities of the equipment allow
for adjusting the visual intensity of fluorescence
(hyper- and hypofluorescence): for this, in the
settings menu of the video-system assembly, in the
fluorescence mode section, it is necessary to adjust
the enhancement and the intensity depending on the
requirements. The brightness and the contrast ratio
can be adjusted for the visual comfort of the surgeon.

Undesirable phenomena

Based on the results of the research, in a group
of 276 patients undergoing the laparoscopic
cholecystectomy with ICG-fluorescent visualization of the
extrahepatic bile ducts, no complications were observed.
In 23 (8.3%) patients, the complications were successfully
avoided by clear following the technique of critical view
safety (CVS) and by using the intraoperative fluorescent
ICG-cholangiography (examples provided in Fig. 1, 2).

Table 1

Dosages and time intervals of administering the Indocyanine green (ICG)

Dosage, mg Time interval, h
1-3
5 3-4
4-5
1-2
2-3
3-4
>4
<40 min.

40-120 min.

2.5

1.25

Number of patients, n (%)
15 (20.8)
34 (47.3)
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Table 2
Optimal fluorescence windows
Do:"zge, ;Zt;::&i::::ﬁ 1-2 hours 2-3 hours 3-4 hours 4-5 hours
5
2.5
1.25
Designation

_ Hyperfluorescence — difficult to differentiate the structures

Optimal fluorescence window
Hypofluorescence — weak fluorescence

_ The intensity of hepatic staining is decreased

Fig. 1. Mirizzi syndrome: tight fusion of the Hartmann
pouch with the hepatic duct (arrow) due to inflammation
(incipience of Mirizzi syndrome formation).

DISCUSSION

The dissection of the area of the Calot’s triangle
during the laparoscopic cholecystectomy is an
important surgical step, during which, serious
iatrogenic complications can develop [8]. The accurate
identification of the cystic duct and of the cystic
artery can be quite difficult in cases of significant
inflammatory changes or rare anatomic variations in
this zone. In such situations, fluorescent visualization
provides potentially great benefits, facilitates the course
of the surgery and allows for avoiding the damage of
the common bile duct [9]. However, as of today, there
is no commonly accepted standard of conducting the
fluorescent laparoscopy during cholecystectomy [10].
ICG is a widely used water-soluble staining agent, which
is completely metabolized by the liver and excreted
solely via the bile ducts [11]. The main mechanism of
action is based on the fluorescence produced by the
ICG staining agent upon the exposure of light in the near
infrared range, which allows for visualizing the anatomical

Fig. 2. Damage of the subsegmental duct: bile leakage
after damage to the subsegmental duct (arrow).

structures by means of a specialized visualization
system [12]. The method allows for selectively
highlighting various structures, including blood vessels,
bile ducts and lymphatic vessels, however, the variation
of dosage and time of administered ICG significantly
affects the quality of fluorescent visualization [13]. In
particular, lower dosages of ICG can increase the total
visualization time, while higher dosages increase the
intensity of the fluorescent signal [13].

Despite the great theoretical benefits of fluorescent
laparoscopy with ICG during surgical interventions in the
biliary excretion system, currently its clinical application
is mainly experimental. In the systematic review by
M. Manasseh et al. [10], the results of 14 research works
were analyzed, which have demonstrated the safety of
the method and its benefits in the complex cases, with
this, only in single research works, the optimal dosage
of the staining agent and the timing of its administration
were determined. There are currently ongoing active
discussions regarding the optimal ICG dosage [14].
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A foreign research arranged by the group headed by
F. Pardo Aranda [13] has demonstrated the results similar
to ours — the best visualization being achieved upon
administering 2.5 mg of ICG to the patients 2-6 hours
before surgery. Notably, this dosage was not adjusted
depending on the weight of the patient or the body mass
index, otherwise this variability could hinder the precise
preparation of ICG solutions and could significantly
increase the labour-intensity for the medical staff.

Thus, for achieving the optimal fluorescence
window, the following dosages are recommended:
5 mg — when injecting 3-5 hours before surgery;
2.5 mg — when injecting 2-3 hours before surgery;
1.25 mg — when administering 40-120 minutes before
surgery. Intraoperative administration of 1.25 mg ICG
can be used, if necessary, but it requires changing the
settings in the video-system.

CONCLUSION

In our research, we tried to investigate the effects
of various dosages of domestically manufactured ICG
on the intraoperative visualization and their effects on
the surgical and post-operative results. This is the first
ever research involving the usage of the domestically
manufactured staining agent.

Intraoperative fluorescent cholangiography with
using the Indocyanine green proves its safety
and efficiency in the prevention of damaging
the extrahepatic bile ducts during the course of
laparoscopic cholecystectomy in patients with
calculous cholecystitis, while the possibility of
adjusting the fluorescence intensity by changing the
equipment settings together with selecting the
optimal dosages makes the fluorescent visualization
technology controllable.
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The Evaluation of Efficiency of the Impact of Vitamin D
and Remineralizing Toothpaste on the Structure

of the Dental Enamel in the Individuals with Homozygous
Polymorphism in the Gene, Encoding the Intracellular
Vitamin D Receptor (VDR)

S.N. Tikhonova, M.V. Kozlova, E.A. Gorbatova
Central State Medical Academy of Department of Presidential Affairs, Moscow, Russia

ABSTRACT

BACKGROUND: Only a few literature sources data show the relation of the VDR gene polymorphism and
the susceptibility to developing dental caries. Within this context, investigating the structure of the dental
enamel and the changes of its resistance under the effects of vitamin D and remineralizing therapy among
the persons with the homozygous polymorphism of the VDR gene (A/A) is topical. AIM: to investigate the
effects of vitamin D and the toothpaste with remineralizing contents on the structure of the enamel surface
of the impacted teeth extracted from the individuals with homozygous polymorphism of the VDR gene.
METHODS: In 2023-2025, within the premises of the Dentistry Department of the Federal State Budgetary
Institution of Continuing Professional Education “Central State Medical Academy”, a total of 200 students
aged 22-25 years were screened with undergoing a genetic testing to reveal the polymorphism of the VDR
gene. Out of the 36 assessed subjects, 18 individuals were detected with the homozygous A/A allele that are
currently undergoing orthodontic therapy and requiring an extraction of the impacted molars. A total 24 of
extracted teeth were tested with submerging them into the artificial saliva with an addition of various
media. The dental samples were distributed into four groups: only artificial saliva (I, control); 1000 IU of
cholecalciferol per 100 ml (ll); processing with remineralizing toothpaste (lll); vitamin D and remineralizing
toothpaste (IV). The evaluation of the structure of the dental enamel was carried out using the method of
confocal profilometry with measuring the Ra and Rp roughness parameters. RESULTS: In group Il with the
presence of cholecalciferol, changes were revealed in the roughness parameters (Ra, Rp) of dental enamel
surface, in group lll (processing with remineralizing toothpaste) the Ra and Rp parameters had similar digital
values. As for the samples from the group IV, comparing to the group I, smoothness was revealed in the dental
enamel surface, which is confirmed by the Ra and Rp (p >0.001) parameters. This effect can be explained
by the synergic action of the cholecalciferol and the remineralizing components of the toothpaste on the
structure of the enamel. CONCLUSION: In the individuals with homozygous polymorphism (A/A) of the VDR
gene, significant changes were revealed in the parameters of dental enamel roughness (Ra and Rp) after the
combined use of cholecalciferol and remineralizing toothpaste, which is related to the smoothening of surface
due to the formation of the homogeneous layer consisting of the microRepair microcrystals.

Keywords: polymorphism; VDR gene; confocal profilometry; remineralizing toothpaste; vitamin D;
cholecalciferol.
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BACKGROUND prevention measures and modern treatment
According to the results of researches on methods [1].

dental health, the incidence and the intensity of The susceptibility of dental enamel to the effects

dental caries remains high despite the conducted of cariogenic factors is mainly determined by its
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OPUTUHAJIbHOE NCC/TTIEAOBAHUE

OueHka 3¢ PpeKTMBHOCTN AencTBNA BUTammHa D

N peMUHepanusnpyoLen nacTbl Ha CTPYKTYpPy 3manv 3y60B
y NL, C FOMO3UIOTHbIM NOANMOPPN3MOM reHa,
KOAVPYIOLWEero BHYTPUKIETOUYHbIN peyenTop ButammHa D

C.H. TuxoHoBa, M.B. Ko3noBa, E.A. lop6aToBa
LleHTpanbHasa rocygapcTBeHHas MeguumHeKan akagemus YnpasneHus genamu lNMpesugeHta Poccuinckon ®egepaumn,
Mocksa, Poccus

AHHOTALIUA

O6ocHoBaHue. EfviHnyYHbIe INTepaTypHbie faHHbIE YKa3biBaloT Ha CBS3b MOAMMOpPgU3Ma reHa BHy TP -
KJeTO4YHOro peuentopa sutamuHa D (VDR) ¢ nipegpacro/iodXeHHOCThIO K pa3BUTUIO Kapueca. B cBsau
C 9TUIM U3YYEHNE CTPYKTYPbI dMasiv 3y60B U UBMEHEHU €€ PEe3NCTEHTHOCTU o4 AencTBueM ButamyHa D
n peMUHepannu3vpyroLer Tepanuu y JinL ¢ roMo3nroTHbiM rnosmmopgusmom reHa VDR (A/A) aensetcs
akTyasbHbIM. Ljenb nccnegoBaHuss — n3y4nTb fevicTBue ButammHa D mn 3yOHOWM nacTel C peMuHepa-
JIN3VPYIOLLMM COCTaBOM Ha CTPYKTYPY MOBEPXHOCTU aMasv yaanEHHbIX PETEHUPOBaHHbIX 3yO0B y /vl
C roMo3uroTHsIM rommopgusmom reHa VDR. Metogel. B 2023-2025 ropax Ha kagesnpe ctomaTosio-
rim OIeEY A0 LIr'MA o6cnegoBaHo 200 obyvaroLymxcsi B BospacTte 22-25 e, KOTOPbIM MPOBEAEH re-
HEeTNYeCKu TeCT Ha onpegeneHve noammopguama reHa VDR. BbisiBneHo 18 4enoBek ¢ roMo3nroTHbIM
annenem A/A, HaxoQVBLUVXCS HA OPTOLOHTUYECKOM JIEHEHUN U HYXKOAIOLUMXCS B SKCTPaKUMN PETEHU-
[POBaHHbIX MOJISIPOB. VI3ydann 24 ypanéHHbix 3yba, KOTOpbIe NMOMELLaIN B UCKYCCTBEHHYIO C/IIOHY C AO-
baBnieHneM pasinyHbeix cpen. Obpasybl 3y60B pacrpenesieHbl Ha YeTbIpe rpynrbi: TObKO UCKYCCTBEH-
Hasi cimoHa (I, KOHTpOos); xonekansuyngeposn 1000 ME Ha 100 mi (1l); o6paboTka pemuHepann3vpyroLLes
nactou (Ill); ButamuH D n pemuHepanmsupyrowjas nacta (V). ViccnegosaHue CTpyKTypbl aMany 3y60B
rpoBoAMIIN METOAOM KOHGOKa/IbHOU MPpOMUIOMETPUN C U3MEPEHNEM MOKa3aTesiel LUepOXoBaToOCTh
Ra v Rp. Pesynbratbl. B rpynre Il B npucyTCTBUN XOeKaabyupeposa BbisIBIEHbI M3MEHEHVST NMoKasa-
Tenen (Ra, Rp) wepoxoBaTtoCcTy rnoBepxHOCTU amasau 3ybos, B rpynne lll (obpaboTka pemvHepann3v-
pyroLer nacton) nokasatesv Ra v Rp umenn aHanornydHele Uyngposble 3Ha4YeHus. Y obpasLoB 3y6oB
rpynnbi IV B cpaBHeHW C rpynnov | oTMeYeHa CriiaXeHHOCTb LLUEPOXOBATOCTY MOBEPXHOCTY dMas, HTO
nogreep>kgaroT rnapametpbl Ra n Rp (p >0,001). daHHbii 3¢hheKT MOXKHO OOBLSICHUTL CUHEPIUYECKUM
JevicTBneM xonekaabungeposna n peMUHeEPaIN3npyoLlero coctaBa 3yo6Hou nacTel Ha CTPYKTYPY dMaJiv.
BaknrodeHne. Y L ¢ roMo3uroTHbIM rnosmmopguamom (A/A) reHa VDR ycTaHOBIEHO JOCTOBEPHO 3Ha-
4YMOE N3MEHEHME rNapamMeTpPOB LLIEPOX0BaToCTV amam 3yba (Ra v Rp) rnpm KOMieKCHOM UCo/1bL30Ba-
HuUM Xonekasbymgepona n peMuHepaansvupyroLler 3yOHON nacTbl, 4YTO CBS3aHO C BblpaBHUBaHUEM M0O-
BEPXHOCTY 3a CYET 06pa30BaHNsi FOMOreHHOro CJ1051, COCTOSILLIErO U3 MUKPOKPUCTA/I/IOB.

KrnroueBbie cnoBa: rosmmopgpuam; red VDR; KoOHoKasibHas rnpopuiomMeTpusi; peMUHepann3vpyrowasl
nacta; ButamuviH D; xonekanbyngepor.

Ans yntupoBaHus:

TuxoHoBa C.H., Kosnosa M.B., lop6atosa E.A. OueHka adhpekTnBHOCTN encTeusa sutamuHa D u pe-
MUHEPaNN3NPYIOLLEN NacTbl HA CTPYKTYPY aManu 3y60B y N, C FOMO3UrOTHbIM NOJMMOPMU3MOM reHa,
KOAMPYIOLLEro BHYTPUKIETOYHbIN peuentop BuTamuHa D. KnmHuuveckas npaktuka. 2025;16(2):41-52.
doi: 10.17816/clinpract678365 EDN: MJYCOQ

MocTtynuna 10.04.2025 MpuHsaTa 13.06.2025 Ony6nnkosaHa online 27.06.2025

structural features, which also depend on various
genetic variations [2].

There are quite few research works proving that the
polymorphism of the gene encoding the intracellular
vitamin D receptor (VDR Bsml rs1544410) is the reason
of vitamin D deficit [3, 4]. X. Qin et al. [5] have reported

the interrelation between low blood cholecalciferol
levels and high incidence of dental caries.

Previously, in the individuals with homozygous
polymorphism (A/A) of the VDR gene, the experiment
on evaluating the enamel structure using the electron
scanning microscopy has shown the morphological
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changes in its surface, resulting from the
demineralization process. The results of spectrometric
analysis have confirmed the activation of the hard
tooth tissues resorption phase, which manifested as an
impairment of the microelement content [6]. According
to the modern concept from the World Health
Organization, one of the most effective strategies for
caries prevention is the remineralizing therapy [7-9].
The preventive and therapeutic effects of mineral
elements (phosphorus, calcium, fluorine) are based on
their inclusion into the crystalline lattice formed by the
dental enamel apatites [10].

There are data on the effective endogenous
prevention of caries expressed as an additional
intake of vitamin D, affecting the calcium-phosphorus
metabolism [11].

In patients with homozygous A/A genotype,
blood vitamin D deficit takes place, being the reason

of impaired calcium metabolism and of developing
a dysbalance of bone tissue remodeling [12].

One of the variants of experimental evaluation of
the dental enamel structure is the confocal optical
profilometry [13], allowing for the assessment of the
enamel surface with using the digital methods and for
conducting the statistical analysis of the results.

Research aim — to evaluate the effects of
using vitamin D and toothpaste with remineralizing
components on the structure of dental enamel of the
impacted teeth extracted from the individuals with
homozygous (A/A) VDR gene polymorphism.

METHODS

Research design

The conducted research is classified as experimental
single-center prospective full-design controlled and
randomized research (Fig. 1).

SCREENED
200 individuals aged 22-25 years (68 males, 132 females),
studying at the Dentistry Department of the FSBI CPE CSMA in 2023-2025

GENETIC TESTING
Assessment of the VDR genotypes (Bsml rs1544410)

Inclusion criteria

® patients with detected homozygous (A/A) polymorphism of the VDR @ ®
gene and diagnosed with vitamin D deficit treated with daily intake of
cholecalciferol at a dosage of 1000 U, having the orthodontic indications
to extracting the third molars of the mandible, with the diagnosis of “K07.35

Impacted or unerupted teeth”

Non-inclusion criteria
screened individuals with the
diseases of the gastrointestinal tract,
kidneys abnormalities, oncological,
autoimmune or endocrine diseases
® pregnancy, breastfeeding

® extracted third mandibular molars with a developed anatomical structure in

the abovementioned patients

36 assessed (16 males, 20 females) with homozygous polymorphism (A/A)
of the VDR gene (Bsml rs1544410) and blood vitamin D deficit

24 extracted (according to the orthodontic indications) impacted lower molars
placed into the containers with artificial saliva (4 groups of 6 teeth)

I, control ]

+ cholecalciferol 1000 U
per 100 ml of solution

only artificial saliva

m v

+ cholecalciferol 1000 1U
per 100 ml of solution
+ treatment with remineralizing
toothpaste

+ treatment
with remineralizing
toothpaste

CONFOCAL OPTICAL PROFILOMETRY

Fig. 1. Research design.
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Within the premises of the Dentistry Department of
the Federal State Budgetary Institution of Continuing
Professional Education “Central State Medical
Academy” (FSBI CPE CSMA), 200 students aged
22-25 years were examined (68 males and 132 females)
with conducting the tests for determining the VDR gene
polymorphism (Bsml rs1544410).

Conformity criteria

Inclusion  criteria:  patients  with  detected
homozygous (A/A) polymorphism of the VDR gene
and with diagnosed vitamin D deficit despite the
daily intake of cholecalciferol at a dosage of 1000 IU,
having the orthodontic indications to extracting
the third mandibular molars, with the diagnosis of
“K07.35 Impacted or unerupted teeth”; the extracted
third mandibular molars had a developed anatomical
structure in all of the abovementioned patients.

Non-inclusion criteria: individuals with
gastrointestinal tract diseases, abnormalities in the
kidneys, oncological, autoimmune or endocrine
diseases; pregnancy, breastfeeding.

Research facilities

The clinical research itself, the procedures of
collecting the genetic material and the extraction
of the impacted mandibular molars were arranged
within the premises of the Dentistry Department of the
FSBI CPE CSMA.

The genetic testing purposed to reveal the
polymorphism of the VDR gene encoding the intracellular
vitamin D receptor was carried out at the “MyGenetics”
National Center of Genetic Tests (Novosibirsk).

The measurements of the dental enamel roughness
parameters were conducted using the S Neox confocal
optical profilometer (Sensofar, Spain) at the Federal
State Budgetary Scientific Institution “Technological
Institute for Superhard and Novel Carbon Materials”
under the National Research Center “Kurchatov’s
Institute” (Moscow, Troitsk).

Research duration
The research was carried out during the period from
2023 until 2025.

Medical procedure description

In patients with homozygous polymorphism
(A/A) of the VDR gene (n=18), using the conduction
and infiltration anesthesia with Ultracaine D-S forte
(Sol. Ultracaini forte) at the volume of 1.7 ml, the
formation and the delamination of the mucoperiosteal
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flap was carried out at the level of the third mandibular
molar projection, then, using the fissural dental drill,
the bony operculum was removed, followed by the
extraction of the impacted teeth using the elevator
tool. Later on, the mucoperiosteal flap was positioned
back to its place and sutured using simple interrupted
sutures. A total of 24 teeth were extracted.

Research outcomes

Main research outcome: the extracted teeth were
cleared of the soft tissues and placed into the flasks
containing the artificial saliva (structurized water;
electrolytes: Na* 0.3 g/I, K* 1 g/I, Ca?* 0.05 g/I, Mg?*
0.01 g/I, CI- 0.1 g/, (PO),* 0.1 g/I; organic substances:
0.5% carboxymethylcellulose and alginic acid, urea).
The dental samples in quantities of six were placed into
four flasks according to the following groups: group |
contained only the artificial saliva solution (hereinafter
referred to as the Control group); in group I, the
solution of artificial saliva was supplemented with
cholecalciferol at a concentration of 1000 1U/100 ml;
in group lll, into the enamel of the extracted teeth,
by means of the electric tooth brush, toothpaste
was rubbed in for 2 minutes twice daily (following
the 10 hours interval), with the paste containing the
microRepair microcrystals; in group IV, the extracted
teeth processed with the toothpaste according to
group Il protocol, were placed into the flask
containing the artificial saliva with cholecalciferol at
a concentration of 1000 1U/100 ml.

The flasks were stored at the incubation chamber
at 37°C for 72 hours, after which the teeth were taken
out and washed with water for 60 seconds.

Methods for registration of outcomes

The measurements in the dental enamel roughness
parameters were made at the contact surface of the
molars at the level of the tooth equator using the
diagonal and the horizontal profiles by means of
the S Neox confocal optical profilometer (Sensofar,
Spain). The three-dimensional images of the surface
were obtained with the x50 objective lens (vision field
dimensions 351x264 pym, resolution 0.13 pm) with using
the LED (Light Emitting Diode) light source at various
wavelengths: red (630 nm), green (530 nm), blue
(460 nm) and white.

The digital processing of the dental enamel surface
scans was conducted using the Senso SCAN and
Gwyddion software products.

The procedures of evaluating the roughness
parameters of the enamel surface were carried out in
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accordance with the State Industry Standard (GOST)
R ISO 25178-2-2014', regulated by the State Industry
Standard (GOST) 2789-73. The automatic data
calculations were done using the Sensofar software
(in accordance with ISO 4287).

The following parameters were evaluated within the
ranges of the basic length, allowing for interpreting the
changes in the dental enamel surface roughness at
the stages of the experiment: Ra (average roughness) —
the arithmetic mean of the deviations in the estimated
profile; Rp (maximum peak height) — the maximal peak
height within the profile.

Statistical analysis

For the statistical processing of the results and
for describing the data, the Statistica 13.3 (StatSoft
Inc.) and the GraphPad Prism 9 version 9.4.1 software
products were used. The mean values of the parameters
were provided as M+m, where M is the mean value and
m is the error of the mean. The statistically significant
differences taken into account were the ones with the
significance level (p) not exceeding 0.05.

RESULTS

Research sample (participants)

Within the premises of the Dentistry Department
of the FSBI CPE CSMA, a total of 200 students aged

' National Standard of the Russian Federation. GOST R ISO
25178-2-2014. The geometric characteristics of the products
(GPS). Access mode: https://docs.cntd.ru/document/12001163
49?ysclid=mc1xy4b8js53577141

22-25 years (68 males and 132 females) were screened
and underwent testing purposed to determine the
polymorphism of the VDR gene (Bsml rs1544410).

Based on the results of genetic testing, the group
with homozygous A/A allele of the VDR gene consisted
of 36 individuals (16 males and 20 females) with
diagnosed vitamin D deficit (blood serum concentration
was 9.04+2.02 ng/ml). From this group, 18 individuals
were selected (7 males, 11 females), in which, due to the
presence of orthodontic indications, an extraction of
the third mandibular molars was carried out (diagnosis:
“K07.35 Impacted or unerupted teeth”).

Primary findings

In the individuals with homozygous polymorphism
(A/A) of VDR gene, the microstructure of the dental
enamel samples stored in the artificial saliva solution
(group |, control) had changes in the structural profile.
The three-dimensional image of the surface of dental
sample, provided in Fig. 2, had a characteristic pattern
of numerous peak-like elevations above the baseline
surface, presented as an inhomogeneous plane of
predominantly red color. Fig. 3 shows the graphic
profile of such surface, having a high rate of alternating
peaks and valleys. After the digital processing of the
obtained data, the Ra value was determined, which
equals 0.436+0.052 upon measuring in the diagonal
direction and 0.308+0.172 for the horizontal direction
(Fig. 4), along with the values of the maximal height
variation of the Rp — 1.421+£0.16 and 1.440+0.46,
respectively (Fig. 5).

LED light source (wavelegth)

. red peak (630 nm)

E white (550 nm)

340.0 0.0

Fig. 2. Three-dimensional image of the enamel surface sample from group |.
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Fig. 3. Enamel surface profile of the sample from group I.
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Fig. 4. Ra parameter chart (the arithmetic mean of the deviations for the estimated profile: 1 — diagonal measurement;
2 — horizontal measurement).
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Fig. 5. Rp parameter chart (maximum height of the profile peak: 1 — diagonal measurement; 2 — horizontal
measurement).
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The enamel surface in the extracted impacted
teeth from the group Il with an addition of 1000 IU of
cholecalciferol to the artificial saliva solution, upon
the analysis of its three-dimensional images, had an
enlarged area of the green and blue-colored fields
(Fig. 6). The graphic representation of the height peaks
has shown a moderate variation between the highest
and the lowest points of the roughness line graph
(Fig. 7). After the digital evaluation of the surface profile,
the Ra parameter was 0.840+0.119 for the diagonal
measurement and 0.855+0.147 for the horizontal one
(see Fig. 4), the Rp criterion has shown the values of
1.95+0.04 and 2.45+0.04 (see Fig. 5).

The surface pattern of dental samples after rubbing
the toothpaste with remineralizing compound in
group lll was visualized in the three-dimensional images
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as the predominance of colored areas of green and blue
spectrum as compared to the moderately expressed
red-colored areas (Fig. 8). The distribution of colors had
intensive optical borders. The graphic representation of
the surface of the enamel treated with the toothpaste,
was observed as a wave-like line, in which foci of
smoothened peak profile was alternating with the
peak-like ones (Fig. 9). The values of roughness were the
following: Ra 0.966+0.256 (diagonal measurement) and
1.281+0.586 (horizontal measurement) (see Fig. 4), while
the height variation (Rp) was 2.21+0.86 and 2.49+0.41,
respectively (see Fig. 5).

In group 1V, after processing with the toothpaste
having a remineralizing effect and after an addition of
vitamin D (1000 IU per 100 ml), the three-dimensional
images of the surface looked structurized, without any

LED light source (wavelegth)

. red peak (630 nm)

. blue (460 nm)

S
340.0 0.0

Fig. 6. Three-dimensional image of the dental enamel surface sample from group II.

6
Z axis — roughness
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\/\/f/ ki
2 N Al
v\\/\ ’\/\\/ AVt
E 0 [ NA \/A/\ """"""""""""""""""""""""""""""""""""""""""""""""""""" 1 Xaxis — base length
- of the measured
N
-2 \\] JA\ /_\/«/‘1 //J\/ enamel section
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0 40 80 120 160 200 240 280 320
X, nm

Fig. 7. Enamel surface profile of the sample from group II.
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LED light source (wavelegth)

: . red peak (630 nm)
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white (550 nm)

. green (530 nm)

. blue (460 nm)

340.0 00

Fig. 8. Three-dimensional image of the dental enamel surface sample from group Ill.
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Fig. 9. Enamel surface profile of the sample from group Il

sharp peaks or valleys, also having a clear geometry of
colored zones (Fig. 10). The profile graph did not have
a peak-like gradient of graphic height, while the enamel
surface has gained quite a smooth pattern with no signs
of porous structure (Fig. 11). The roughness parameter
Ra had the following values: diagonal measurement
3.482+0.158, horizontal - 3.568+0.476, Rp — 4.67+0.74
and 4.87+0.98, respectively (see Fig. 4, 5).

DISCUSSION

In all the groups, upon analyzing the results
of measurements at the horizontal and diagonal
directions, we have obtained the parameter values
with no significant difference, which indicated the
significance of data measured for the surface of the

object having a volumetric non-linear shape — the
equatorial zone of the contact surface of the tooth.

In patients with homozygous polymorphism (A/A)
in the VDR gene, when evaluating the results of
confocal profilometry, we have found that in group |
(teeth contained in the solution of artificial saliva and
vitamin D), changes have developed in the roughness
of the enamel surface of the extracted teeth.
An elevation of the values for the parameters Ra
(1.4-fold; p=0.01) and Rp (2-fold; p=0.01) comparing to
the group | (control) indicated the smoothness of the
surface profile (see Fig. 4, 5). In the three-dimensional
images, the additionally visualized findings included an
enlargement of the areas colored green and blue (see
Fig. 6). It can be suggested that this transformation
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Fig. 11. Enamel surface profile of the sample from group IV.

of the enamel surface is related to the formation of
mineralization zones due to the sedimentation of
calcium-phosphate compounds from the artificial
saliva solution in the presence of vitamin D.

The results in groups Il (addition of cholecalciferol
to the artificial saliva solution) and Ill (processing the
enamel of the extracted teeth with remineralizing
toothpaste) had significant changes in the roughness
parameters comparing to the group | (control).

Upon comparing the Ra and Rp digital parameters
between groups Il and lll, statistically insignificant
differences were revealed: the presence of
cholecalciferol in the artificial saliva or processing with
remineralizing toothpaste have demonstrated similar
digital values of roughness.

www.clinpractice.ru

As for the samples from group IV (extracted teeth
contained in the artificial saliva solution with vitamin D
and processed with remineralizing toothpaste),
they have demonstrated significant changes in
the roughness of the enamel surface, which was
confirmed by an increase in the values of Ra (8-fold;
p=0.000001) and Rp (3-fold; p=0.00005) comparing
to the control group | (see Fig. 4, 5). The obtained
results are determined by the synergetic effects of
vitamin D and microRepair microcrystals contained in
the toothpaste.

This research points out that, among the individuals
carrying the homozygous polymorphism (A/A) of
the VDR gene, the combined use of remineralizing
toothpaste and cholecalciferol promotes to the
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improvement in the structure of the dental enamel and
increases the level of its resistance.

CONCLUSION

In patients with homozygous polymorphism (A/A)
of the VDR gene, upon containing the extracted
impacted teeth in the solution of artificial saliva with
further addition of cholecalciferol at a concentration
of 1000 1U/100 ml and upon treating the enamel with
remineralizing toothpaste, significant changes were
shown for the Ra (p=0.000001) and Rp (p=0.00005)
parameters. The increase of the values of these
parameters results in a decrease in the pronounced
roughness of the dental enamel, which is related to
the formation (in the presence of vitamin D evenly
distributed along the surface) of the homogeneous
layer consisting of microRepair microcrystals.

The obtained results can be used for developing
the program of preventing dental caries related to
the impaired mineral metabolism caused by the
homozygous polymorphism (A/A) of the VDR gene
among the patients, which are in the high risk group.
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Combined Physical Activity in the Prevention
of Cardiovascular Diseases: From Physiological
to Molecular Adaptation Mechanisms
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ABSTRACT

Physical activity is recognized as the most important non-medicinal tool for the prevention of
cardiovascular diseases, however, the highest efficiency is demonstrated by the programs combining
various types of physical load. The present review summarizes the current scientific data on the effects
of combined physical activity, including the aerobic exercises of moderate and high intensity and the
muscle strengthening exercises, as well as the ones affecting the system of cardiometabolic regulation.
A disclosure is provided for the multi-level adaptation mechanisms, encompassing the physiological,
vegetative, hormonal, molecular and epigenetic levels. It was justified that combined training modalities
possess the synergetic effects, facilitating the decrease of blood pressure, the increase in the cardiac
rhythm variability, the improvement of insulin sensitivity, the decrease of chronic inflammation and the
activation of cardioprotective transcription programs. A detailed description was provided for the key
molecular pathways participating in the adaptational response (AMP-activated protein kinase, mTOR,
PGC-1a, autophagia and the unfolded protein response), as well as the role of exerkines — the signaling
molecules produced in response to physical load. Special attention was paid to the epigenetic
modifications, including the methylation of DNA, the regulation of microRNA and the telomere stability, as
the mechanisms of long-term protection from the cardiovascular diseases. The data provided emphasizes
the necessity of introducing the combined modalities of physical activity into the programs of individual
and populational prevention. Besides, further research is required on the optimal combination of intensity,
extent and patterns of physical load for various population categories for the purpose of maximizing
the protective adaptation of the cardiovascular system.

Keywords: physical activity; cardiovascular system; prevention; physiological adaptation; epigenetics;
exerkines; mTOR; AMP-activated protein kinase; PGC-1a; variability of cardiac rhythm.
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INTRODUCTION

Cardiovascular diseases (CVD) remain one of
the leading causes of incapacitation, morbidity and
premature mortality, representing one of the most
severe problems for the modern public healthcare [1].
According to the data from the Global Burden of

© Eco-Vector, 2025
The article can be used under the CC BY-NC-ND 4 license

Disease research conducted in 2022, the global
number of fatal outcomes related to CVD, has
increased from 12.4 min in 1990 to 19.8 min in 2022 [2].
This dynamic change indicates the inextinguishable
growth of the CVD burden, with this group of diseases
continuing to take the first place among the causes of
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AHHOTALUA

dusnyeckasi akTUBHOCTb MpuU3HaHa BaXHENLLUUM HEMEQUKAMEHTO3HbIM VHCTPYMEHTOM MpoguiaKTu-
KW cepAeYHO-CcocyamcTbix 3abosieBaHWi, 0gHaKo HanboIbLLYO 3hEKTUBHOCTL JEMOHCTPUPYIOT MpO-
rpamMmbl, co4YeTarolyme pasanyHble BUAbl (PU3NHECKUX Harpy3ok. B HacToswem ob3ope 0606LyeHb]
COBPEMEHHbIE Hay4YHbIE AaHHbIE O BNSIHUA KOMOVWHWUPOBAaHHON (DU3NYECKON aKTUBHOCTU, BKJIHOYat0-
Ljevt aspObHbIe Harpy3ky YMEPEHHOW 1 BbICOKOM MHTEHCUBHOCTY U YIPaXKHEHVST Ha pa3BUTUE MbILLEY-
HOWV CUJlbl, HA CUCTEMY KapanomeTabonndeckon perynsuymn. OnucaHbl MybTUYPOBHEBbLIE MEXaHN3Mb]
aganTauyuy, oxeaTblBaroLme hu3noaIorn4eckue, BereTatuBHble, rOPMOHaIbHbIE, MOIEKY/ISIPHbIE U SMU-
reHeTn4eckme ypoBHU. OBOCHOBAHO, HYTO KOMOUHUPOBAHHLIE TPEHUPOBOYHbLIE PEXVMbI OKa3biBaroT
CUHEPreTn4ecKoe AencTBme, CrioCOOCTBYSI CHUXEHUIO apTepuabHOro AaB/eHVs], MOBbILLEHNIO Bapua-
6e/IbHOCTY Cepae’YHOro pPUTMa, Yy4qLUEHWU WUHCYMHOYYBCTBUTE/IbHOCTY, CHUXEHUIO XPOHUYECKOIro
BOCnaneHnsi N aKTUBaLUumn KapamorpOTEKTUBHbIX TPaHCKPUMLMOHHbIX rnporpamMm. [etasbsHo paccmar-
PUBAaKTCSI K/IOHYEBbIE MOJIEKY/ISIPHbLIE MyTH, y4YacTBytome B agantaymoHHom otsete (AMPK, mTOR,
PGC-1a, aytogparus, UPR), a TakXe pO/ib 3K3EPKUHOB — CUrHasIbHbIX MOJIEKYJ, MPOAYyLNPYEMbIX
B OTBET Ha (uan4eckyro Harpy3ky. OTgeslbHOe BHUMaHWE y[e/IeHO 3MUIreHETUHECKUM MogugpuKaLm-
M, Bkatodas metuamposaHue [JHK, perynsaymio mukpoPHK v TenomepHyto cTtabusibHOCTb, KakK Mexa-
HM3MaM [OIroBPeMEHHOM 3aLynTbl OT CEPAEYHO-COCYANCTLIX 3aboneBaHuii. [pencTaBneHHbIe JaHHbIE
noa4YépKMBalOT HeEOOXOAMMOCTb BHEAPEHUS KOMOUHUPOBAHHbBIX PEXVMOB (BU3NYECKON aKTUBHOCTY
B nporpaMmbl MHANBUAYaIbLHOM Y NOMYySLUNOHHON rnpopunakTuky. Kpome Toro, Tpebyetcsi gasbHe-
Luee usyHeHne onTUMaabHOro COYeTaH!s UHTEHCUBHOCTY, OO bEMA 1 HarpPaBAEHHOCTU (PU3NYECKUX Ha-
rpPY30K [J151 Pa3/INYHbIX KATErOpui HacesleHUs C Lesbio MakCuMmmusaymv agantayoHHbIX BO3MOXKHOCTEN
cepaeyHo-cocyanCcTon CUCTEMBI.

KnroueBble cnoBa: usndeckasi akTUBHOCTb, CEPAEYHO-COCYAUCTasl CUCTeEMa; TPODUIaKTUKa;
usnonorndeckas agantayvsi; anureHeTuka; ak3epkHsl; mTOR; AMPK; PGC-1a; BapnabesbHOCTb cep-
[Ee4YHOro putma.
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mortality and loss of working capacity in the Russian
Federation [3].

Notably, the high incidence of CVD is observed
not only in the countries with high income level:
approximately 80% of all the fatal outcomes related
to CVD are registered in the countries with low and
medium income level, which emphasizes the omnitude
and the multi-aspect nature of this epidemiological
problem [4]. In Russia, from the middle of 60s of the
past century, a growth was observed in the general
mortality, especially the CVD-related one, unlike the
stable decrease in the Western countries. The main
factors of such growth became the urbanization, the
alcoholization and the spreading of risk factors (increased
blood pressure, smoking, hypercholesterolemia). From
2003, the mortality was beginning to decrease, mainly
due to the decreased spreading of risk factors and
improving the accessibility and the quality of medical
aid, however, Russia still remains a country with high
CVD-related mortality rates with significant regional
and gender-associated differences [5].

Cardiovascular diseases develop under the influence
of a whole spectrum of complex factors, among
which, special place is taken by the behavioral and
the modifiable determinants, including the insufficient
physical activity, the non-balanced nutrition, chronic
stress, abnormal sleep modes and the effects of
unfavorable factors from the environment. Insufficient
physical activity, in particular, is recognized as one
of the key global risk factors of CVD, associated with
significant increase of the relative risk of general and
cardiovascular mortality [6].

According to the actual global review [7], the
incidence of insufficient levels of physical activity is
26.3% of the general population. This problem takes
the central place in the list of modifiable behavioral risk
factors, according to the recommendations from the
American Heart Association (AHA), set forth in the Life’s
Essential 8 concept, along with the control of blood
pressure, lipid profile, glucose level, normalization of
the body weight and smoking cessation.

Despite the recognized efficiency of physical
activity in the context of preventing CVD, there still
remains a disputable issue on the optimal distribution
and combination of various types of physical load —
moderate, intensive or muscle strength oriented —
from the point of view of the cardioprotection. In one
of the most representative cohort studies based on
the data from the National Health Interview Survey
(NHIS) [8], it was found that the best decrease in the
risk of cardiovascular mortality was observed in cases

of combined use of all the three types of physical
activity. This emphasizes the necessity of adding the
strength exercises to the aerobic activity of moderate
and high intensity as a part of CVD prevention strategy.

Similar conclusions were reported by M. Hollings
et al. [9], pointing out the progressive muscular
exercises promote to the improvement of
cardiorespiratory stamina — one of the most
significant predictors of survival rate in patients with
ischemic heart disease. Thus, multicomponent physical
training sessions including the aerobic and strength
exercises play a key role in primary prophylaxis and
decreasing the global CVD burden.

We have arranged a comprehensive analysis of the
existing data on the effects of various types of physical
activity (moderate and high intensity aerobic, as well
as muscle-building exercises) on the cardiovascular
wellness with an accent to the mechanisms of
their action in a context of primary prevention of
cardiovascular diseases.

Methodology of searching and selecting

the research works

The analysis included the scientific literature
published from 2000 until 2024 in the international
databases — PubMed, Scopus, Web of Science, as
well as at the Google Scholar and eLIBRARY platforms.

To select the relevant sources, we used the
following key words and logical operators: “physical

LT

activity” AND “cardiovascular adaptation”, “combined

exercise” AND “prevention of cardiovascular
disease”, “molecular mechanisms” OR “epigenetics”
AND “exercise”, “autonomic nervous system”

AND “training”, “exerkines” OR “PGC-1a” OR “AMPK”
OR “mTOR”.

From the initial sample of more than 600 publications,
a total of 72 sources were selected, reflecting the most
significant and recent data on the topic.

A REVIEW OF THE ADVANTAGES

OF COMBINED PHYSICAL ACTIVITY COMPARING

TO THE ISOLATED EXERCISE PATTERNS

Modern cardiology and preventive medicine are
more and more actively investigating physical activity
as an integral part of the combined prevention of CVD.
The systematic participation in physical activity is
recognized as one of the most effective and accessible
instruments of modifying the risk factors, associated
with CVD and premature mortality. However, for
achieving the maximal therapeutic and preventive
effect, more and more attention is paid not only to the
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extent and the regularity of physical activity, but also
to its structure, intensity and diversity.

According to the recommendations on the
primary prophylaxis of CVD, presented in 2019 [10],
the adults are recommended to devote not less than
150 minutes a week to physical activity of moderate
intensity, or 75 minutes for high intensity, or their
equivalent combination. These recommendations,
being aimed at decreasing the risk of developing
CVD, reflect the universal approach to the prevention,
however, they insufficiently enlighten on the proven
benefits of supplementing the training program with
exercises aimed at strengthening the skeletal muscles.
According to the number of epidemiological and
interventional researches, specifically the combined
model of physical activity, including the aerobic
and strengthening components, is associated with
the most significant decrease in the risk of both the
cardiovascular and the total mortality [8, 11].

Physiological mechanisms lying at the roots of
such effects are various. Moderate physical activity
is generally associated with an increase of the total
energy usage, with the normalization of the lipid and
glycemic profile, with the decrease in the quantity of
visceral fat and with the improvement of the arterial
tone [12], while the highly intensive load significantly
effects the development of cardiorespiratory stamina,
which is an independent predictor of survival rate,
regardless of the gender, the age, the body mass index
and ethnicity [13, 14].

The clinical and populational research works
confirm that combining the exercises of various
intensity provides a synergetic effect. For example, even
moderate physical activity promotes to the decrease
of cardiometabolic risk, however, its combination with
intensive physical exercises demonstrates significantly
more pronounced decrease in the CVD mortality [15].
Moreover, the benefit remains even in case of a minimal
life style modification: for example, when changing
the sedentary behavior to mild activity during the day
combined with regular sessions of aerobic exercises [16].

The meta-analysis of interventional studies [17]
has shown that active physical load decreases
the levels of inflammatory markers, normalizes the
parameters of cardiac rhythm variability and promotes
to the decrease of blood pressure. These effects
are especially pronounced when combining the
aerobic and strength-building exercises, while the
strength exercises itself promote to the improvement
of metabolic homeostasis, to the decrease of insulin
resistance and to the increase of muscle mass, which

REVIEW

is of major importance at the elderly age. For this age
group, the additionally recommended are the balance
and coordination exercises, promoting to decreasing
the risk of falling and concomitant incapacitation [18].

From the point of view of pathophysiology, the
intensity of loading directly affects the degree of
intensity of the adaptational processes. The randomized
research works have found that intensive physical
activity promotes to more significant increase in the
heart rate and lactate level, while the moderate load
shows a stable effect on the vascular reactivity and
microcirculatory network. Besides, physical activity of
various intensity can variously affect the expression of
microRNA, participating in re-modeling of vessels and
in the arteriogenesis, which opens new perspectives in
a context of molecular medicine [19, 20].

Special attention should be paid to the data obtained
using the accelerometry method, indicating that
changing even 5 minutes of sedentary lifestyle to high
intensity activity may lead to the improvement of body
constitution, to the increase in the level of fat-free body
weight and to the improvement of cardiorespiratory
functions, especially in children and adolescents [21].
In younger adults with excessive body weight, it was
proven that moderate and high-intensity physical
activity is more effective than the mild one in terms
of improving the cardiometabolic wellness [22]. At the
same time, it should be taken into account that, for the
majority of the population, especially for individuals
from the older age group, high-intensity exercises
can be less acceptable, which is why specifically
the reasonable combination of exercises of various
intensity and patterns is the most practicable strategy.

As shown by the comparative research works,
moderate and intensive exercises similarly affect the
decrease of the total and cardiovascular mortality,
however, specifically the intensive physical activity, to
a greater extent, is associated with a decrease in the
oncological mortality [23]. This additionally underlines
the multisystemic effect of physical activity and the
topicality of the individualized approach to compiling
the training programs.

The combined training models demonstrate not only
the preventive, but also the therapeutic potential. A cohort
study based on the data from the National Health Interview
Survey in the USA (NHIS) [8] has demonstrated that the
most significant decrease of cardiovascular mortality
was observed among the individuals, combining aerobic
exercises of various intensity with strength exercises.
Detailed results were obtained during the controlled
clinical research [24], where the 12-weeks program,
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including the cardio- and strength-related components,
has lead to a significant decrease in the values of heart
rate at rest, the blood pressure, the body weight and
the fat mass, as well as to the improvement of maximal
oxygen consumption (VO, max).

Thus, the necessity of revising the existing guidelines
becomes evident with an accent to structural diversity
of physical activity. The inclusion of the provisions
concerning the significance of combined physical
activity into the official recommendations shall allow for
increasing the efficiency of both the primary and the
secondary prevention of CVD, as well as the degree of
patients’ compliance to healthy lifestyle. The formation
of a holistic approach based on the integration of
various types and levels of physical activity must
become an integral part of the modern programs of
preventing and rehabilitation for CVD.

Combined physical activity (aerobic+strength-
building) provides more intensive cardiometabolic and
preventive effects comparing to the isolated types
of exercises. Combining various types of exercises
promotes to synergetic effects on the cardiovascular
system, decreasing the mortality and improving
physiological adaptation.

HORMONAL ADAPTATION

TO PHYSICAL ACTIVITY: METABOLIC

AND ENDOCRINE EFFECTS

Physical activity causes a number of systemic
positive effects on the metabolic health of the human,
largely thanks to its regulating effects on the hormonal
homeostasis [25]. One of the key endocrine effects
of the regular motor activity is the increase in the
sensitivity of the target tissues to insulin, especially
when performing exercises aimed at developing
muscle strength and increasing the muscle mass [26].

It was found that regular physical activity promotes
to the modulation of the transduction of insulin signals
in the skeletal muscles [27], stimulating the biogenesis
of the mitochondria and the remodeling of muscle
tissue by means of the activation of a number of
molecular signaling pathways, including the endothelial
nitric oxide synthase (eNOS), the peroxisome
proliferator-activated receptor-gamma coactivator-1a

(PGC-1a) and the mitofusin [28-30]. These
mechanisms play the key role in increasing the oxidative
capabilities of the muscles, improving both the
metabolic flexibility and the insulin sensitivity [31].

Physiologically, eNOS increases the perfusion of
tissues, sensitive to insulin, such as the myocardium
and the skeletal muscles, by this enhancing the delivery

of glucose and other metabolites [32]. Moreover, during
the randomized controlled research, it was shown that
10-weeks strength-building training course promotes
to the improvement of localizing the neuronal nitric
oxide synthase (NNOS) in the skeletal muscles, which is
critically important for the effective vasoregulation [33].

Physical activity also activates the expression and
the translocation of GLUT4 (glucose transporter type 4),
providing an increased uptake of glucose by muscle
cells and facilitating its accumulation as glycogen
[34, 35]. Even a single training session (for example,
45-60 minutes of riding a bicycle at 60-70% of VO,
max) induces the translocation of GLUT4 to the cellular
membrane in the skeletal muscles in patients with
type 2 diabetes mellitus [36]. This mechanism forms
the basis of improving glycemic control in the given
category of individuals.

Special significance is gained by physical activity
aimed at developing the muscle strength, for it promotes
to the increase of muscle mass — the main glucose
depot in the organism — and to the improvement of
its metabolic quality [37, 38]. Thus, only two sessions
of progressive strength-building sessions a week, even
with no additional interventions in the diet, significantly
improve the sensitivity to insulin, decrease the fasting
glucose level and reduce visceral obesity in elderly
men with type 2 diabetes mellitus [39].

The efficiency of physical training is also observed in
persons with pre-diabetes, as well as among those who
are in the high-risk group in terms of developing type 2
diabetes. The network meta-analysis [40], including the
data from 13 randomized controlled studies, has shown
that 12-weeks programs of physical activity combining
aerobic and strength-building exercises significantly
decrease the level of glycated hemoglobin, (HbA1c) in
persons with impaired glucose tolerance. Moreover,
regular physical activity, both combined with controlling
the body weight and in the autonomous mode, was
proven to promote the prevention or significant delay
of the manifestation of type 2 diabetes mellitus [41, 42].

Special attention deserves the role of
catecholamines — adrenalin and noradrenalin —
in the regulation of the metabolism and the cardiovascular
functions in response to physical load. These hormones
are synthesized by the medullary substance of the
adrenal glands and they are released in response to acute
stress, including physical activity [43]. The stimulation
of B-adrenoreceptors with catecholamines increases
the rate and the strength of heart contractions, dilates
the arterioles in the skeletal muscles and enhances the
accessibility of metabolic substrates [44].
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Catecholamines also modulate the functions
of the immune system, in particular, the activity of
T- and B-lymphocytes, the synthesis of cytokines and
antibodies, which is of significant meaning both for
the immuno-metabolic regulation and for systemic
anti-inflammatory response [45]. Besides, they provide
the mobilization of fatty acids and glucose, required for
supporting the energy needs of the skeletal muscles
during the long-term physical activity [45, 46].

The level of catecholamines production directly
correlates with the level of physical training: among the
individuals training the stamina, the findings include
higher capabilities to adrenalin secretion, which was
denominated as the phenomenon of “sports-related
adrenal cortical hyperplasia” [44]. Moreover, regular
physical activity induces the adaptation of the
sympathoadrenal system, increasing the sensitivity
of peripheral adrenoreceptors and the efficiency
of response reactions to physical load [47], which
additionally contributes to the improvement of the
regulation of blood pressure, of glycemic control and

REVIEW

of the lipid metabolism. Table 1 summarizes the main
hormonal effects of physical activity [26-47].

Thus, hormonal adaptations induced by regular
physical activity, are implemented by means of
the multi-level mechanisms — from the molecular
activation of insulin-dependent signaling pathways to
systemic modulation of catecholamine activity and
vascular regulation. These processes not only promote
to the improvement of metabolic and hormonal status,
but also play the key role in the prevention and control
of chronic non-infectious diseases, including type 2
diabetes mellitus and CVD. Thus, the integration of
aerobic and strength-building components of physical
activity into the structure of everyday activities is
a justified strategy of preserving the hormonal balance
and metabolic wellness at all the stages of life.

Regular physical activity promotes to the
improvement of hormonal background and metabolic
wellness due to the increase of sensitivity to insulin and
due to the activation of anabolic signaling pathways.
These adaptations decrease the risk of developing

Table 1
Hormonal effects of physical activity
Hormonal effect Mechanism of action LLEOC .pl_1yS|caI Source
activity
Activation of signaling pathways
Increasing the sensitivity to insulin in the m.us_clel's (eNOS, PGC-1a, Strength-building, [26-31]
mitofusin); stimulation of biogenesis | aerobic
in mitochondria
Improvement of circulation Increased activity of eNOS Aerobic, [32, 33]
in the target organs and nNOS strength-building ’
Translocation of GLUT4, Incre_zased expression of GLUT4 Aerobic, especially
. and its translocation to the cell . L ) [34-36]
increased glucose usage with high intensity
membrane
Increasmg thg muscle mass and Growth of muscle mass, |np_rea§ed Strength-building [37-39]
metabolic activity of the muscles the reserves for glucose utilization
Decreased insulin resistance Combined adaptation: decrease Combined (aerobic+ [40]
in pre-diabetic individuals of fat mass, improvement of HbA1c strength-building)
Prophylaxis of type 2 diabetes Physical load, decrease in the body | Aerobic, [41, 42]
among the persons of the risk group weight, dietary intervention strength-building ’
. . . Activation of the adrenal glands and
Stimulation of the secretion . .
. of the sympathetic nervous system Intensive [43-45]
of catecholamines . .
in response to physical load
Improvement of the functions
. . . Increased heart rate, force . .
in the cardiovascular system via . . Aerobic, intervallic [44]
of contractions, vasodilation
the B-receptors
Increased lipolysis and oxidation Incrggseq catecholamine response; Intensive [45, 46]
of fats mobilization of energy substrates
Increasing the sensitivity Long-term adaptation of the Regular aerobic and [47]
of the adrenoreceptors sympathoadrenal system strength-building
Note. eNOS/nNOS — endothelial/neuronal nitrogen oxide synthase; PGC-1la — peroxisome proliferator-activated
receptor-gamma coactivator-1a, regulator of mitochondrial biogenesis; GLUT4 — glucose transporter, type 4;

HbA1c — glycosylated hemoglobin.
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metabolic syndrome and type 2 diabetes mellitus,
especially when adding the strength-building exercises.

VEGETATIVE ADAPTATION TO REGULAR

PHYSICAL ACTIVITY

Physical activity acts as an important stimulus for
vegetative restructurisation, facilitating the development
of stable neurophysiological changes, directed at
increasing the efficiency of cardiovascular, metabolic
and respiratory regulation. The adaptational processes
in the vegetative nervous system play the key role in
providing the homeostatic resistance of the organism to
physical load of various intensity and duration.

The vegetative nervous system functions by means
of two complementary segments — the sympathetic
and the parasympathetic nervous systems. The
activation of sympathetic nervous system initiates the
so-called “fight or flight” reaction, accompanied by
the acceleration of the cardiac rhythm, by elevation of
blood pressure, by vasoconstriction and the decrease
in the gastro-intestinal motor activity. On the contrary,
the parasympathetic nervous system implements the
reparative processes at rest, decreasing the frequency
of heart contractions, facilitating the vasodilation,
activating the secretion and the peristaltic motions in
the digestive tract [48].

One of the key markers of vegetative tone used in
clinical practice and sports medicine is the variability
of the cardiac rhythm — the reflection of the degree
of variation of the intervals between the consecutive
heart contractions [49]. The low level of cardiac
rhythm variability is significantly associated with
elevated risk of sudden cardiac death, cardiac failure,
hypertension and metabolic disorders, including
type 2 diabetes mellitus.

One of the most important adaptations to regular
physical activity, regardless of its modality, is the
increase of parasympathetic tone with a simultaneous
decrease in the activity of the sympathetic segment.
These changes, occurring with preserved normal
functions of the sinusal node, are due to the increased
vagus modulation of the heart rate, facilitating its
decrease at rest and the increase in the cardiac
rhythm variability [50]. Such a parasympathetic shift
is considered as the marker of high-level functional
adaptation of the cardiovascular system and of
decreasing the risk of developing CVD [51].

It was found that regular physical activity, especially
of aerobic type, leads to an increase in the cardiac
rhythm variability, both among the individuals with
already diagnosed CVD and among the healthy

individuals, which confirms its multi-purpose effects
on the vegetative balance [52]. At the same time,
neurophysiological adaptations occur also at the
level of central regulation, in particular, in the rostral
ventrolateral part of the medulla oblongata, playing
the key role in the modulation of the sympathetic
tone. These changes promote to the decrease of
hyperactivation in the sympathetic nervous system,
which is especially characteristic for persons with
chronic stress and cardiometabolic disorders [53].

Moderate and intensive physical activity improves
the sensitivity of the sympathetic nervous system
to physiological stimuli, increasing the efficiency of
responses upon physical loading due to more rational
use of energy resources and due to the mobilization
of catecholamines [54, 55], which is accompanied by
an increase in the cardiac output, by vasodilation in
the skeletal muscles, by the improvement of glucose
transport and by an increased lipolysis.

Interestingly, but even at rest after regular aerobic
exercises, a decrease is observed in the sympathetic
activity, while when using the submaximal physical
lead, a more energy efficient regulation of the
vegetative is achieved, which indicates increase of the
total vegetative efficiency [54, 55].

The vegetative adaptation is also characteristic for
the strength-building exercises. Systematic exercises
aimed at developing muscle strength, promote to the
activation of the pituitary-hypothalamic-adrenal axis,
providing a modulation of the production of cortisol,
with the findings also including a decrease in its levels
at rest and the suppression of the chronic inflammatory
response [55]. The decrease in the levels of cortisol
has a positive effect, for its chronic hyper-secretion
correlates with the development of insulin resistance,
arterial hypertension and atherogenic dyslipidemia —
the main components of metabolic syndrome [56].

Regular muscle core strengthening exercises
improve the sensitivity of p-adrenoreceptors in
the skeletal muscles, enhancing the effect of
catecholamines and facilitating the finer regulation
of the vascular tone and metabolic processes [47].
Besides, strength-building activities promote to the
increase in the cardiac rhythm variability, which indicates
the restoration of the vegetative balance, similar to the
one observed in cases of aerobic activities [57].

Thus, regardless of the type of physical activity,
its regular conduction forms a favorable vegetative
adaptation, including the increase of the vagus effects
in the heart, the decrease of the sympathetic activation,
the improvement of hormonal and neurovascular
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regulation. The totality of such changes promotes to
decreasing the risk of cardiometabolic disorders, to the
improvement of the general stress resistance and to
the increase of the functional reserves of the organism.

MOLECULAR ADAPTATION

TO PHYSICAL ACTIVITY

Physical activity is a potent trigger for a wide
spectrum of molecular adaptational processes, which
mediate the positive effects of the motor activity in
terms of general wellness. These processes include
the activation of multiple intracellular signaling
cascades, regulating the cellular homeostasis, energy
metabolism, tissue plasticity and stress resistance.
The special role in the modulation of the adaptive
responses is played not only by the type and the
intensity of physical load, but also by the accessibility
of nutritive substrates, determining the metabolic
direction of cellular regulation [58].

One of the key mechanisms activated in response
to physical activity is the activation of autophagia —
the evolutionary conservative pathway of disposal and
reprocessing of organelles and proteins. Autophagia
provides metabolic flexibility and maintenance of
cellular homeostasis, playing the critical role in the
adaptation to physiological stress related to muscle
contractions [59]. Besides, mitochondrial biogenesis,
autophagia and mitophagy (selective degradation of
mitochondria) form the coordinated response in the
tissues with high energy consumption, such as the
skeletal muscles and the myocardium, facilitating
the increase in the resistance to further load and the
improvement of tissue metabolism [60].

In the settings of physical activity, a coordinated
activation is observed in the mTORC1 (mechanistic
target of rapamycin complex 1) and AMPK (5’ adenosine
monophosphate-activated protein kinase) pathways,
which reflects the complex integration of anabolic and
catabolic signals. Such a convergence of molecular
cascades is especially important when combining the
strength-building and aerobic exercises, explaining the
phenomenon of the so-called “simultaneous training
effect” [61].

At the level of transcriptional regulation, physical
activity induces the expression of genes, controlling
muscle hypertrophy, angiogenesis and remodeling
of muscle fibers. It was noted that physical exercises
activate both the myogenic and the angiogenic
transcription programs, promoting to the complex
tissue adaptation, directed at the optimization of
delivering oxygen and substrates [62].

REVIEW

The most important role in regulating the cellular
response to physical activity is played by the unfolded
protein response (UPR), activated in the settings of
increased synthetic load. This mechanism allows
the cells to manage the stress in the endoplasmatic
reticulum, maintaining proteostasis in the conditions
of intensified metabolism [63].

The recognized central element of molecular
adaptation to physical activity is the Peroxisome
Proliferator-Activated Receptor Gamma Coactivator 1a
(PGC-1a) — the key regulator of mitochondrial
biogenesis. The activation of PGC-1a promotes
to the increase in mitochondrial density, to the
improvement of the oxidative capabilities of muscle
cells and to the resistance to tiredness [64].
The PGC-1a regulation is also associated with the
modulation of the expression of genes encoding the
antioxidant enzymes, which is important in a context
of protection against oxidative stress.

The molecular responses to physical activity
demonstrate a complex and multicomponent
pattern, which requires a comprehensive analysis.
Understanding the integration of the AMPK, mTOR,
MAPK (mitogen-activated protein kinases) and UPR
signaling pathways along with the transcription
factors, activated upon moderate and high intensity
physical activity, is critically important for unveiling
the mechanisms of cellular adaptation [65]. The
mTOR pathway has demonstrated, along with the
metabolic functions, an important role in regulating
the neuroplasticity, the cognitive abilities and the
structural re-organization of neuronal networks in the
brain in response to physical load [66], which opens
new perspectives of using physical activity as the
non-medicinal mean of improving the cognitive status
in cases of neurodegenerative and vascular diseases.

The regulation of the expression of genes
sensitive to physical activity, including the epigenetic
modification, remains an object of active research.
Special interest is aroused by the exerkines — the
signaling molecules produced by skeletal muscles
in response to contractions and showing systemic
endocrine-like effects. The exerkines are considered
as potential therapeutic agents for cardiovascular,
metabolic and neurodegenerative diseases [67].

Thus, physical activity initiates a wide spectrum of
molecular mechanisms, promoting to the structurally
functional remodeling of tissues, to the increase
of metabolic efficiency and stress-resistance. The
variety of adaptive responses confirms the necessity
of personalized approach in selecting the type and the
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intensity of physical exercises for preventive purposes
and for the correction of chronic diseases. The
molecular mechanisms of adaptation to physical activity
are provided in Table 2 [59-61, 63, 64, 66, 67]. Physical
activity also stimulates the key molecular pathways
(AMPK, mTOR, PGC-1a, autophagia), promoting to
the improvement of the energy metabolism, stress
resistance and tissue remodeling (Table 3) [61, 63,
64, 66, 67] — the processes lying in the foundation of
metabolic flexibility and of the cardioprotective effect
of working out.

EPIGENETIC ADAPTATIONS IN RESPONSE

TO PHYSICAL ACTIVITY

Modern research works strongly confirm that
regular physical activity provides a significant
epigenetic effect, playing the key role in regulating
the genetic expression without changing the primary
DNA sequence. These molecular modifications
promote to the long-term remodeling of cellular
functions, forming the basis for stable improvement
of the cardiometabolic profile and of the general
physiological status.

Table 2
Molecular mechanisms of adaptation to physical activity
Molecular pathway Main effects Source

Autophagia Removal of damaged qrganelles and proteins, maintaining [59]
the cellular homeostasis

Mitochondrial biogenesis Increasg in the number of mitochondria, improvement of oxidative [60]
metabolism

mTORCH Stlmulatlon of proteln synthesis, muscle growth, participation [61]
in neuroplasticity

AMPK Actl\{atlon of catabolism, energy mobilization, stimulation [61]
of mitophagy

PGC-1a Reglulatlon gf mitochondrial genes, antioxidant protection, [64]
angiogenesis

UPR (unfolded protein response) | Adaptation to metabolic stress, control of proteostasis [63]

Exerkines Secretion of myokllnes, systemic regulation of metabolism [67]
and vascular functions

mTOR and cognitive function Memory improvement, neurogenesis, synaptic plasticity [66]

Note. AMPK — AMP-activated protein kinase, the energy sensor in the cell, activated in the settings of energy deficit;
mTORC1 — the main component of the mTOR signaling pathway, regulating the cell growth, protein synthesis and metabolism;
PGC-1a— the main regulator of mitochondrial biogenesis and oxidative metabolism in the skeletal muscles; UPR —the response
to unfolded proteins, a cellular mechanism of adaptation to stress in the endoplasmatic reticulum; exerkines — the common
name for signaling molecules, including the myokines, excreted into systemic circulation in response to physical activity.

Table 3
The main signaling pathways of adaptation to physical activity
Ll Activation conditions Main effects Source
pathway
AMPK Physical load and energy deficit Activation of catabolism, stimulation 61]
(increased levels of AMP/ATP) of mitophagy, enhanced oxidation of fats
Sufficient energy status, Stimulation of protein synthesis, growth
mTOR : . A . [61, 66]
especially after exercises of muscle mass, participation in neuroplasticity
Increased metabolic activity and | Increased mitochondrial biogenesis,
PGC-1a . . . . . . [64]
aerobic exercises angiogenesis, antioxidant protection
Stress in the EPR after intensive Maintaining the proteostasis and adaptation
UPR . . X [63]
workout intensive to metabolic stress
Exerkines Contraction of skeletal muscles Systemic regulation of metabolism, vascular [67]

function, anti-inflammatory effects

Note. AMPK — AMP-activated protein kinase (energy sensor of the cell); mTOR — the mechanistic target of rapamycin, regulating
the growth and the metabolism; PGC-1a — peroxisome proliferator-activated receptor-gamma coactivator-1a, regulator of
mitochondrial biogenesis; UPR — unfolded protein response, mechanism of controlling the proteostasis in the EPR after stress;
exerkines — signaling molecules excreted by skeletal muscles in response to the contraction; EPR — endoplasmic reticulum.
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The epigenetic mechanisms induced by physical
activity include the methylation of DNA, the post-
translational modifications of histones, the changes
within the structure of the chromatin, as well as the
regulation of the expression of non-coding RNA,
including the microRNA and the long non-coding
RNA [68]. These processes promote the activation
of protective transcriptional programs aimed at the
suppression of inflammatory and proliferative signals,
which is of special importance in the prevention of such
chronic diseases as atherosclerosis, type 2 diabetes,
oncological and neurodegenerative disorders [69].

Physical activity, especially when performed
on a regular basis, induces the stable epigenetic
remodeling in the cells of the cardiovascular system.
These modifications promote to the suppression of
atherogenic genes, to decreasing the expression
of pro-inflammatory cytokines, to the improvement of
endothelial functions and to the enhancement of
antioxidant protection [68]. Thus, the epigenetic
regulation is considered as one of the central
mechanisms, mediating the cardioprotective effects of
physical activity.

Data are being accumulated that show that
intensive physical activity is capable of preventing
DNA damage, of modulating the expression of genes
controlling the telomere length and slowing down the
epigenetic aging of the organism [70]. These effects
are in part caused by the stabilization of methylation
in the promotor areas of the genes participating in the
regulation of cellular proliferation and apoptosis.

Special interest has the phenomenon of
transgenerational epigenetic transition: according to the
latest data, physical activity of the parents can affect the
epigenetic markers in the germinal cells and, respectively,
the expression of genes in the progeny [71]. These
changes induced by favorable environmental factors
(including the physical load), can be transitioned to the
next generations, providing an inheritable resistance
to metabolic disorders, cardiovascular and oncology
diseases. Such an inter-generational transfer of adaptive
phenotypes gives the physical activity the status of not
only individual, but also the potentially inter-generational
preventive instrument.

Despite the progress in studying the molecular
biology of adaptation to physical activity, the
insufficiently clear issue is the degree of participation
of various types of activity (aerobic, strength-building,
intervallic) in the modulation of specific epigenetic
targets, however, the aggregate data indicate that each
type of physical activity is capable of inducing a unique

REVIEW

epigenetic effect, regulating the specific cascades of
transcriptional and post-transcriptional changes [72].

Thus, physical activity represents a potent
exogenous factor forming a long-term epigenetic
remodeling at the level of separate cells, tissues and
the organism in general. These changes form the
basis of not only the short-term functional adaptation,
but also the long-term protection from chronic
diseases, facilitating the increase in life expectancy
and improving its quality.

Physical activity induces stable epigenetic changes,
including the methylation of DNA, modifications of
histones and regulation of the microRNA, which
promotes to the suppression of inflammation and
slowing down the ageing process. These effects
provide a long-term protection against cardiovascular
and metabolic diseases, also capable of being
transferred to the progeny. The epigenetic mechanisms
of adaptation to physical activity are provided
in Table 4 [68, 70, 71].

CONCLUSION

The present review summarizes the accumulated
scientific data supporting the high efficiency of
combined physical activity, including the aerobic
exercises of moderate and high intensity combined with
the exercises aimed at improving muscle strength. Such
a multicomponent strategy demonstrates significant
superiority over the isolated types of physical activity
by the spectrum of positive physiological adaptations,
especially in terms of the cardiovascular system.

Systematic implementation of various forms of
physical activity allows for achieving a synergetic effect,
expressed as an increase in the cardiorespiratory
stamina, improvement of neurovegetative balance,
metabolic resistance and decreased inflammatory
background. These adaptations play the key role
in decreasing the risk of developing cardiovascular
diseases and increasing the quality of life in various
age groups and clinical groups.

The obtained results are of major importance both
for developing the personalized preventive programs
and for compiling the populational strategies of
improving the wellness. The integration of various types
of physical activity into everyday practice shall be
considered a central element of combined interventions
in the field of public healthcare and cardiology prevention.

Taking into consideration the high clinical and social
significance of the data compiled in the present review,
it is deemed appropriate to draw the attention of the
professional medical communities and of the persons
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Table 4
Epigenetic mechanisms of adaptation to physical activity
Eplgene_tlc Mechanism description Physiological effects Source
mechanism
Addition of methyl groups to cytosine Decreased expression
Methylation of DNA | residues in the promotor areas of pro-inflammatory and atherogenic [68, 70]
of the genes genes, slowing down ageing
Modification Acetylation, methylation and other Remodeling of chromatin, regulation [68]
of histones post-translational changes in the histones = of DNA accessibility for transcription
Non-coding RNA Regulation of transcrlptlon and translation Decreased inflammation; regulation
. by means of microRNA and long . : . [68, 71]
(miRNA, IncRNA) . of angiogenesis, metabolism
non-coding RNA
. Changes at the mRNA level, Plasticity of cell response
Methylation of RNA affecting the stability and translation to work-out, increased adaptation [68]
. Preserving the telomere length, . .
Telomere regulation oreventing the chromosomal instability Slower cell ageing, genome protection [70]
Transgenerational Inheritable changes in gene expression Transfer disease resistance [71]

epigenetics

without changing the DNA sequence

to progeny

Note. miRNA (microRNA) — microRNA, non-coding RNA (regulating the expression of genes at the post-transcription level;
IncRNA — long non-coding RNA (taking part in the regulation of transcription and chromatin organization); mRNA (messenger
RNA) — matrix RNA (transfers the information on the protein sequence from the DNA to the ribosomes).

responsible for managerial decisions, to the necessity
of encouraging and implementing the multi-level
models of physical activity in various contexts — from
individual prevention to population-scale programs.
The promising direction of further research is the
clarification of the optimal ratio of intensity, volume
and structural composition of various types of physical
activity with taking into consideration the gender,
the age, the functional status and the presence of
comorbidities for the maximization of the preventive
potential with regard to the cardiovascular outcomes.
As for the practical aspect, the obtained data
underline the necessity of recommending combined
physical activity for the general population: patients
should combine aerobic exercises (of moderate and
high intensity) with strength-building sessions not less
frequent than two times a week, while the physicians
should personalize the recommendations with taking
into consideration the age, the general fitness level and
the presence of chronic diseases, using the objective
adaptation markers (for example, variability of cardiac
rhythm and carbohydrate metabolism parameters) for
monitoring the efficiency of the intervention.
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ABSTRACT

Multi-channel functional electrostimulation (MFES) represents a promising method for the rehabilitation
of post-stroke patients, aimed at restoring the walking function in various periods after an acute
cerebrovascular event. The review systematizes the modern concepts of using the MFES in patients with
the consequences of cerebral stroke, analyzing the technical parameters of stimulation, the methodical
approaches to conducting the procedures and the clinical efficiency of the method. The analysis of
literature data demonstrates significant variability of MFES protocols: the stimulation frequency varies
from 20 to 100 Hz, the duration of the procedure ranges from 15 to 60 minutes, the treatment course
can last from 3 to 30 weeks. The main targets of stimulation are the four groups of muscles in the lower
limbs — the anterior tibial muscle, the plantar flexors, the quadriceps muscle of thigh and the group of
muscles on the posterior surface of thigh. The synchronization of stimulation with the walking cycle is
conducted predominantly by means of contact sensors, accelerometers and electromyographic signals;
modern developments include the inertial systems and the machine learning algorithms. The review
presents a combined analysis of the technical aspects of MFES from the point of view of staging of motor
learning and individualization of the stimulation parameters. Special attention was paid to the integration of
MFES with the robotic devices, including the exoskeletons, which represents a new trend in rehabilitation.
Along with the absence of the unified criteria for choosing the stimulation parameters, it is worth noting
that there is a necessity of differentiated approach depending on the type of motor disorders, on the
duration of the disease and on the cognitive capabilities of the patient. The analysis presented justifies the
necessity of developing personalized MFES protocols and arranging a large-scale research for optimizing
the stimulation parameters in the rehabilitation of post-stroke patients.
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BACKGROUND

Currently, one of the main objectives of early
rehabilitation among the patients after an acute
cerebrovascular event (CVA) is restoring the functions
of walking without assistance [1, 2].

It is known that, already at the early stage after
the CVA, hemiparesis typically develops, which is
associated with gait abnormalities caused by the
developing asymmetry both in the spatial and the
timing parameters of the step cycle, which significantly
restricts the ability of unassisted walking, also affecting

© Eco-Vector, 2025
The article can be used under the CC BY-NC-ND 4 license

the balance control, leading to the increased risk of
falling [3, 4].

According to the data from the research on the
biomechanics of walking, the gait parameters in
patients with a past episode of stroke show typical
impairment patterns of this function [5-8]. The
patients after a cerebral stroke have lower walking
speed with their gait being asymmetrical by many
parameters, the stance phase on the paretic side is
significantly shorter than the one on the contralateral
side. Significantly less is the amplitude of motions in
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the joints on the paretic side [5-7]. Electromyographic
(EMG) examinations of the muscles in the lower
limbs in hemiparetic patients show the changes in
the electric activity of muscles, which manifests by
the absence or by the decrease in the amplitudes
and by the presence of pre-term or delayed muscle
activity peaks [8].

One of the variants of restoring the walking function
in general and of achieving the walking symmetry in
particular is the method of repeated teaching the
motor skills, for which, the high-intensity repeating
specific training sessions are necessary at the early
period of rehabilitation after the CVA [9]. One of the
promising methods of restoring the walking function is

70 https://doi.org/10.17816/clinpract684717


https://doi.org/10.17816/clinpract684717
https://elibrary.ru/jcfltu

REVIEW

the method of functional electrostimulation of muscles
(FES)'. Specifically, this context of fulfilling a certain
functional task, as it was initially described by the
authors of the method — J.H. Moe and H.W. Post [10],
makes this field topical in modern rehabilitation. In
particular, FES is used for reproducing the example
of automatic activation of muscles in the lower limbs
during the process of restoring the walking function [11],
and specifically for this purpose, the artificial external
excitation of muscles with electric current is used.

The mechanism of FES efficiency, nevertheless,
remains unclear. For example, in the research by
G.F. Santos et al. [12], it was found that FES improves
walking in patients with a foot drop syndrome, with
this, the basis of this effect is not evident.

The MFES method was assessed as promising in
terms of restoring the walking function, beginning from
the early rehabilitation period after the cerebral stroke
and up to the onset of the residual neurological deficit
period. Thus, at the early recovery period, when the
pathological gait is still at the development phase,
the use of MFES, evidently can be associated with
higher efficiency.

The aim of this research is exploring the possibilities
of MFES for restoring the walking functions in patients
with a past episode of cerebral stroke.

Methodology of searching

the literature sources

For searching the literature sources, the PubMed,
eLibrary and Google Scholar databases were used.
The search with a depth of up to 10 years was using the
following key words and their combinations: “stroke”,
“CVA”, “rehabilitation”, “walking”, “multi-channel
functional electrostimulation”, “stroke”, “rehabilitation”,
“gait”, “multichannel functional electrical stimulation”.
The inclusion criteria for the analysis were the following:
the analytical reviews, the clinical and experimental
research, the recommendations from the scientific
communities, the full texts of articles in Russian
or in English.

Exclusion criteria: clinical cases; research works
devoted to the foot drop syndrome; the ones where
stimulation was applied to only one muscle; the use
of implanted stimulation systems; other methods of
walking, except the common one or the static position;

' Decree issued by the Ministry of Health of Russia dated July 31,
2020, No. 788n «Concerning the approval of the Procedure of
organizing the medical rehabilitation of adults». Access mode:
https://www.garant.ru/products/ipo/prime/doc/74581688/?ysc
lid=mc8qui3cc6321811374

stimulation with using the training devices (exercise
bicycle and others); research works employing the
survey method; the ones where stimulation was used
as the experimental variable; the research works with
multi-channel constant stimulation; multi-channel
stimulation in healthy test subjects.

NUMBER OF CHANNELS

AND THE MUSCLES STIMULATED

FES was first used for compensating the foot drop
syndrome in rehabilitation after a cerebrovascular
stroke by V.T. Liberson et al. [13] in 1961. The authors
have obtained positive results of correcting the foot
drop symptom in patients after the CVA. Later on,
multiple research works have demonstrated that
FES is an effective method of improving the motor
function [14], of increasing the walking speed [15] and
of decreasing the degree of intensity for spasticity
after a cerebrovascular stroke. With this, it is known
that single- or double-channel FES in a sufficiently
effective way stimulates the dorsal flexing of the ankle
joint, which is accompanied by the decreased flexing
amplitude in the knee joint along with the plantar
flexion of the ankle joint at the second half of the
stance phase, at the beginning of the swing phase [11],
decreasing the repulsive momentum generated
at the end of the stance phase. The application of
multi-channel FES can compensate and provide the
insufficient momentum force. In particular, a number of
research works reported the positive results of using
MFES in early rehabilitation of individuals after the
CVA in a context of affecting the balance control and
mobility. In the research works by the groups headed
by Z. Tan [16] and T. Yan [17], it was demonstrated
that using the four-channel FES for the main
flexors-extensor muscles of thigh and shin can improve
the motor function, the balance, the ability to walk,
as well as the ability to perform everyday activities in
CVA patients at the early rehabilitation period.

In the research on the effects of FES of the anterior
tibial muscle, an effect of increasing the walking speed
and frequency was described [14], with this, the FES
of the anterior tibial muscle, of the long peroneal
muscle, of the quadriceps and the hamstring muscles,
was to a significant extent increasing the efficiency
and the speed of walking [18], while the involvement
of the femoral abductor stimulation into the process
has stabilized the positioning of the coxofemoral joint
itself and to a significant extent has increased the
ability of unassisted walking, contributing to re-gaining
the balance [19].
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Upon taking off the table the separate topic of
stimulation in cases of foot drop syndrome, in other
cases the muscles used for FES are the main flexors-
extensors of the shin and the thigh. When training the
walking motions using FES, the main target muscles
are the groups represented in table 1 [17, 20-25].

OPTIMAL TIMING PARAMETERS

OF FUNCTIONAL ELECTROSTIMULATION

The main MFES parameters may include the
following: the duration of a single procedure, the
number of procedures per weeks and the total course
duration. The conducted research works describe
various timing parameters of the procedure. For
example, the possibility of using the stimulation lasting
from 15-30 minutes [26] to 30-45 minutes [17, 27] was
studied. In general, it is worth noting that the optimal
timing of FES, for example, in case of correcting
the foot drop symptom in CVA patients, can vary
extensively. In particular, S.K. Sabut et al. [15] report
the positive results of daily usage of the device with
sessions lasting 20-30 minutes. Some research works
describe the gradual increase of session duration (from
15 minutes during the first week to 30-45 minutes
in the following weeks [14]), which can contribute to
better adaptation of patients to electric stimulation
and can decrease the risk of muscular fatigue at the
initial stages of rehabilitation, at the same time, the
stimulation device itself is claimed to be the means of
prosthetic replacement for the function.

Regarding the frequency of training, the majority of
FES protocols recommend arranging the sessions not
less than 5 times a week [17, 28], though no justification
is provided by the authors. In the research by Z. Hong

REVIEW

et al. [29] with arranging the FES training sessions
among the patients at the chronic stage of stroke,
the sessions lasted 20 minutes 3 times a week for
7 weeks with good clinical effect. In the systematic
review published in 2024 [30], the authors came to the
conclusion that less long training sessions are more
effective than the long-lasting ones.

Thus, the practice of using FES most frequently
includes the so-called standard protocols, which are
used regardless of the stroke period, namely: from 3 to
5 training sessions a week with the duration from 30 to
60 minutes depending on the patient status with a total
course of 3-12 weeks for the purpose of improving the
walking parameters, such as speed and balance, as well
as for the correction of spasticity [14, 31]. If necessary,
the FES duration can reach up to 6 months for achieving
the stable effect with sessions performed daily or several
times a week [25]. It was noted that the early initiation
of FES and its long-term application are of fundamental
importance for achieving the optimal results.

Currently, a trend can be seen towards combining
the MFES itself with other technologies of training to
walk (treadmill sessions, motorized exercise bicycle
training sessions etc.) for increasing the functionality of
the process [32, 33].

MODES OF FUNCTIONAL

ELECTROSTIMULATION

Currently, the stimulation models known as the
variable-frequency trains (VFT), have a number
of benefits comparing to the traditional constant-
frequency trains (CFT). In particular, it was noted
that the VFT enhance the isometric [34] and
non-isometric [35] parameters of the muscles, as

Table 1

Muscles of the lower limb and their combinations used for functional electrostimulation

Source

Allen, 2018 [20];
Aout, 2023 [21]

Allen, 2018 [20];
Aout, 2023 [21]

Hakansson, 2011 [22]
Tenniglo, 2018 [23]

Purohit, 2024 [24] the stability of the lower limb

Shin, 2022 [25]

Stimulated muscles

The anterior tibial muscle has the fundamental importance for performing the dorsal
flexion of the ankle joint at the swing phase

Plantar flexors of the ankle joint are stimulated at the second half of the stance phase
to improve the repulsion and frontal motion when walking

Isolated stimulation of only the anterior tibial and gastrocnemial muscle
Stimulation of only the posterior group of thigh muscles

The quadriceps muscle is being selectively stimulated for the purpose of improving

The abductor muscle of the thigh and the gluteus maximus muscle for supporting
the vertical position of the body when walking

Four muscles simultaneously (main flexors-extensors) — anterior tibial, medial

Yan, 2005 [17]
muscle of thigh

gastrocnemial, whole posterior group of thigh muscles and the quadriceps
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shown in the healthy quadriceps muscles of the thigh
comparing to the CFT of similar frequency, especially
when the muscles are tired. Besides providing the
improved performance of skeletal muscles, the VFT are
considered a more physiologically justified stimulation
pattern comparing to the CFT [36].

The difficulties of predicting the effect of FES
have multiple factors, which are difficult to take into
account in the real-life settings: thus, for example, the
mode of muscles working can significantly change at
various motion phases, the response to FES can also
be different. For more precise exposure, mathematical
models are being developed that operate the data
sets accessible as of today [12], nevertheless, the
information currently available is insufficient and the
research must be continued.

The main FES parameters in the published articles
were summarized in table 2 [10, 11, 14-18, 20, 22-24,
26-28, 31-33, 37-41]. The analysis of stimulation
parameters has revealed a wide variability of FES
protocols used by various investigators for various forms
and clinical stages of stroke. The stimulation frequency
varies from 30 to 100 Hz with the predominance of the
30-40 Hz range in the majority of research works. It
is important to note that only 8 of 22 research works
state the current force. The average procedure duration
is approximately 30 minutes with the marginal values
from 15 to 60 minutes. Notably, the multiplicity of the
procedures varies from 2 to 7 a week (with a mean of
5 sessions) and the total course duration — from 3 to
30 weeks, more often 4-6 weeks.

The synchronization of FES with the walking cycle
represents a critically important aspect of the effective
usage of the methods. The analysis of literature data
shows a variety of synchronization methods applied
in various researches. Thus, the most widespread is
the usage of contact switches located in the shoes
of the patient [14, 18, 21, 22, 37]. Contact sensors
determine the step cycle, then the algorithm supposes
the presence of the needed delay before switching on
one or another channel, however, contact sensors are
temperamental, they have a certain activation threshold,
bouncing and other technical drawbacks. More modern
systems use the data from the accelerometers [27, 38]
or more complex inertial systems [11], which allows for
increasing the accuracy of determining the step cycle.
Some research works employ the synchronization
based on the EMG-activity of the contralateral limb [16]
or of the paretic limb itself [32], as well as manual
activation [10, 17]. Modern developments include the
integration of inertial sensors (inertial measurement

unit, IMU) with the algorithms of machine learning [39],
which potentially can provide a more adaptive and
personalized synchronization of stimulation with the
individual features of the pathological gait in a patient.

EXTERNAL ACCESSORIES

FOR THE MOTION ORGANIZATION

The complete correction of known disorders when
walking using FES is not possible for the majority of
patients, which is why, during the course of stimulation,
as well as in everyday life, the patients continue to receive
aid with special technical means that not just assist the
movement, but also organize it. Such technical means
include both the simple ortheses for supporting the
normal positioning of the ankle joint [40] and much more
sophisticated training equipment along with walking
imitators, the robotic devices and neuroprostheses [41].
As of today, the hybrid set including the exoskeleton
combined with FES is estimated as one of the most
promising technologies for restoring the walking
function. In a number of research works, it was noted
that using FES causes the rapid onset of muscular
fatigue [42], which, in turn, decreases the ability of the
muscles to maintain or produce the contraction force
and significantly decreases the training session time.
Based on this, attempts were made to combine FES
with passive orthesis [43], which was used to dampen
the consequences of muscular fatigue, but these
devices failed to provide an additional torsional moment
required, in particular, for the knee joints. Autonomous
exoskeletons [44, 45] can compensate this and other
moments: in this combination, the supportive robotic
aid decreases the general operating cycle of muscle
contractions induced by FES, also delaying the onset
of muscular fatigue during the course of physical
exercises with high torsional moment, such as the “sit-
stand”. Besides, active muscle contractions induced
by FES, promote to the neuroplasticity that restore the
lost functioning of the limb, unlike the electrically driven
exoskeletons, which provide only passive motions [46].

Exoskeletons with integrated FES have appeared on
the Russian medical market at the beginning of 2020s.
The topic of integration was discussed previously [47],
which lead to the increase in the number of such devices
offered at the national medical market and allowed for
arranging a research on the combination of FES when
moving with the aid of the exoskeleton among the
patients after a cerebral stroke [48, 49]. The authors have
revealed a positive effect for the immediate and early
rehabilitation periods, however, so far the experience of
using such devices is significantly limited.
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Due to the fact that the main function of the
exoskeleton is the decrease of the excessive
monotonous loading and easing the hard work of the
nursing medical staff [50], the usage of additional
methods of increasing the training efficiency is deemed
justified. In a later research work by M.T. Dantas
et al. [38], it was noted that FES, undoubtedly, positively
contributes to the training among the post-stroke
patients using the exoskeleton and proposes an
adaptive stimulation algorithm with taking into
consideration the motion amplitude developed.

THE STAGING OF TEACHING THE MOTOR SKILLS

The process of teaching the motor skills can and
must be analyzed stagewise [51]. Even though, in
practice, the transition from one stage of learning the
motor skills to another is smooth and it is not always
clearly understandable at which specific stage the
patient is currently, three phases can be isolated —
the initial, the associative and the autonomous.

At the initial stage of learning the motor skills, or
at the so-called cognitive stage, in order to master
a specific motor task, various strategies are employed
for selecting the optimal motion variant. The support
from the rehabilitation therapist at this stage is
extremely important and, depending on the degree of
deficit in a patient, it can be implemented either in the
form of physical or the verbal feedback [52].

When transitioning to the associative stage of
learning, the patient demonstrates a sharper skill of
the motion trained. The motor training task is done
with lesser variability, until the optimal strategy could
be finally found [53]. From this moment, the specialist
shall restrain from manual support, but the target
feedback is still important. This feedback should be
provided with a delay relative to the motor task to avoid
overlapping with the inner feedback for the motion
control [54]. After the motion strategy is defined, the
training sessions can be modified a little.

The autonomous stage suggests mainly the
automatic motor skill, the task should be repeatedly
modified until the moment of the patient being capable
of doing it in any type of environment conditions. At
the autonomous stage of motor learning, the program
is already automated: this means that the motion can
be done in the almost optimal manner, not requiring
significant attention or concentration [53]. At this stage,
it is possible to more precisely focus on the separate
components of motion to preserve them. Variations of
exercises, as well as the inclusion of higher difficulty
elements, are now necessary for supporting the
motivation of the patient [52].

THE EFFICIENCY OF FUNCTIONAL

ELECTROSTIMULATION

AND THE TECHNICAL ASPECTS

In a randomized research by Z. Tan et al. [16], the
efficient rehabilitation cycle lasted for 3 weeks, while
the improvements could persist within at least 3 months
upon the end of the course. Special attention is attracted
by the time of the onset of the possible positive FES
effect, for example, the increase of the walking speed.
It was noted that the gradual increase of this parameter
occurs when using FES within the first 18 weeks, but
later on no changes could be observed [40].

In the accessible literature, researchers do not
emphasize in any manner the clinical form of stroke and
which time period exactly after the CVA is the best to
initiate training. In a research by T.M. Kesar et al. [11],
it was reported that FES is used to restore the lost or
abnormal motions. Nevertheless, the most effective FES
is considered the one that was initiated at the subacute
stage of stroke, usually within several weeks or months
after a cerebrovascular accident, for this period has the
fundamental importance for the maximal restoration
of motor activity and for functional improvement [31].
Arranging the FES in 6 months from the moment of
disease onset is also considered as effective, for the
sessions allow for preserving or improving the walking
function and mobility, though the speed of developing
the functional changes is already not so high [21].
According to the data from the review by Z. Hong
et al. [29], FES also remains effective in patients at the
chronic stage of stroke. It was shown that the quality
of walking could be improved along with its symmetry
when using the stimulation of the anterior tibial muscle
and of the triceps muscle of the calf in patients with
insufficient motion control in the ankle joint. In one of the
recent systematic reviews, the authors make a cautious
conclusion that FES can be more effective for patients
exactly at the chronic phase [30]. Similar conclusion was
drawn up in the research by M.J. Nam et al. [37]: based
on the proprietary data, the authors recommend FES for
patients at the chronic stage of stroke.

Among the technical aspects of arranging the FES,
the importance of correct positioning of electrodes at
the stimulated muscles was noted: in order to fulfill this
task, it is necessary not only to have the knowledge of
functional anatomy, but also the possibility of individual
approach in each specific case. At the present
moment, there is a general rule for the positioning of
electrodes: the electrodes are first placed above the
nerve(s) innervating the stimulated muscle, after which
stimulation is undertaken. If the resulting motion is
desirable, the positioning remains. In case of the

www.clinpractice.ru 75

2025

Vol 16 h2



negative result, the electrodes should be repositioned
(usually by not more than several centimeters) and
the test should be repeated until achieving the
desired motion, with this, the patient should have the
motivation for conducting the FES [55]. The majority
of manufacturers of such an equipment provide
the stereotypical schemes of electrode positioning
without taking into account the places were the nerves
originate, but recommending that the main belly of the
muscle is positioned between the electrodes. In this
case, the property used for the applied stimulation is
the direct excitation of muscle fibers.

DISCUSSION

The majority of research works on FES is still
focused on the single-channel stimulation for
compensating the foot drop syndrome [20-22], with
this, the multi-channel stimulation in various forms is
recognized as more effective, however, it is much less
frequently applied. There are various variants of it, but
the main ones include four groups of flexors-extensors
of the lower limb: the quadriceps muscle of thigh (or its
separate head), the posterior group of thigh muscles
(or separate muscles), the anterior tibial muscle and
one or both gastrocnemial muscles. Our analysis has
shown that the clinical reports on using the MFES in
patients after an episode of cerebral stroke were quite
few. There are only single ones that are modern. With
this, there are publications submitted over the last
years which are of technical or experimental nature
and fall outside the ranges of the inclusion criteria
for this review.

The duration of the FES session significantly varies
(from 15 to 60 minutes), with the absence of justification
for this or that duration provided by the authors. In fact,
the spread of the parameter values, where the minimal
value is 4 times less than the maximal one, speaks for
itself. The FES parameters were also not matching the
physical stamina of the patients. It is evident that this
or that duration should be manageable for the whole
test group, but this is all that could be suggested taking
into consideration that the patients with similar clinical
form and the degree of hemiparesis can show various
exercise tolerance and, probably, require different
timings of FES sessions. Our suggestion is that the
specialists involved into performing the FES sessions
commonly remain within the frames of treatment schemes
approved, in which the session time is some kind of
a constant not anticipating any individual approach.

The number of procedures per week is also
subject to variability, mainly within the range from
3 to 5. This aspect is also presented as a constant
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with no discussion, why this or that number is used.
Evidently, it is related to the organizational aspects
of the rehabilitation process, not to the physiological
justification. The trend of arranging 5 sessions a week,
as it is set in the research works by J.S. Cheng [28] and
T. Yan [17], can be resulting from the reference to the
number of work days and not the optimal stimulation
mode. For the first case (3 days a week) they come
every other day (Monday, Wednesday, Friday), while for
the second one (5 days a week) — all the work days.
Thus, even this parameter is not in fact related to the
clinical form or to the status of the patient.

The duration of FES course varies with a factor
of eight — from 3 to 24 weeks, with this, the number
of authors report that the longer the course is, the
higher is its efficiency [23]. The objective criteria for the
duration of a certain course were also not provided by
the authors. It can be agreed that the changes in the
walking function as a result of cerebral stroke by no
means can be restored in all the cases. The remaining
stable abnormalities require supporting activities for
the life term, and in this context, the long-term courses
can be surely justified. But it seems that the judicious
balance here will depend on very numerous factors,
including the system of organizing the rehabilitation
therapy, and it is still not the object of research.

As for the modes of used FES, the majority of
research works use constant frequency. This aspect
is also not supported by any explanations: the
authors just state the name of the equipment used.
And here, the most important role is played by two
circumstances. The first one that the stimulation devices
with constant frequency are technically much simpler
and more available for use [56]. These reasons are
already enough to have the overwhelming dominance
in the research works. Second off — the methods
with variable frequency are not just incomparably
more complex: the experience of their application
is very limited, while the criteria for controlling the
new variable (the frequency) are even less clear, with
the effect of decreased spasticity — the one of the
essential ones — is reported for the stimulation with
constant frequency current [57]. Besides, it is known
that various muscles, even at the normal conditions,
have various sensitivity and response to changing the
frequency at various activity phases [58], and we have
even less understanding of the various conditions of
muscles in patients after a cerebral stroke, depending
on its specific form. Besides, it is necessary to note
that applying the data for healthy muscles to the
muscles with pathological neuromuscular regulation is
still not possible. Another essential moment is that the
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pathological locomotion itself results in changes in the
functions of the muscles [56], due to which, the cause
and effect can not always be clearly differentiated.

The analysis of published research data
demonstrates significant variability in the parameters
of electric stimulation. The stimulation frequency in
the majority of research works varies from 30 to 50 Hz
[16, 17, 22, 27], though separate articles describe
both the lower (20-45 Hz [24]) and significantly higher
(80 Hz [37]) frequencies. The 30-50 Hz frequency has
a certain physiological justification [58], however, for
patients after a cerebrovascular stroke presenting with
hemiparesis, the status of the muscles changes from
the immediate to the residual period. What frequency
for which type of muscle impairment and at what
phase would be the best, remains disputable.

The duration of impulses also significantly
differs — from 50 usec [32] to 450 psec [24], with the
most commonly used range being the 200-350 psec.
The impulse duration has a number of justified
criteria [58], but what needs to be taken as guidance
when determining this parameter for each specific
muscle in the given patient remains unclear. With
other factors being equal, the longer impulse carries
more energy, but this is probably and so far the only
evident criterion to be used to achieve the required
response from the muscle.

The current amplitude, where provided, usually
varies from 10-12 to 60-70 mA with an individual
adjustment for each patient. Oftentimes, the amplitude
is not reported in the research at all, and this is not
a mistake made by the authors. The thing is that this
parameter is too much related to many other factors,
among which are the following: the surface area of the
electrodes employed, the stimulated muscle itself and
its status, the thickness of subcutaneous-fatty tissue,
some technical features of the stimulating channel etc.
Thus, even when the current amplitude is mentioned,
this can only serve as the guiding point.

It is important to note the absence of unified criteria
for choosing the stimulation parameters for specific
groups of patients. The majority of protocols are
developed empirically, without the clear justification
of selecting these or those parameters. S. Chen
et al. [30] in their research note the urgent need for
studying the specific features of operating with FES
with various adjustments of stimulation frequency
and other parameters.

The topic of synchronizing FES with walking is
technically the most complex. The method of contact
switches, which is used in the majority of cases, is
the result of permissible simplification. The contact

sensors themselves are used for various types and
constructions, but they operate in harsh conditions
of the body weight affecting them and, with this, they
need to have a low activation threshold and a short
(within milliseconds) hysteresis (returning to initial
conditions upon the removal of the load). These issues
fall outside the frames of solely medical field, however,
in the current century, new methods were proposed
for detecting the step cycle phase, in particular, the
inertial sensors, which at the present moment have
almost completely replaced the contact sensors in the
autonomous systems for the correction of foot drop.
Synchrodrives can be used only as a part of robotic
devices with walking imitation, which limits their usage.
The methods for initiating a pack of stimulating impulses
based on the EMG-activity detection is another new
method. From the methodical point of view, it can be
deemed adequate only for the muscles which have
no phasic activity impairments. In other cases, this
method is inapplicable. How precisely the EMG-signal
can detect the time parameters of synchronization, also
remains disputable. In one of the research works [16]
this method was used in the modification that employed
the unaffected side for initiating the FES on the paretic
one. Such a variant can not be considered as good or
applicable for the reason that the EMG-activity on the
unaffected side is not compensatory modified, but also
the step cycles themselves have substantial reciprocal
shifts [7] i.e. the shifting of step cycles relative to each
other is present, which may reach the values of 10-30%
of the step cycle. Thus, the error of “detecting” the
step cycle becomes unacceptable. Nevertheless, the
synchronization based on the EMG-activity can be
a very reasonable choice for voluntary movements, but
it is already out of the frames of the walking function.
The manual option of activating FES might as well have
only the historical value due to its extreme inaccuracy.

There is no doubt that, in cases of significantly
impaired walking biomechanics, its feasible correction
may be required. The matter if it is possible to achieve
the decrease in the degree of motor disorders by this,
remains unexplored and requires further research
activities. At what degree and for which clinical cases
the exoskeleton or other devices with integrated
stimulation system could be useful, the results of
further research works will show.

The staging of rehabilitation can serve the purpose
of the individual estimation of the current status of the
patient and its dynamic changes, with this in mind and
with all the other factors being equal, it gives ground for
using the MFES method from the first days of starting
to teach the patient to move without assistance.
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It could be stated that there is no existing all-purpose
MFES protocol fitting all the patients with a history of
cerebrovascular stroke. The differentiated approach
is necessary, the one taking into account several key
factors, the most important of which are the following.

Type of motor disorder. For the patients with
predominant decrease of muscle strength without
pronounced spasticity, the effective stimulation
could be the one having the parameters aimed at
strengthening the muscles and at improving their
stamina (low frequency — 20-30 Hz, longer sessions).
In patients with significant spasticity, the more effective
could be the mode with high stimulation frequency
(more than 50 Hz) [15, 57].

Rehabilitation period after a cerebrovascular stroke.
At the immediate and the early period of rehabilitation,
MFES can contribute to the prevention of developing
pathological motor stereotypes and could be a valuable
addition to the traditional methods of rehabilitation.
At the residual stage, MFES can be especially useful for
overcoming the rehabilitation plateau and for improving
the functional capabilities [30].

Cognitive abilities of the patient. For patients with
cognitive disorders, the more preferable could be the
systems with automatic synchronization, not requiring
the active participation of the patient in the stimulation
process. For patients with intact cognitive functions,
the more effective systems could be the ones with
biological feedback, requiring the active participation
of the patient [52].

CONCLUSION

Multi-channel ~ functional  electrostimulation is
considered an effective method of restoring the
walking function in patients after a cerebrovascular
stroke, however, the existing application protocols are
characterized by the significant variability of parameters
without the clear physiological justification. It was found
that the recommended duration of procedures varies
from 15 to 60 minutes, the stimulation frequency —
from 20 to 80 Hz, while the course duration — from 3 to
24 weeks, with the choice of specific parameters having
a predominantly empirical pattern and depending on the
organizational factors, not on the clinical status of the
patient. A necessity was demonstrated for developing
a differentiated approach to the application of MFES
with taking into consideration the type of motor disorder,
the period of rehabilitation after a cerebrovascular stroke
and the cognitive capabilities of the patient. The optimal
technical parameters of stimulation were defined:
30-50 Hz frequency, 200-300 psec impulse duration
with individual adjustment of amplitude and obligatory

REVIEW

synchronization with the step cycle in the paretic
limb. Modern trends of improving the method include
the integration of MFES and of the robotic devices
and systems with biological feedback, which opens
new possibilities for personalized rehabilitation. The
obtained results justify the necessity of arranging large-
scale clinical research for the standardization of MFES
protocols and for compiling the scientifically justified
recommendations on its use in various clinical situations.
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Suprascapular Neuropathy Combined with Massive Rotator Cuff
Tears: Clinical Signs, Diagnostics, Treatment

0.G. Ushkova', S.Yu. Dokolin?, A.M. Shershnev?, V.I. Kuzmina?
1 Family Medicine Clinic (Eucalyptus Clinical Medicine Center), Voronezh, Russia;
2 Vreden National Medical Center forTraumatology and Orthopedics, Saint Petersburg, Russia

ABSTRACT

Suprascapular neuropathy is a type of disease, which up until recently was considered quite rare and
observed mainly among the athletes. On the contrary, this problem is observed quite often, especially
as a professional disease among the individuals involved in heavy manual labour. The syndrome of
suprascapular nerve compression is a complex problem, combining a multitude of reasons and resulting
in the atrophy of the supraspinal and infraspinous muscles. The compression of the suprascapular nerve is
developing due to its complex anatomy, the presence of additional bony and other types of structures in the
area of the scapular notch, as well as due to the traumatic lesions of the rotator cuff and of the scapular
spine. There is an opinion that the contraction of the damaged supraspinal and infraspinous muscles may
cause contusion- related changes in the suprascapular nerve, which may persist after the reconstruction
of the rotator cuff. The provided research summarizes the data available on the suprascapular neuropathy,
especially combined with massive rotator cuff tears, as well as on the reasons of its development, the
clinical manifestations, the diagnostics and the comparative results for various treatment methods.
An analysis was conducted of the main research results obtained using the surgical treatment for
suprascapular neuropathy, in particular, the arthroscopic decompression combined with the treatment
of rotator cuff abnormalities. The analysis of literature data has shown that, in case of the presence of
space-occupying masses or bone deformities in the area of the scapular notch, surgical correction shows
significant positive results. In case of damaged rotator cuff, the combination of arthroscopic release of
the suprascapular nerve with its reconstruction provides good clinical results, promoting to the decrease
of the pain syndrome during the postoperative period, however, no significant differences were reported
when restoring the rotator cuff both with the release procedure and without it. Most part of the patients
with chronic pain syndrome and degenerative changes can be successfully treated conservatively.
Despite the fact that the relation of rotator cuff tears and suprascapular neuropathy is undoubtful,
many researchers describe the absence of statistically significant difference in the clinical results of
reconstructing the rotator cuff together with arranging the procedure of arthroscopic release and without
it. Thus, probably, the indications to arthroscopic release of the suprascapular nerve should be clearly
limited to cases of its neuropathy based on the data obtained during the research including larger samples
of patients.

Keywords: suprascapular neuropathy; rotator cuff; suprascapular nerve; arthroscopic decompression of
the suprascapular nerve.
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INTRODUCTION

Pain in the shoulder joint is a quite widespread
orthopedic problem. Shoulder pain is the third most
widespread complaint related to the musculoskeletal
system in the primary medical aid [1, 2]. Complaints of
pain related directly to the shoulder joint most frequently
are a consequence of damaging the bone and cartilage
structures of the shoulder, the acromioclavicular or
sternoclavicular joints, as well as of the rotator cuff
or other soft tissues of the shoulder complex. The
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incidence of shoulder pain in the society varies widely
and, according to the data from latest research works, it
equals 16% (ranging from 0.67 to 55.2%). The parameters
are higher for women comparing to men. The incidence
of shoulder pain varies from 7.7 to 62 per 1000 persons
a year (with the mean values of 37.8 per 1000 persons
a year) [3]. Notably, 20-40% of the patients show
asymptomatic ruptures of the rotator cuff, indicating
that the structural abnormality may not always manifest
clinically, also impairing the function of the shoulder
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HAYYHbIX OB30P

HeﬁpOHaTMﬂ HagNonaTtoyHoOro Hepea B coYeTaHUN
C MAaCCUBHbIMN pa3pbiBaMn BpamaTeanoﬁl MaH>XeTbl njievya:
KIIMHNYecCKaAa KapTnHa, ANnarHoCtTuka, neyeHume

O.l. Ywkosa', C.H0. JokonuH?, A.M. LLUepwHes?, B.1. KyabmuHa?

1 KnuHuka cemeiiHon MeauuyiHbl (LIeHTp KnHUYecKom MeauuuHbl «9BKanunt»), BopoHex, Poccus;
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AHHOTALNA

Heviponatusi HagnonaTtoYHOro Hepsa — BYA NaTOI0MM, KOTOPbLINA 4O HEAABHErO BPEMEHU CHATAJICS [O-
BOJIbHO peaKuM 1 Habsroaascs B OCHOBHOM y CrIOPTCMEHOB. Ha camom aesne faHHasi npobsiemMa BCTpe4aeTcs
[OCTaTO4YHO 4acTo, OCOBEHHO B Ka4YeCTBe MpOoeCcCUoHaIbHOro 3abonesanHusi y o4en, 3aHNMaroLLNXCs
TSOKENBIM (husndeckum TpygomM. CUHAPOM caaBaeHUs Haa10MaToyHoro Hepsa — npobiema KOMIMIEKCHas,
coyeTaroLyasi MHOXXECTBO MPUYUH, NMPYBOASLYas K atpopum HagoCTHON v MOZOCTHOW Mbilwy. Komrpec-
CUs1 Haf/10rMaTo4YHOro Hepsa 00y C/I0B/IEHA €ro CJI0XKHOM aHaTOMUEN, Ha/InYNeM OMOHUTEIbHbIX KOCTHbIX
m gpyrmx o6pa305aHMﬁ B obsiactu BbIPE3KU J10raTKu, a Takxke TpaBMaTtnieCKnuM roBpeXxgeHnsamy spatla-
Te/IbHOU MaH>XXeTbl riieqa v octv ionatky. CyLyecTByeT MHEHUE, YTO COKpAaLLEHUE MOBPEXAEHHbIX HAAOCT-
HOU 1 OAOCTHOM MbILUL] MOrYT BbI3biBaTb KOHTY3UOHHbIE U3MEHEHWSI HaA/10MaToO4YHOro HepBa, KOTOPbIE
MOryT COXPaHSTLCS 10C/e PEKOHCTPYKLMM BpaLlaTe/ibHOM MaHXeTsl rieqa. B npegcrasneHHoON paboTte
00600LLeHbl UMEILYMNECS flaHHbIE O HenponaTuy Hag10naTo4YHoOro HepBa, 0COGEHHO B COYETaHUy C Mac-
CYBHbIMY pa3pbiBamMy BpaLLaTe/ibHON MaHXXeTbl 11/1e4a, a TaKkXXe O MPUYnHax BO3HUKHOBEHWST, KITMHUYECKUX
MPOSIBAIEHUSIX, ANarHOCTUKE, CPaBHUTE/IbHbIX Pe3y/ibTaTax passnyHbiXx MeTogoB edeHus. [poBenéH aHa-
JIN3 OCHOBHbIX PE3Y/ILTaToOB XUPYPrU4ECKOro 1Ie4YeHUs1 HerponaTu Haa/0natoqHoro HepBa, B YaCTHOCTU
apTPOCKOMUYECKON AEKOMIAPECCUN B COYETaHUM C JIeHEHVNEM NaToOI0My BpaLLaTeIbHON MaHXXeTb! rjeya.
AHanms nntepaTtypbl okKasasl, YTo rpv Hamm4mm 06 bEMHbIX 06pa3oBaHui, KOCTHbIX Aegopmaumii B obnac-
TV BbIPE3KU JIONAaTKU XUPYPrudeckast KOPPEKLMUS MMEET 3HaYNMbIE MOJIOXKUTE/bHbIE pe3ybTaTsl. B ciyyae
MOBPEXAEHNS BpaLLaTe/lbHOM MaHXeThbl rjeda Co4YeTaHne apTPOCKOMNYECKOro pensa Haa/10naTtoqHoro
HepBa C e€ PEKOHCTPYKUMEN AaéT XOpPOoLUNE KIIMHUYECKME pe3y/ibTaTbl, CIOCOOCTBYET YMEHbLLIEHUIO 6O-
JIEBOrO CHHAPOMA B 10CA€0MnepayioHHOM Nepuoae, O4HaKo 3Ha4YUMbIX Pasinyuii fNpu BOCCTaHOBIEHUN
BpaLLaTe/ibHOM MaH>XXeTbl Kak C MpoLeaypo peansa, Tak u 6e3 Heé He BbisiBieHO. boésbLuas YacTb naLmeH-
TOB C XPOHUYECKM OOIEBBLIM CUHAPOMOM U AEr€HepaTuBHbIMUY USMEHEHUSIMU MOTYT YCMELUHO JIeYNTLCS
KOHCepBaTyBHO. HeCMOTpsi Ha TO, YTO CBSI3b Pas3pbiBOB BPALLATE/IbHOW MaHXXeThbl rijieda v HerpornaTum
Haf/10MaTo4YHOro HepBa He BbI3bIBAET COMHEHWUM, MHOIMMe VCCe[0BaTey ONUChIBalOT OTCYTCTBUE CTa-
TUCTUYECKM 3HAYUMOW PasHULbl B KIVHUYECKMX PEe3ysbTaTtax PEKOHCTPYKUMY BpaLlaTe/lbHON MaHXXeTbl
rsieya ¢ npoBefeHneM rnpoUeaypbl apTPOCKOMUYECKOro pensa u 6e3 TakoBom. Takum o06pa3omM, BEPOSIT-
HO, creqyet bosiee YETKO OrpaHnyYUTh roKa3aHus K apTPOCKOMMYECKOMY pesin3y HaaaonaTto4yHoro Hepsa
rpyi ero HerponaTyy Ha OCHOBaHWN AaHHbIX NCCE[0BaHNS Ha 60/IbLLMX BbIOOPKaxX MayneHToB.

KnroueBbie croBa: Hevpornatvsi HaA/onaTovyHOro HepBa; BpallaTesbHasi MaHXXeTa; HaasonaToYHbIl
HEepB; apTPOCKONMYeCcKasl 4eKOMIMPECCUs HaA/10MaToyHoOro Hepaa.
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joint [4]. The disease of the suprascapular nerve
recently has become one of the widespread reasons of
pain and weakness in the shoulder joint [4, 5].

Recently, a multitude of scientific articles were
published on the incidence, the causes, the risk factors
and the possible variants of conservative and surgical
treatment for suprascapular neuropathy combined
with massive ruptures of the rotator cuff, however, no

unified opinion on the treatment tactics was compiled
based on the literature data.

In the provided review, we have summarized the
data available as of today on suprascapular neuropathy,
especially when combined with massive rotator cuff
tears, as well as on the reasons of its development, on
the clinical manifestations, on the diagnostics and on
the comparative results of various treatment methods.
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Methodology of searching the sources

The present review included the publications from
the Pubmed database submitted before the year of
2024 (inclusive). The search was carried out using
the following key words: “suprascapular nerve”,
“suprascapular neuropathy”, “suprascapular notch”,
“spinoglenoid notch”, “arthroscopic decompression
(release) of the suprascapular nerve”, “massive tears
of the rotator cuff”. An analysis was conducted on the

main clinical results of surgical treatment.

SUPRASCAPULAR NEUROPATHY COMBINED

WITH MASSIVE ROTATOR CUFF TEAR:

REASONS OF DEVELOPMENT, RISK FACTORS,

TREATMENT VARIANTS

Anatomic features

The suprascapular nerve compression syndrome
is to a great extent caused by the complex anatomical
structure of the nerve itself, which is formed by the
branches of the upper trunk of the brachial plexus
[6-8], innervating the supraspinal and the infraspinous
muscles, the acromioclavicular joint, the skin of the
posterior surface of the shoulder. Within the structure
of the suprascapular nerve, there are two possible
areas of entrapment — the area of the suprascapular
notch (Fig. 1) and the area of the spinoglenoid
notch [9]. The variant of the anatomical structure of
the suprascapular notch can be the reason of possible
compression of the suprascapular nerve. There are six
types of the suprascapular notch structure: type 1 —
recess; type 2 — shallow V-shaped notch; type 3 —
U-shaped notch; type 4 — deep V-shaped notch;
type 5 — U-shaped notch with partial ossification of

Fig. 1. The area of the suprascapular ligament. The scapula (A),
the transverse ligament of the scapula (B), which is dissected
on the left and intact on the right, the diverted supraspinatus

muscle (C), the acromion (D). The arrow indicates the

suprascapular nerve.
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the ligament; type 6 — complete ossification of the
transverse ligament [10]. Specifically this anatomical
variant determines the complexity of diagnostics
of suprascapular neuropathy, which more often
develops in cases of type 5 and type 6 scapular
anatomy variants.

Pathophysiology and reasons of developing

the suprascapular neuropathy

The impaired functions of the shoulder joint can
be resulting both from the damage of the rotator
cuff and from the impairment of its innervation.
Two possible levels are described for damaging the
suprascapular nerve — the proximal one (between
the scalene muscles and the Erb’s point, i.e. the
place of origination of the brachial plexus) and the
distal one (between the suprascapular notch along
the upper margin of the scapula and the infraspinous
muscle). When moving the shoulder forward during
the external rotation, the fibers of the suprascapular
nerve become dislocated along with the stretching
of the nerve: the area of its cross-section decreases,
while pressure inside the nerve bundles builds up
[5, 11]. If, upon the stretching of the nerve, its limit
of elasticity does not get exceeded, the nerve
restores its initial length, but if its extension limit gets
exceeded, the nerve deforms, not being capable of
restoring its original length. Thus, repeated rotation
motions in the shoulder are the reason of repeated
injury or compression of the suprascapular nerve [5].
Nerve compression can also develop in case of bone
tissue traumatic changes and in case of additional
bone tissue formation in the scapula, in case of
space-occupying cysts or tumors in the area of the
scapular notch [12-14].

Currently, a strong interest is noted in terms of the
relation between the suprascapular neuropathy and
the massive retraction of the fibers in cases of rotator
cuff tears. M.J. Albritton et al. [15] in their research
have focused the attention on the fact that medial
retraction of the supraspinal muscle tendon drastically
increases the tension in the nerve. It was found
that there is a tension limit in cases of lateralization
of the supraspinal and infraspinous muscles when
conducting the surgical treatment of the rotator cuff
suture, for this may lead to excessive tension in the
branches of the suprascapular nerve. In turn, there is
an opinion that, in patients with increased range of
motion in the shoulder joint and with isolated injuries
of the subscapular muscle, there is a risk of developing
suprascapular neuropathy [16].

https://doi.org/10.17816/clinpract660106
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Clinical manifestations

The clinical manifestations of neuropathy mainly
depend on the location of the lesion and on the
reasons of compression [9, 13]. Upon the detailed
survey and assessment of the patient, it is possible
to find the presence of impaired dermal sensitivity in
the area of the posterior segments of the shoulder, as
well as the location of pain in the scapular area, which
can increase upon the adduction of the humeral bone
with it simultaneous inward rotation, or when flexing
the shoulder joint with simultaneous adduction of the
shoulder, also when turning the head to the opposite
side [17]. On palpation, the area of the supraspinal
fossa can be sharply painful, other findings may include
positive hyperextension tests [18] and the tests of arm
adduction in the transverse direction (the test described
by Planche: the patient is asked to move the hand
backwards and to turn it inwards, if the patient has
complaints of increased pain in the posterior part of the
shoulder, the test is considered positive) [19]. Upon visual
examination, attention should be paid to the contralateral
side: in cases of suprascapular neuropathy, the findings
include a pronounced hypotrophy in the supraspinal
and infraspinous muscles. The compression of the
nerve in the suprascapular notch may lead to the loss
of more than 75% of strength of abduction and external
rotation [20]. In case of nerve injury in the area of the
spinoglenoid notch, there are no sensitivity disorders
or pain syndrome observed, only isolated hypotrophy
of the subscapular muscle and weakness of external
rotation can be noted [21].

The differential diagnostics of this disease should
include the radiculopathies at the C5 level in the
cervical spine, the disease of the brachial plexus, the
spinal muscular amyotrophies, as well as other various
secondary neuropathies [19].

Diagnostic methods of examination

When suspecting the abnormalities in the rotator
cuff, including the combination with suprascapular
neuropathy, for the purpose of ruling out the bone
tissue lesions, standard radiology should be carried
out using frontal projection, this procedure should
be supplemented with the image of the Stryker
suprascapular notch view — an image obtained using
special positioning (the patient should be positioned
supine, placing the palm of the impaired limb on the
forehead, while the X-ray beam should be directed
at a 15° angle to the head) for the evaluation of the
suprascapular notch and of the spinoglenoid notch
(Stryker’s method) [12].

For the purpose of ruling out the bone tissue lesions
in the scapula, it is also possible to use computed
tomography, including the one with 3D-reconstruction,
which can show the presence of specific anatomical
structures damaging the nerve [22]. Thus, K. Honoki
et al. [22] have found that the ossification of the
transverse ligament in the scapula was significantly
more commonly found in elderly patients, which rather
indicates the age-related changes. Besides, there was
no direct correlation found between the narrow scapular
notch, the ossification of the abovementioned ligament
and the development of suprascapular neuropathy.

The gold standard of examination is the magnetic
resonance imaging (MRI) as the most accurate method
of detecting abnormalities in the soft tissues of the
shoulder joint. MRI allows for evaluating the changes
(the damage) in the rotator cuff muscles, the degree
of dislocation (retraction) of tendons, for detecting
the fatty degeneration/hypotrophy/atrophy in the
supraspinal and infraspinous muscles, as well as
the presence of additional mass lesions in the area of
the scapular notch — the ganglionic cysts, tumors etc.
[23, 24]. For the MRI, the pathognomonic signs shall
include the swelling in the area of the supraspinal and
the infraspinous muscles, the fatty degeneration, the
presence of fluid-containing lesions in the area of the
supraspinal scapular notch [23, 25, 26].

When suspecting the presence of the suprascapular
nerve compression syndrome, electroneuromyography
(ENMG) should be arranged. The main difference in
cases of neuropathy is the presence of fibrillations and
pathological fluctuations of the M-waves. ENMG allows
for detecting the changes in the nerve conductivity
and it can indicate the muscle hypotrophy, however, in
the differential diagnostics with other diseases of the
shoulder, it can be ineffective. It is worth noting that
in cases of long-term presence of chronic neuropathy,
the ENMG method becomes impractical [27], for it does
not allow for detecting the damage of smaller fibers or
of a part of the nerve. In addition to that, the negative
ENMG results cannot unambiguously rule out the
diagnosis of suprascapular neuropathy in case of the
presence of the corresponding clinical signs of it [28, 29].

Upon setting the diagnosis of suprascapular
neuropathy, it is possible to conduct an ultrasound
examination (USE) [26, 30, 31]. According to the data
from publications, ultrasound examination is a good
method of evaluating the muscle damage, allowing for
detecting the damage of muscle fibers at various levels,
however, when performing the differential diagnostics
procedures, it is necessary to use MRI.
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Treatment

Conservative therapy. The direct reasons of the
neuropathy itself, as well as its combination with other
pathological changes in the area of the shoulder joint,
are the most important factors for selecting proper
treatment [27]. The majority of authors tend to believe
that the initiation of neuropathy treatment should be
conservative if this disease (for example, neoplasms
in this zone or scapular fractures) is not resulting
from the pathological processes requiring surgical
intervention [32]. If conservative therapy does not show
results, surgical decompression of the suprascapular
nerve is recommended. Nevertheless, the optimal
duration of non-surgical treatment remains unclear [33].
The literature data indicate that conservative therapy
often has unsatisfactory results in patients with the
duration of symptoms being more than half a year, as
well as in the individuals with pronounced hypotrophy
and atrophy of muscles, with space-occupying lesions
and massive rotator cuff tears.

The reasons by which the status of the patients
gets improved in cases of conservative therapy are
not clearly identified: most probably, they can be
related to the compensatory mechanisms in other
shoulder girdle muscles [32].

Surgical treatment. The indication for surgical
treatment include the compression of the nerve with
space-occupying lesions, the massive rotator cuff tears,
as well as the inefficiency of conservative therapy [32].
It was proven that, in patients with suprascapular
neuropathy caused by the compression with soft
tissues, surgical treatment provides better results,
and, if possible, priority shall be given to arthroscopic
intervention, not to the open-access methods [18, 34].
According to the modern outlooks, direct arthroscopic
intervention [35-37] is the gold standard of treatment for
suprascapular neuropathy [27, 36, 38], as well as for the
concomitant diseases of the rotator cuff [23, 39, 40].

According to the data from modern publications,
there is no unambiguous opinion on whether the
arthroscopic decompression is indicated to patients
with massive rotator cuff tears. Previously, the
literature sources were reporting the improvement of
the functional parameters in patients with massive
rotator cuff tears combined with arthroscopic release
of the suprascapular nerve. L. Lafoss et al. [34] have
analyzed the results of arthroscopic decompression in
a series of 10 patients and revealed an improvement
of the status and the functions in all the patients.
J.G. Costouros et al. [39] reported about six patients with
neuropathy associated with vast rotator cuff rupture.

REVIEW

The authors have found a stable improvement of the
functions in four patients and partial restoration in two.
In the research by A.A. Shah et al. [40], 21/24 (87.5%)
of patients had deep pain in the posterior part of the
shoulder and suprascapular neuropathy according to
the data from ENMG. After the decompression of the
suprascapular nerve, 17/24 (71%) of patients in 9 weeks
after surgery had their pain intensity decreased with
improving the parameters of the scale designed by
the American Shoulder and Elbow Surgeons (ASES).
However, in a series of 75 patients with massive
ruptures of the rotator cuff, in which surgeries were
conducted for restoring the integrity of the rotator
cuff, L. Lafoss et al. [34] have revealed concomitant
suprascapular neuropathy by means of ENMG before
surgery in 29 (39%) cases. In this group, there were no
statistically significant differences detected between
patients with the nerve release and the ones not
undergoing such an intervention.

The groups of P. Collin [29] and P. Yang [41] have
reported that, among the patients with arthroscopic
release of the suprascapular nerve combined with
suturing the rotator cuff, there was no statistically more
significant decrease in the pain syndrome, assessed
using the visual analogue scale (VAS), comparing to the
group of patients not undergoing arthroscopic release
of the suprascapular nerve, i.e. with only suturing the
rotator cuff. Besides, in the decompression group,
there was no observed significantly better improvement
in the values of patient status evaluation and in the
range of motions in the shoulder joint assessed using
the UCLA tool comparing to the group without the
arthroscopic release of the suprascapular nerve. The
research results have demonstrated that additional
release of the suprascapular nerve does not bring
additional benefit to the arthroscopic surgery aimed
at restoring the rotator cuff and that the rate of
developing neuropathy in the suprascapular nerve
among the patients with ruptures in the posterior-upper
part of the rotator cuff is 8.7%.

N.P. Sachinis et al. [27] have arranged
a randomized controlled research to find out if the
elimination of rupture itself represents a successful
treatment method even in patients with diagnosed
suprascapular neuropathy. The authors did not find
significant differences in the improvement of shoulder
functions between eliminating only the rotator cuff
tear and fixing the rupture with an additional option
of releasing the suprascapular nerve. Besides, the
research has shown that shoulder function is inversely
proportional to the fatty infiltration in the area of the
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subscapular muscle, which can develop secondary
in terms of suprascapular neuropathy.

In the research by K. Yamacado [37], consisting
of 31 cases of suprascapular neuropathy combined
with rotator cuff tears, no significant differences
were detected between the groups with releasing
the suprascapular nerve and without it — by all the
measurements applied during the final follow-up
visit: the parameters of the UCLA and VAS scales did
not show statistically significant difference among
the two compared groups, however, the results
have demonstrated that arthroscopic release of the
suprascapular nerve as an addition to the arthroscopic
repair of the tendons ultimately leads to the recovery
and to improving the status comparing to the
pre-operational data.

The research by Dr. A.R. Ginniyatov et al. [36] has
shown that the use of arthroscopic release of the
suprascapular nerve combined with massive rotator
cuff tear has significantly improved the status of
the patients within the first three months comparing
to the group without the release, along with the
highest significance of the methods shown in cases
of massive tears.

In turn, the systematic analysis by A.B. Sandler
et al. [42] has demonstrated that releasing the
suprascapular nerve in the treatment of suprascapular
neuropathy improves the functional results, however,
more attention should be paid to the clinical symptoms
and to the diagnostics of this disease.

Thus, it can be stated that the recent publications
describe various results: some research works show
the absence of statistically significant difference in the
clinical results of reconstructing the rotator cuff with
conducting the procedure of arthroscopic release
and without it, while the others show positive results
of arthroscopic release of the suprascapular nerve
combined with suturing the rotator cuff. It is worth
noting that the sample used in the proprietary research
by the authors was small.

CONCLUSION

The conducted literature analysis has shown that,
in cases of isolated suprascapular neuropathy, the
majority of authors tend to conservative therapy,
while in cases of abnormalities in the rotator cuff, all
the researchers point out the necessity of surgical
treatment. Despite the fact that the relation between
the suprascapular neuropathy and the rotator cuff
tears in the majority of research works is undoubtful,
just as the fact that the combination of arthroscopic

release of the suprascapular nerve together with the
reconstruction of the rotator cuff provides good clinical
and functional results, there is no unified opinion
on the efficiency of the arthroscopic release of the
suprascapular nerve. Publications exist that show the
positive results of arthroscopic suprascapular nerve
release in cases of a combination with massive rotator
cuff tears (especially with the presence of neoplasms in
the area of the scapular notch), however, according to
the data from other investigators, statistical difference
between restoring the rotator cuff with or without the
release procedures was not detected. Thus, probably,
a more strict limitation is required for the indications to
arthroscopic release of the suprascapular nerve in case
of its neuropathy based on the data obtained from the
research works including larger patient samples.

ADDITIONAL INFORMATION

Author contributions. O.G. Ushkova, A.M. Shershnev,
V.I. Kuzmina: search and review of literature, analysis of
the data obtained, description of the results obtained;
S.Y. Dokolin: control and editing of materials. Thereby, all
authors provided approval of the version to be published
and agree to be accountable for all aspects of the
work in ensuring that questions related to the accuracy
or integrity of any part of the work are appropriately
investigated and resolved.

Funding sources. No funding.

Disclosure of interests. The authors declare that
they have no known competing financial interests or
personal relationships that could have appeared to
influence the work reported in this paper.

Statement of originality. The authors did not use
previously published information (text, illustrations,
data) in conducting the research and creating
this paper.

Data availability statement. The editorial policy
regarding data sharing is not applicable to this work,
data can be published as open access.

Generative Al. Generative Al technologies were
not used for this article creation.

Provenance and peer-review. This paper was
submitted to the journal on an initiative basis and
reviewed according to the usual procedure. Two
external reviewers and the scientific editor of the
publication participated in the review.

REFERENCES

1. Van Doorn PF, de Schepper El, Rozendaal RM, et al. Incidence
and treatment of shoulder pain complaints in general practice:
A retrospective cohort study. Family Pract. 2021;38(5):582-588.
doi: 10.1093/fampra/cmab022

www.clinpractice.ru 87

2025

Vol 16 h2


https://academic.oup.com/fampra/article/38/5/582/6227950
https://academic.oup.com/fampra/article/38/5/582/6227950
https://academic.oup.com/fampra/article/38/5/582/6227950
https://doi.org/10.1093/fampra/cmab022

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

88

Crookes T, Wall C, Byrnes J, et al. Chronic shoulder pain. Aust
J Gen Pract. 2023;52(11):753-758. doi: 10.31128/AJGP-04-23-6790
Lucas J, van Dorn P, Hegedus E, et al. A systematic
review of the global prevalence and incidence of shoulder
pain.  BMC  Musculoskelet  Disord. 2022;23(1):1073.
doi: 10.1186/s12891-022-05973-8

Hodgetts K, Walker B. Epidemiology, common diagnoses,
treatments, and prognosis for shoulder pain: A review article. Int
J Osteopat Med. 2021;42:11-19. doi: 10.1016/j.ijosm.2021.10.006
Stefanidi AV. Dynamic suprascapular nerve neuropathy: Pain in the
scapular and shoulder. Manual diagnostics and treatment. Manual
Therapy. 2022;4:89-100. doi: 10.54504/1684-6753-2022-4-89-100
Jobe CM, Phipatanakul WP, Petkovic D. Gross anatomy
of the shoulder. In: Rockwood and Matsen’s the
Shoulder.  Philadelphia: Saunders; 1990. P. 35-94.e4.
doi: 10.1016/b978-0-323-29731-8.00002-7

Safran MR. Nerve injury about the shoulder in athletes, part 1:
Suprascapular nerve and axillary nerve. Am J Sports Med.
2004;32(3):803-819. doi: 10.1177/0363546504264582

Callahan JD, Scully TB, Shapiro SA, Worth RM. Suprascapular
nerve entrapment: A series of 27 cases. J Neurosurg.
1991;74(6):893-896. doi: 10.3171/jns.1991.74.6.0893

Apxunos C.B., Nlbiqarvd A.B., OporuH A.P., n ap. TyHHeNbHbIi
CVMHAPOM, (HeliponaTusl) HapnonaTto4yHoro Hepsa / Kageppa
Tpasmatonorumn optonegun. 2018. Ne 2. C. 87-98. [Arkhipov SV,
Lychagin AV, Drogin AR, et al. Impingement syndrome of
the suprascapular nerve. Kafedra travmatologii i ortopedii.
2018;(2):87-98]. doi:  10.17238/issn2226-2016.2018.2.87-97
EDN: VMVPAU

Rengachary SS, Burr D, Lucas S, et al. Suprascapular
entrapment neuropathy: A clinical, anatomical, and comparative
study. Part 2: Anatomical study. Neurosurg. 1979;5(4):447-451.
doi: 10.1227/00006123-197910000-00007

Ellenbecker TS, Dines DM, Renstrom PA, Windler GS. Visual
observation of apparent infraspinatus muscle atrophy in
male professional tennis players. Orthop J Sports Med.
2020;8(10):2325967120958834. doi: 10.1177/2325967120958834
Kostretsis L, Theodoroudis |, Boutsiadis A, et al. Suprascapular
nerve pathology: A review of the literature. Open Orthop J. 2017
11:140-153. doi: 10.2174/1874325001711010140

KonuwwuHckass C.B., MonuyaHoB C.A. Heliponatus Hagho-
naTo4YHOro HepBa Yy npodeccrnoHanbHbix BonenbonncTos //
MepguuymnHekui angasut. 2017;3(32):27-36. [Kopishinskaya SV,
Molchanov SA. Suprascapular nerve neuropathy in professional
volleyball athletes. Medical alphabet. 2017;3(32):27-36].
EDN: ZVGRUF

Fehrman DA, Orwin JF, Jennings RM. Suprascapular nerve
entrapment by ganglion cysts: A report of six cases with
arthroscopic findings and review of the literature. Arthroscopy.
1995;11(6):727-734. doi: 10.1016/0749-8063(95)90118-3
Albritton MJ, Graham RD, Richards RS, Basamania KJ. An
anatomic study of the effects on the suprascapular nerve
due to retraction of the supraspinatus muscle after a rotator
cuff tear. J Shoulder Elbow Surg. 2003;12(5):497-500.
doi: 10.1016/S1058-2746(03)00182-4

Warner JP, Krushell RJ, Mackest A, Gerber K. Anatomy
and interconnection of the suprascapular nerve:
Anatomical limitations for supraspinatus and infraspinatus
muscle mobilization in the treatment of extensive rotator
cuff tears. J Bone Joint Surg Am. 1992;74(1):36-45.
doi: 10.2106/00004623-199274010-00006

Moen TK, Babatunde OM, Xu SH, et al. Supra-scapular
neuropathy: What does the literature show? J Shoulder Elb
Surg. 2012;21(6):835-846. doi: 10.1016/j.jse.2011.11.033

Leider JD, Deriz OK, Bourdro KA, et al. Treatment of
suprascapular nerve entrapment syndrome. Orthop Rev (Pavia).
2021;13(2):25554. doi: 10.52965/001¢.25554

Plancher KD, Petterson SK. Posterior shoulder pain and
arthroscopic decompression of the suprascapular nerve at
the transverse scapular ligament. Oper Tech Sports Med.
2014;22(1):58-72. doi: 10.1053/j.0tsm.2014.06.002

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

REVIEW

Al-Reduan A, Holding K, Kaclik D. “Suprascapular
canal”: Anatomical and topographic description and its
clinical significance in entrapment syndrome. Ann Anat.
2021;233:1515983. doi: 10.1016/j.aanat.2020.151593

Strauss EJ, Kingery MT, Klein D, Manjunath AK. Evaluation and
treatment of suprascapular neuropathy. J Am Acad Orthop
Surg. 2020;28(15):617-627. doi: 10.5435/JAA0S-D-19-00526
Honoki K, Suenaga N, Oizumi N, et al. Correlation of
suprascapular notch  morphology with  suprascapular
nerve palsy: A 3D-computed tomography study. JSES Int.
2023;7(2):316-323. doi: 10.1016/j.jseint.2022.12.016

Saran S, Shirodkar K, Gavvala SN, et al. Supraspinous
fossa: Anatomy and pathology. Indian J Radiol Imaging.
2024;35(1):139-147. doi: 10.1055/s-0044-1787667

Mazal AT, Faramarzalian A, Samet JD, et al. MR
neurography of the brachial plexus in adult and pediatric
age groups: Evolution, recent advances, and future
directions. Expert Rev Med Devices. 2020;17(2):111-122.
doi: 10.1080/17434440.2020.1719830

Alsabieh M, Alzahrani M, Almuhanna A, Bedaiwy N.
Spinoglenoid notch ganglion cyst: A case report. Cureus.
2023;15(5):39279. doi: 10.7759/cureus.39279

Deshmukh S, Sun K, Komarraju A, et al. Peripheral nerve
imaging: Magnetic resonance and ultrasound correlation.
Magn Reson Imaging Clin N Am. 2023;31(2):181-191.
doi: 10.1016/j.mric.2023.01.003

Sachinis NP, Boutsiadis A, Papagiannopoulos S, et al.
Suprascapular neuropathy in rotator cuff tear: Protocol of
adouble-blind randomized controlled trial. Trials. 2016;17(1):554.
doi: 10.1186/s13063-016-1672-y

Park J, Su MY, Kim YU. Accuracy of suprascapular
notch cross-sectional area by MRI in the diagnosis of
suprascapular nerve entrapment syndrome: A retrospective
pilot study. Korean J Anesthesiol. 2022;75(6):496-501.
doi: 10.4097/kja.22153

Collin P, Tresseder T, Ladermann A, et al. Suprascapular
neuropathy and massive rotator cuff ruptures: A prospective
electromyographic  study. J Shoulder Elbow  Surg.
2014;23(1):28-34. doi: 10.1016/j.jse.2013.07.039

Wijntjes J, van Alfen N. Muscle ultrasound: Present state
and future opportunities. Muscle Nerve. 2021;63(4):455-466.
doi: 10.1002/mus.27081

Bordalo M, Arnaiz J, Yamashiro E, Al-Naimi MR. Imaging
of muscle injuries: MR imaging-ultrasound correlation.
Magn Reson Imaging Clin N Am. 2023;31(2):163-179.
doi: 10.1016/j.mric.2023.01.002

Bozzi F, Alabau-Rodriguez S, Barrera-Ochoa S, et al.
Suprascapular neuropathy in the shoulder area: A review
of current concepts. J Clin Med. 2020;9(8):2331.
doi: 10.3390/jcm9082331

Von Knoch M, Frosch S, Baums MH, Lehmann W. Motor recovery
of the suprascapular nerve after arthroscopic decompression in
the scapular notch: A systematic review (In English, German).
Z Orthop Unfall. 2021;159(5):546-553. doi: 10.1055/a-1128-0557
Lafoss L, Piper K, Lantz U. Arthroscopic suprascapular nerve
release: Indications and technique. J Shoulder Elbow Surg.
2011;20(2 Suppl):S9-S13. doi: 10.1016/j.jse.2010.12.003

Yang TH, Lin MH, Kuo LT, et al. Suprascapular nerve dissection
offers no additional benefits in arthroscopic rotator cuff
repair surgery: A systematic review and meta-analysis.
Knee Surg Sports Traumatol Arthrosc. 2023;31(5):1873-1882
doi: 10.1007/s00167-022-07066-4

MmHnatos A.P., ErnasapsH K.A., TamassH B.O., n gp. Sddek-
TUBHOCTb pefm3a HaanonaTo4YHOro Hepsa MpW apTPOCKOMU-
YECKOM BbIMOJSIHEHUN WBa B Clly4Yasx MOCTTPaBMaTU4eCKOro
paspbiBa CyX0OXuns Ha[OCTHO MblwLbl // [onuTpaBma. 2024.
Ne 2. C. 16-25. [Giniyatov AR, Egiazaryan KA, Tamazyan VO,
et al. Efficiency of release of supraspinatus nerve during
arthroscopic repair in posttraumatic rupture of the
supraspinal muscle tendon. Polytrauma. 2024;(2):16-25].
doi: 10.24412/1819-1495-2024-2-16-25 EDN: RTLPYD

https://doi.org/10.17816/clinpract660106


https://doi.org/10.31128/AJGP-04-23-6790
https://doi.org/10.1186/s12891-022-05973-8
http://dx.doi.org/10.1016/j.ijosm.2021.10.006
https://doi.org/10.54504/1684-6753-2022-4-89-100
https://doi.org/10.1016/b978-0-323-29731-8.00002-7
https://doi.org/10.1177/0363546504264582
https://doi.org/10.3171/jns.1991.74.6.0893
https://doi.org/10.17238/issn2226-2016.2018.2.87-97
https://elibrary.ru/vmvpau
https://doi.org/10.1227/00006123-197910000-00007
https://doi.org/10.1177/2325967120958834
https://doi.org/10.2174/1874325001711010140
https://elibrary.ru/zvgruf
https://doi.org/10.1016/0749-8063(95)90118-3
https://doi.org/10.1016/S1058-2746(03)00182-4
https://doi.org/10.2106/00004623-199274010-00006
https://doi.org/10.1016/j.jse.2011.11.033
https://pubmed.ncbi.nlm.nih.gov/34745481/
https://pubmed.ncbi.nlm.nih.gov/34745481/
https://doi.org/10.52965/001c.25554
https://doi.org/10.1053/j.otsm.2014.06.002
https://doi.org/10.1016/j.aanat.2020.151593
https://doi.org/10.5435/JAAOS-D-19-00526
https://doi.org/10.1016/j.jseint.2022.12.016
https://doi.org/10.1055/s-0044-1787667
https://doi.org/10.1080/17434440.2020.1719830
https://doi.org/10.7759/cureus.39279
https://doi.org/10.1016/j.mric.2023.01.003
https://doi.org/10.1186/s13063-016-1672-y
https://doi.org/10.4097/kja.22153
https://doi.org/10.1016/j.jse.2013.07.039
https://doi.org/10.1002/mus.27081
https://doi.org/10.1016/j.mric.2023.01.002
https://doi.org/10.3390/jcm9082331
https://doi.org/10.1055/a-1128-0557
https://doi.org/10.1016/j.jse.2010.12.003
https://doi.org/10.1007/s00167-022-07066-4
https://doi.org/10.24412/1819-1495-2024-2-16-25
https://elibrary.ru/rtlpyd

REVIEW
2025

Vol 16 h2

37.

38.

39.

Yamacado K. Arthroscopic rotator cuff repair with or
without suprascapular nerve decompression in massive
rotator cuff tears. Int Orthop. 2019;43(10):2367-2373.
doi: 10.1007/s00264-019-04356-4

Ma HH, Wu WT, Tsai IC, Chang KV. Does suprascapular nerve
release provide additional benefits for rotator cuff repair:
A systematic review and meta-analysis. J Shoulder Elbow Surg.
2022;31(11):2421-2430. doi: 10.1016/j.jse.2022.05.015
Costouros JG, Porramatikul M, Lie DT, Warner JJ. Reversal

of suprascapular neuropathy following arthroscopic
repair of massive supraspinatus and infraspinatus
rotator cuff tears. Arthroscopy. 2007;23(11):1152-1161.

doi: 10.1016/j.arthro.2007.06.014

AUTHORS’ INFO

The author responsible for the correspondence:
Oksana G. Ushkova;

address: 19A Putilovskaya st, Voronezh, Russia, 394062;
ORCID: 0009-0003-0641-4351;

eLibrary SPIN: 4078-3170;

e-mail: ushkovaoksana@yandex.ru

Co-authors:

Sergei Yu. Dokolin, MD, PhD;
ORCID: 0000-0003-1890-4342;
eLibrary SPIN: 1993-2304;
e-mail: sdokolin@gmail.com

Andrey M. Shershnev;

ORCID: 0000-0001-6623-2144;
eLibrary SPIN: 7684-4262;
e-mail: andreyshersh@gmail.com

Vladislava I. Kuzmina, MD, PhD;
ORCID: 0000-0001-7866-5545;
eLibrary SPIN: 9849-0036;
e-mail: tasha_777@bk.ru

www.clinpractice.ru

40.

41.

42.

Shah AA, Butler RB, Fowler R, Higgins LD. Posterior
capsular rupture causing posterior shoulder instability:
A case report.  Arthroscopy. 2011;27(9):1304-1307.
doi: 10.1016/j.arthro.2011.04.005

Yang P, Wang S, Zhang D, et al. Comparison of clinical outcomes
of suprascapular nerve decompression in spino-glenoid notch
in patients with massive posterior and upper rotator cuff tears
and suprascapular neuropathy. BMC Musculoskelet Disord.
2021;22(1):202. doi: 10.1186/s12891-021-04075-1

Sandler AB, Wells ME, Tran C, et al. JSES High rates of
return to sport after suprascapular nerve decompression: An
updated systematic review. Rev Rep Tech. 2024;4(4):654-661.
doi: 10.1016/j.xrrt.2024.05.007

OB ABTOPAX

ABTOP, OTBETCTBEHHBIN 32 NEPENUCKY:

YwkoBa OkcaHa NeHHagbeBHa;

appec: Poccus, 394062, BopoHex, yn. Nytunosckas, g. 19A;
ORCID: 0009-0003-0641-4351;

eLibrary SPIN: 4078-3170;

e-mail: ushkovaoksana@yandex.ru

CoaBTopb!:

DokonuH Cepreii IOpbeBuY, A-p Mef. Hayk;
ORCID: 0000-0003-1890-4342;

eLibrary SPIN: 1993-2304;

e-mail: sdokolin@gmail.com

LLepwHeB AHapen Makcumosuy;
ORCID: 0000-0001-6623-2144;
eLibrary SPIN: 7684-4262;

e-mail: andreyshersh@gmail.com

Ky3sbmuHa Bnapucnasa UropeBHa, KaHf,. Mefd. Hayk;
ORCID: 0000-0001-7866-5545;

eLibrary SPIN: 9849-0036;

e-mail: tasha_777@bk.ru

89


https://doi.org/10.1007/s00264-019-04356-4
https://doi.org/10.1016/j.jse.2022.05.015
https://doi.org/10.1016/j.arthro.2007.06.014
https://doi.org/10.1016/j.arthro.2011.04.005
https://doi.org/10.1186/s12891-021-04075-1
https://pubmed.ncbi.nlm.nih.gov/39474168/
https://pubmed.ncbi.nlm.nih.gov/39474168/
https://pubmed.ncbi.nlm.nih.gov/39474168/
https://doi.org/10.1016/j.xrrt.2024.05.007
https://orcid.org/0009-0003-0641-4351
https://www.elibrary.ru/author_profile.asp?spin=4078-3170
mailto:ushkovaoksana@yandex.ru
https://orcid.org/0000-0003-1890-4342
https://www.elibrary.ru/author_profile.asp?spin=1993-2304
mailto:sdokolin@gmail.com
https://orcid.org/0000-0001-6623-2144
https://www.elibrary.ru/author_profile.asp?spin=7684-4262
mailto:andreyshersh@gmail.com
https://orcid.org/0000-0001-7866-5545
https://www.elibrary.ru/author_profile.asp?spin=9849-0036
mailto:tasha_777@bk.ru
https://orcid.org/0009-0003-0641-4351
https://www.elibrary.ru/author_profile.asp?spin=4078-3170
mailto:ushkovaoksana@yandex.ru
https://orcid.org/0000-0003-1890-4342
https://www.elibrary.ru/author_profile.asp?spin=1993-2304
mailto:sdokolin@gmail.com
https://orcid.org/0000-0001-6623-2144
https://www.elibrary.ru/author_profile.asp?spin=7684-4262
mailto:andreyshersh@gmail.com
https://orcid.org/0000-0001-7866-5545
https://www.elibrary.ru/author_profile.asp?spin=9849-0036
mailto:tasha_777@bk.ru

REVIEW

Pneumonitis as a Complication of Inmunotherapy
of Oncological Diseases: Difficulties in Diagnosis
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ABSTRACT

Pneumonitis is one of the life-threatening complications of immunotherapy of oncological diseases.
Despite the low occurrence rate, pneumonitis significantly affects not only the quality of life in the
patients, but also the mortality, forcing to change the treatment scheme of the main disease. Therapy
with immune checkpoint blockers is a relatively new, but well established type of oncology therapy. It is
expected that, with the extension of the list of indications to immunotherapy, some growth would be
observed in the number of complications, due to which it becomes necessary to inform the physicians
of various (not only oncological) specialties about it. It is important for them to maintain high index of
suspicion to be able to detect this life-threatening complication at the early stages and to prescribe
adequate treatment. The currently known research works by national and foreign authors on the detection
and treatment of pneumonitis in their majority have a strictly specialized type due to studying a specific
immunotherapy medicine or a specific location of the tumor. In the present article, we have summarized
and systematized the data from various sources, emphasizing on the diagnostics and therapy of this

dangerous complication.
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INTRODUCTION

Pneumonitis (pulmonitis) is a general term defining
the inflammation of the pulmonary tissue, which, in
case of bacterial or viral etiology, bears the name of
pneumonia, while in the non-infectious origin of the
disease (for example, after the exposure to allergic
agents, radiation or medicinal products), a term
“pneumonitis” is used.

Currently, the therapy with immune checkpoint
blockers becomes more and more demanded, with
this, the immunotherapy, just like any other treatment,
has its side effects. The occurrence rate of such
a life-threatening complication as pneumonitis, is small
and ranges within 3-5% for cases of monotherapy with an
inhibitor of the PD-1 (programmed cell death protein 1) or
the PD-L1 (programmed death-ligand 1), reaching up to
10% in cases of combined therapy, however, according
to the American Thoracic Society, the mortality rates
reach 35% of the total number of fatal outcomes [1].
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PATHOGENESIS OF PNEUMONITIS

The tumor cells at their core represent a foreign
agent, even considering its development from the
proprietary cells [2], which the immune system should
recognize and destroy. However, to avoid death,
the tumor cells have developed various protection
mechanisms. The first way is the expression of
cytotoxic CTLA-4 (cytotoxic T-lymphocyte associated
protein 4) on their surface, which leads to the inhibition
of the immune response [3]. The second is producing
the PD-L1 and PD-L2 ligands, which bind to the PD-1
receptors on the T-cells, by this blocking them and
restricting the immune reactions.

The immunotherapy is aimed at turning off the
abovementioned mechanisms of inhibiting the immune
system. By bonding to the cancer cells or lymphocytes,
monoclonal antibodies to the immune control points
block the interaction between the receptors, restoring
the normal immune reaction. Currently, for clinical use,
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HAYYHbIX OB30P

NMHeBMOHMT KaK OC/I0KHEeHne NMMMYHOTepannn
OHKOJIOrM4YecKnx 3aboneBaHuni: CNOXKHOCTHN ANarHoCTNKmn
n neyeHmA

10.C. Ynxosa', B.1. Pepnortos?, E.M. 3axaposa’

1 Hay4Ho-nccnegoBaTenbCKuii MHCTUTYT KIMHUHECKON OHKOMOMN «HUKEropoaCKiii 061aCTHOM KNMHUHECKIA OHKOIOMMYECKUI
avcnaHcep, HwxHun Hosropog, Poccus;

2 TIPMBOSIKCKNIA MCCefoBaTeNbCKUN MEQULIMHCKIIN YHUBEpCUTET, HxxHuii HoBropopg, Poccus

AHHOTALNA

TTHEBMOHUT — OAHO U3 XKUSHEYrPOXKAIOLLMX OC/IOXKHEHUN UMMYHOTEparnum OHKOJIOMMYeCKux 3aboseBa-
HWA. HecMoTpsi Ha HU3KYIO BCTPEYaeMOCTb, MHEBMOHUT OKa3bIBAET 3HAYUTE/ILHOE B/IMSIHNE HE TOJIbKO Ha
Ka4yeCTBO XXN3HU NalyNeHTOB, HO 1 Ha CMEPTHOCTb, B TOM Y/CJIE 3aCTaB/IsIsi MEHSITb CXEMY JIEHEHUS] OCHOB-
Horo 3aboneBaHus. Tepanvsi MHIMOUTOPaMU KOHTPOJIbHbLIX TOYEK UMMYHHOIO OTBETa SIB/ISIETCS OTHOCU-
TeJIbHO HOBbIM, HO XOPOLLO 38PEKOMEHAOBAaBLUNM CEe0S1 BUAOM JIEHEHWST 3/10Ka4€CTBEHHbIX HOBOOOpa30-
BaHun. OXKugaeTcsi, YTO C pacLUpPEHNEM CrCKa rokasaHui K MMMyHoOTepanuu 6yaeT pactv v Konye-
CTBO OCJ/IOXKHEHWH, B CBSI3N C YEM CTaHOBUTCST OYEBUHOM HEOOXOAUMOCTb MHGOPMUPOBaHVST 06 3TOM
Bpa4ei pa3Horo (He TO/IbKO OHKOJIOMMYECKOro) rnpoguns. BaxHo nogaepxuvBatsb y HUX BbICOKUA UHAEKC
roAo03pPUTE/IbHOCTH, YTOObI Ha PaHHUX dTarax BbISB/ISTb XU3HEYrpOXaroLyee OC/IOXKHEHNE 1 Ha3Ha4YaTb
afekBaTHoOe Jie4yeHue. VI3BeCTHbIe B HaCTOSILLEE BPEMS UCC/eN0BaHUSI OTEYECTBEHHbLIX 1 3apybOexHbIX
aBTOPOB 10 BbISIBAEHVIO Y JIEHEHUIO MHEBMOHUTA B OO/bLLUMHCTBE CBOEM HOCST Y3KOHarpaBieHHbIA Xa-
pakTep, paccMmatpuBasi KOHKPETHbIV rpernapar MMMYHOTEPArM Ui KOHKPETHYHO JIOKam3aumio Orlyxosu.
B npeacrasneHHON cTaTtbe Mbl OOBEAUHWUIN U CUCTEMATU3UPOBA/IN AaHHbIE PasdHbIX UCTOYHUKOB, Aesasi
aKUEeHT Ha QUarHOCTUKE v Teparnum 3TOro OracHOro OC/I0XKHEHWS.
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the PD-1 inhibitors Nivolumab and Pembrolizumab are
approved, as well as the PD-L1 inhibitors Atexolizumab,
Avelumab and Durvalumab along with the CTLA-4
antibody Ipilimumab.

The pathogenesis of pneumonitis itself is not
completely studied. According to one of the versions,
the most substantial from our point of view, the immune
checkpoints participate not only in the activation of
the immune response, but also in the prevention of its
excessive activity in terms of proprietary cells. In cases
of immunotherapy, this mechanism gets turned off
and the autoimmune processes develop.

RISK FACTORS OF DEVELOPING

PNEUMONITIS
Pneumonitis, as a complication of immunotherapy,
develops relatively infrequently, thus, there are

circumstances increasing this probability. From various

literature sources, we have isolated the main risk
factors: the most commonly mentioned are the chronic
diseases of the lungs in patients before treatment, such
as the interstitial lung diseases, the chronic obstructive
pulmonary disease, smoking, the combination with
immunotherapy agents and other treatment methods [4],
elderly age [5], past episodes of radiation therapy [6].
Also, a dependence was also shown on the type
of tumor [7]: in particular, in renal cell cancer and
non-small cell lung cancer, the occurrence rate of
developing pneumonitis is higher than in melanoma
(4.4% and 1.4%, respectively). The immunotherapy
medication also plays a role: thus, PD-1 inhibitors show
higher pneumonitis rates comparing to PD-L1 inhibitors
and higher rate of Ill or IV degree pneumonitis. The rate
of developing pneumonitis is not dose-dependent [7],
however, its cumulative pattern was reported, i.e. the
rate is higher in cases of long-term treatment.
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CLINICAL SIGNS OF PNEUMONITIS

During the analysis of literature sources, it was
found that pneumonitis does not exhibit characteristic
clinical symptoms, with the main complaints being
shortness of breath, coughing, fever and chest pain;
also, previously existing chronic lung disease add
to the complexity, the exacerbations of which show
similar manifestations.

Pneumonitis is defined by the following diagnostic
parameters based on the criteria proposed by the
Idiopathic Pulmonary Fibrosis Clinical Research
Network (IPFnet) [5]:

1) inexplicable increase in the shortness of breath
within the last 30 days;

2) data from computed tomography with new bilateral
foci of induration of pulmonary tissue showing the
consolidation or ground glass patterns;

3) absence of signs of pulmonary infection as a result
of diagnostic bronchoalveolar lavaging, endotracheal
aspiration or sputum bacterial culture combined
with negative blood tests for other potentially
infectious pathogens;

4) absence of signs of malignant cells in the fluid
obtained after the bronchoalveolar lavaging
performed for the purpose of ruling out the lymphatic
pattern of cancer spreading;

5) ruling out the left-sided cardiac failure and other
possible causes of acute respiratory insufficiency;

6) the interval between the last administration of
systemic antitumor therapy and developing the
clinical and radiology signs being less than 4 weeks.
According to the National Cancer Institute Common

Toxicity Criteria for Adverse Events (NCI CTCAE,

version 5.0) [8], several severity degrees of pneumonitis

are known:

* |st degree — asymptomatic with the absence of
clinical signs or complaints in a patient: the changes
can be found only based on the results of computed
tomography (CT); only clinical or diagnostic
follow-up is indicated;

* |Ind degree — symptoms, insignificantly affecting
the quality of life in a patient, requiring only limited
medical intervention (medication therapy);

* |lird degree — intensive symptoms, restricting the
everyday activities of the patient, requiring medicinal
and oxygen therapy;

e |Vth degree — life-threatening respiratory
insufficiency, emergency medical intervention is
indicated (for example, tracheotomy or intubation);

* Vith degree — severe respiratory insufficiency,
lethal outcome.

REVIEW

DIAGNOSTICS OF PNEUMONITIS

The functional examination of the lungs is one of
the early and sensitive methods for the diagnostic
of pneumonitis, which can be revealed by a relative
decrease in functional expiratory vital capacity of >10%
from the baseline value, a decrease in the diffusion
capacity of the lungs for carbon monoxide (DLCO)
<60% of the reference, by a decrease of the walking
distance down to <300 m along with the desaturation
by <85% to the end of 6 minute walking test.

Bronchoscopy with bronchoalveolar lavaging shall
be arranged at the early stages of examination to rule
out the alternative diagnoses, such as pneumonia [3];
the lymphocytes count being >60% can indicate the
presence of pneumonitis.

High-resolution computed tomography is the gold
standard of detecting pneumonitis, of evaluating
its progression or resolving. As can be stated from
the abovementioned classification by NCI CTCAE
(v. 5.0), at the 1st stage of the disease, the radiology
abnormalities precede the development of complaints
in patients, due to which it is important to figure out
what the CT-changes look like. Sadly, but there are no
specific radiology signs of pneumonitis. Summarizing
the data from the analyzed sources, we have defined
the main and the most commonly manifesting patterns,
which were classified in accordance with international
multidisciplinary classification of interstitial pneumonias
from the American Thoracic Society / European
Respiratory Society (ATS/ERS) [9]:

* the pattern of  cryptogenic  organizing
pneumonia [3] visualized as focal consolidation
with subpleural and/or peribronchial distribution
and air bronchograms. The specific signs
considered is the reverse halo (atoll sign) — foci
of opacity (ground glass-type) at the center and
consolidation along the periphery (Fig. 1);

e the pattern of non-specific interstitial pneumonia [10]
visualized as confluent bilateral opacity (ground
glass-type) and reticular changes predominantly
in the peripheral and lower areas of the lungs
in the lower lobes with pronounced traction
bronchiectases and loss of the lower lobe volume.
Other findings may include peribronchovascular
distribution with preserved normal pulmonary tissue
subpleurally (Fig. 2);

® the pattern of hypersensitivity pneumonitis [11]
visualized as diffusely distributed induration of
the pulmonary tissue (ground glass-type) with
centrilobular nodules and “air trapping” upon
exhaling (Fig. 3);
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e the pattern of acute respiratory distress-
syndrome [10] visualized as diffuse or multifocal
increase in the density of pulmonary tissue (ground
glass-type) and consolidation, predominantly with
anterior-posterior gradient distribution, as well as
decreased lung capacity, dilation of bronchi and
traction bronchiectases (Fig. 4).

Particularly complex is the diagnostics of
pneumonitis in patients with past episodes of radiation
therapy applied to the chest cavity organs, for they
develop another type of pneumonitis — the radiation
one. The X-ray signs of radiation pneumonitis are the
following: focal consolidation of pulmonary tissue
located approximately in the area of the high-dose
irradiation, more commonly unilateral, affecting lesser
number of the lung lobes and having a sharp margin,
not corresponding to the normal anatomy of the lobe,
while the drug-induced pneumonitis has a tendency
towards being bilateral, affecting more lobes and rarely
having a sharp margin [6].

Taking into consideration the complexity of
diagnostics and evaluation of pneumonitis associated
with immunotherapy, a necessity occurs for searching
new approaches to the analysis of CT-images. We
have found the data on their processing by means of
using the artificial intelligence software. During the
pandemic of pneumonia associated with coronaviral
infection (COVID-19), the developers were teaching
the artificial intelligence software to recognize and to
evaluate the characteristic changes in the pulmonary
tissue. Taking into consideration the fact that the
basis of the radiology pattern of COVID-19 includes
the interstitial changes, it also becomes possible
to recognize pneumonitis [12]. The extrinsic value
in using the artificial intelligence is represented by
the quantitative evaluation of the extent of impaired
pulmonary tissue, which allows for tracking the
dynamic changes of the disease. From our point of
view, the research works in this field are of significant
interest.

Fig. 1. The pattern of cryptogenic organizing pneumonia:
before (a) and after (b) immunotherapy (arrows).

Fig. 2. The pattern of non-specific interstitial pneumonia:
before (a) and after (b) immunotherapy (arrows).

Fig. 3. The pattern of hypersensitivity pneumonitis:
before (a) and after (b) immunotherapy (arrows).

Fig. 4. The pattern of acute respiratory distress-syndrome:
before (a) and after (b) immunotherapy (arrows).
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TREATMENT OF PNEUMONITIS

The treatment tactics for pneumonitis in many
sources is quite general by its nature. We have
summarized the data from the national and foreign
sources with systematizing them depending on
the severity.

In case of grade |, no treatment is indicated,
while the immunotherapy can be continued without
interruption. The recommendations include regular
check-ups with repeated chest CT scans and with
testing the respiratory functions in 3-4 weeks. If
clinical symptoms or radiology changes develop,
which precede the progression of the disease, the
treatment tactics shall be changed and shall correspond
to higher grade pneumonitis.

In case of grade Il, it is recommended to avoid
continuing immunotherapy and to initiate oral
glucocorticoids. Currently, there are no randomized
clinical studies, which could show unambiguous
approaches in terms of the dosages of systemic
glucocorticoids and to the duration of their
administration. Thus, in a small number of published
articles [13], the dosages 1-2 mg/kg of the body
weight for glucocorticoids were reported, the duration
of therapy was 6-8 weeks (with maximum of up to
12 weeks). The national guidelines recommended
Prednisolone at a dosage of 1-2 mg/kg daily or
Methylprednisolone at a dosage of 0.5-1 mg/kg daily
orally [14]. The treatment continues for 4-6 weeks.
Generally, the patients are supervised in the out-patient
settings with an evaluation of dynamic changes in
the clinical signs within 48 hours from the initiation of
steroid therapy and once or twice a week afterwards.
The intake of glucocorticoids shall be continued at the
initial dosage, until the symptoms do not regress to
grade | or to the initial level, after which the dosage
should be slowly decreased within a 6-weeks period.

In cases of grade Il and IV pneumonitis,
hospitalization is required with immediate cessation
of immunotherapy. Before the initiation of therapy,
bronchoscopy should be done with analyzing the
bronchoalveolar lavaging sample for ruling out
the infectious origin of the lesion. The majority of
thoracic societies recommend intravenous injection
of Methylprednisolone or its equivalent at high
dosages (Methylprednisolone 1-2-4 mg/kg daily) [15].
The indication for oxygen therapy is the decrease of
saturation to 88%.

Special attention should be paid to the fact
that achieving clinical improvement in cases of
glucocorticoid therapy is the signal to initiate the slow

REVIEW

(lasting 6 weeks at least) decreasing the dosages of the
medicinal product. In case of a rapid dosage decrease,
ricochet pneumonitis develops, the course of which
can be more severe than the one of the initial cases.

Particularly complex in terms of treatment is the
steroid-refractory pneumonitis, which, according to the
publication data, develops in 20-40% of the patients [13].
In case of developing the refractory pneumonitis,
the options for consideration include additional
immunosuppressive therapy with Mycophenolate
Mofetil, Cyclophosphamide or Infliximab (5 mg/kg,
single administration) [14, 15]. The intravenous therapy
with immunoglobulins is proposed as the safer and
more effective therapy than treatment with Infliximab
or its combination with Immunoglobulin [13].

Another therapy option is the inhibitor of
interleukin 6 receptors Tocilizumab, which has
shown good efficiency in a single research. Other
immunosuppressants, such as Mycophenolate Mofetil
or Cyclophosphamide, are considered slow-acting,
due to which their efficiency is doubtful.

According to the data from another research [4],
the improvement/resolving of pneumonitis during the
treatment can be achieved in 88-90% of the cases:
for grade | — approximately in 100%, for grade Il —
in 93%, for grade Il and higher — in 64%. This statistics
shows the importance of detecting pneumonitis at
early stages. However, even in cases of complete
recovery, the overall survival of the patients having
an episode of pneumonitis is lower comparing to the
patients without such a complication [5].

In some research works, it was found that patients, in
which adverse reactions develop, show better treatment
response than in patients with no complications. Thus,
the patients with pneumonitis have achieved higher
rates of total treatment response comparing to the ones
without it (37% versus 18%, respectively) [16]. Thus,
re-initiation of immunotherapy can be desirable, though
the total rates of side effects in cases of re-initiation are
higher. According to the opinion from the Society for
Immunotherapy of Cancer (SITC) [17], repeated intake
of the medicine is possible in patients with completely
treated pneumonitis grade Il, as well as in separate
patients with completely resolved grade Ill pneumonitis,
in which the benefits of immunotherapy overwhelm the
risk of recurrence-related complications. Patients with
grade IV pneumonitis should not undergo repeated
immunotherapy. In the national recommendations [14],
it is permitted to re-initiate therapy for grades | and I,
while grades Il and IV mean permanent cessation
of therapy.
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CONCLUSION

When selecting the articles and recommendations,
we have grouped the data on the treatment of
pneumonitis depending on the stage and we have
reviewed the rarely used medicinal products. The
analysis of a large number of literature sources helped
us revealing the difficulties of this potentially fatal
disease. One of the new and, from our point of view,
promising methods is using the artificial intelligence
for analyzing the CT-scans. The extrinsic value is shown
for the possibility of quantitative evaluation of the
impaired pulmonary tissue for more precise tracking of
dynamic changes of the disease course.

Therapy with immune checkpoint blockers is
a relatively new, but well-proven type of treatment
for oncological diseases. Due to the fact that
immunotherapy becomes more sought-after, currently
even the list of indications used for this purpose
becomes expanded, which, undoubtedly, shall lead to
the growth in the number of complications and, due
to the fact that such patients are admitted not only
to the oncology-specialized institutions, a necessity
grows in informing the physicians of various specialties
in this threat. It is important to have the physicians
maintaining a high index of suspicion, for pneumonitis is
a life-threatening complication, nevertheless, when
detected at early stages and with proper therapy
prescribed, it is can be very successfully treated, which
increases the survival rate among the oncology patients.
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CASE REPORT

Difficulties in the Diagnostics of Transthyretin Amyloidosis
with Polyneuropathy: a Clinical Case Description

E.S. Ostapchuk® 2, O.l. Glinin?, Yu.V. Alekseeva'
! The Regional Clinical Hospital Ne 1, Tyumen, Russia;
2 Tyumen State Medical University, Tyumen, Russia

ABSTRACT

BACKGROUND: In clinical practice, diagnosing of systemic transthyretin amyloidosis (ATTR-
amyloidosis) with the impairment of the nervous and cardiovascular systems became possible due to the
accessibility of genetic diagnostics and due to the growth of knowledge on this disease. CLINICAL CASE
DESCRIPTION: A clinical case is presented of transthyretin amyloidosis, manifesting as polyneuropathy
with significant neuropathic pain syndrome, with the development of severe vegetative insufficiency
and with the impairment of the cardiovascular system in a 63 years old male. This clinical pattern,
developing for 3 years, was associated with multiple encounters of the patient to various specialists —
rheumatology physicians, neurosurgery specialists, endocrinologists, neurologists, internists, including
surgical interventions in the spinal cord, carotid artery and cardiac vessels. The disease has lead to
the development of severe cachexia and incapacitation of the patient. CONCLUSION: Taking into
consideration that ATTR-amyloidosis manifests with the clinical signs of lesions in various organs and
systems, and this is interpreted by the specialists within the framework of their specific field apart from the
general etiology of the disease. The patient gets prescribed with multiple examinations and symptomatic
medications, which causes a delay in the diagnostics and in setting the correct diagnosis. This clinical
case describes the classical form of transthyretin amyloidosis, which, upon timely diagnostics, has its
pathogenetic therapy.

Keywords: transthyretin amyloidosis; polyneuropathy; vegetative dysfunction; orthostatic hypotension;

clinical case.
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BACKGROUND

Transthyretin  amyloidosis (ATTR-amyloidosis) is
a rare disease with irreversibly progressive course
due to the accumulation of the pathological protein —
the transthyretin (TTR) in the peripheral nervous system,
kidneys, heart, intestines and other organs [1-3].

The protein name “transthyretin” (transports
thyroxine and retinol) is related to the transportation
of the thyroid gland hormone thyroxin (T4) and retinol
upon binding to the retinol-binding protein in the
target organs for normal functioning. Up to 95% of
transthyretin is synthesized by hepatic cells and
secreted into the circulation [4, 5], with the remaining
part being produced in the vascular plexus of the brain
and in the pigmented epithelium of the eye retina and
it circulates in the cerebrospinal fluid, not reaching the
circulation. The TTR secretion begins in the process

© Eco-Vector, 2025
The article can be used under the CC BY-NC-ND 4 license

of embryonic development and continues throughout
the entire life. The blood concentration of transthyretin
is minimal in neonates, but with ageing, an increase
develops in the levels of this protein with its gradual
decrease after the age of 50 years [6].

The most common cause of ATTR-amyloidosis is
the mutation in the TTR gene, resulting in an impaired
secondary and tertiary structure of the TTR protein:
in cases of the pathological type, transthyretin does
not reproduce its usual tetrameric form, but forms
the amyloid fibrils. The accumulated TTR-protein
affects the operation of the cell with its further
death [1, 3].

The first clinical course of familial transthyretin
amyloid polyneuropathy was described in 1952 by the
Portuguese Neurologist C. Andrade in patients from
Northern Portugal, and later on, due to the development
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KJIMHUYECKUIA CNTYYAN

Cno)XHOCTN B ANarHoCTNKe TpaHCTUPETUHOBOro amuionaosa
C noiMHenponaTnen: KIIMHNYeCKNN cnyyam

E.C. OcTanuyk' 2, O.WU. MuHuH?, 0.B. Anekceesa'
1 O6nactHas knuHudeckas 6osbHuua Ne 1, TiomeHb, Poccus;
2 THOMEHCKMIA rOCYAapPCTBEHHbIV MeANLMHCKUI yHUBEpCUTeET, TioMeHb, Poccusi

AHHOTALUNA

O6ocHoBaHue. B KAMHWYECKOU MPaKTUKe AuarHOCTUPOBaHWE CUCTEMHOIrO TPaHCTUPETUHOBOIO
amunovgosa (ATTR-amunongos) ¢ rnopaxeHNeM HEPBHOU v CepaeyYHO-COCYANCTON CUCTEM CTasio
BO3MOXHbIM 6s1arogapsi AOCTYNHOCTU FeHEeTUYECKON ANArHOCTUKU U YBEJIMHYEHWUIO 3HaHWA O AaH-
Hou natosorui. OnucaHue KJANHUYECKOro ciay4das. [lpeacraBneH KINHUYECKU crydal TpaHCTu-
PETMHOBOIro aMuniion[o3sa, rposiB/SIOLLErocs MoJVHENponaTnes ¢ BblPaXKeHHbIM HenponaTni4ecKum
60/1€BbLIM CUHAPOMOM, pas3BuTneM rpybor BereTaTtMBHOW HEe[OCTaTOYHOCTY U MOPaKeHUeM cep-
LEe4YHO-CoCyUCTON cUCTeMbl y My>X4uHbl 63 net. [JaHHOU K/IVHUYECKON KapTuHe, pa3BuBaBLUIelics
B TedeHue 3 s1eT, COrnyTCTBOBAIM MHOMOYUCEHHbIE ObpaLLeHUs nayneHTa K pas/indHbIM crieyuaimc-
Tam — peBmMmaToJsioramM, Helpoxvupypram, dH4OKPUHOI0raM, HeBpoioraMm, TeparnesTam, B TOM 4Yucie
orepatuBHbI€ BMeLLaTebCTBa Ha CIIMHHOM MO3re, COHHOW apTepun y cocyaax cepgua. 3abosnesa-
HWe MPUBEJIO K BbIPaXKEHHOW Kaxekcuu v uHBanmpusaumy nayneHTa. 3akmrodeHune. ATTR-amuion-
103 MPOSIB/ISETCS MOPAXEeHNEM Pas/nyHbIX OPraHoB v CUCTEM, U 3TO BOCIMPUHUMAETCS BpadamMu-
crieymaancTtamMmy B pamMkax cBoer obaacty B OTpbiBe OT 00Lyen KapTuHbl 3aboneBaHvs. NayneHTy
Has3Ha4aroTCsi MHOIrO4YnUC/IEHHbIE WUCCe[OBaHUS Y CUMITOMaTu4eckmne rpenaparbl, YTO Bbi3blBAET
33/]epXKKy B AMarHOCTUKE U OCTaHOBKE rpaBu/ibHOro AvarHosa. [aHHbivi KIMHUYEeCKUi Crydan
OMNUCLIBAET KJ1aCCUYECKYIO (hOPMY TPaHCTUPETUHOBOIO aMuomn[o3a, Kotopas rnpu CBOEBPEMEHHON
ANarHOCTUKE MEET NaToreHeTU4YeCKoe JIe4eHme.

Knro4yeBbie cnoBa: TpaHCTMpeTI/IHOBbIVI amusiongos; I'IO}'IVIHGI;IpOI'I&TI/IFI,' BereratnBHas ,ql/lCprHKL{l/IFI,'
opTocTatnyveckas rurnoTeH3us; KITVHNYECKUM CﬂyLIaVvl.

Ansa ynTupoBarus:
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fongosa C noavHemponaTuen: KIMHWYeCKun cnydan. KanmHudeckas npaktuka. 2025;16(2):97-103.
doi: 10.17816/clinpract634277 EDN: NADEAL
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of genetic diagnostics, this neurodegenerative disease
was diagnosed worldwide [1, 7].

The incidence of developing the transthyretin
amyloidosis is variable depending on the regions,
even among the members of one family. Taking
into consideration the incomplete penetrance, the
individuals bearing the pathological gene can live long
enough without clinical manifestations of the disease [5].
The average life expectancy from the moment of
clinical manifestations until the lethal outcome for
TTR-amyloidosis is 15 years, but these ranges can vary
depending on the genotype, the age of disease onset,
the clinical signs and the place of residence [2].

TTR-amyloidosis represents in two forms [3] —
the acquired one (caused by the abnormal accumulation

of wild type transthyretin) and the hereditary form
(more than 140 variants of mutations in the TTR gene).

The clinical manifestations of transthyretin
amyloidosis include the polyneuropathy with severe
pain syndrome; the carpal canal syndrome; the
dysfunction of the vegetative nervous system of unclear
etiology (erectile dysfunction, orthostatic hypotension,
impaired motor activity of the gastrointestinal tract,
cardiac rhythm disorder); cardiac impairment with an
enlargement of the walls in the right and left ventricles
in the absence of arterial hypertension and combined
with orthostatic hypotension [1, 3, 7].

Predominantly, the first manifestation of
TTR-amyloidosis is the polyneuropathic syndrome,
less frequently — the vegetative disorder. In 18% of the
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cases amyloidosis affects the heart, which results in
rhythm abnormalities, requiring the installation of the
pacemaker [1, 3].

TTR-amyloidosis was considered an incurable
disease until the development of the first liver
transplantations in 1990-s [1]. As of today, the
pathogenetic therapy of transthyretin amyloidosis
for the purpose of stabilizing the TTR-tetramers is
carried out using the medicinal agents Diflunisal and
Tafamidis [5]. Diflunisal, being a drug product from the
group of non-steroid anti-inflammatory medications,
affecting the foci of T4 binding at the TTR, slows down
the process of amyloidogenesis [5, 8], however, taking
into consideration the negative effects on the side of
the gastrointestinal tract, for 57% of the patients, this
medicine is currently not approved for use (research
works are pending) [8]. Tafamidis stabilizes the TTR
tetramer by means of binding to the thyroxin-binding
site of the TTR, both the wild type and the mutated
one [8, 9]. In patients with the manifestation of clinical
signs at the age of <50 years, Tafamidis was decreasing
the risk of mortality comparing to the risk for the
patients not receiving therapy by 91%, while among the
individuals with the onset of the disease at =50 years
of age — by 82% [9].

CLINICAL CASE DESCRIPTION

Patient info

Patient named M., aged 63 years, a retired resident
of the city of Tyumen, was admitted in June 2024 to
the Neurology Department of the State Budgetary
Healthcare Institution of the Tyumen Oblast “Regional
Clinical Hospital No. 17 (RCH No. 1 of the city of
Tyumen) with the complaints of weakness and pain in
the muscles of the limbs, pain in the vertebral column,
dizziness, generalized weakness, frequent loose
stools and impaired erectile functions.

Case history. From 2020 (at the age of 59 years),
the patient started noting weakness and prickling
in his upper and lower limbs, intensive pain in the
limbs and in the vertebral column, decreased blood
pressure (down to 90/60 mm.Hg.) along with erectile
dysfunction. From November 2021, headaches and
dizziness have also developed.

Due to the persisting pain syndrome, on 25.01.2022
the patient was examined by the Rheumatologist, no
abnormalities were detected. One and a half year from
the moment of the clinical manifestations, the patient
had lost 20 kg of body weight. From February 2022,
shortness of breath started developing upon physical
activity: the coronary angiography on 03.08.2022

has shown no abnormalities. In July 2022, carotid
endarterectomy was arranged on the right side due to
the hemodynamically significant stenosis of the internal
carotid artery — down to 85%.

From 19.09.2022 until 29.09.2022, the patient was
staying at the Neurosurgery Department of the Federal
Center for Neurosurgery of the city of Tyumen with the
complaints of pain and numbness in the upper and
lower limbs, pain in all the segments of the vertebral
column. Objective assessment has revealed the
“gloves and socks” hypesthesia, significant tremors
in the distal segments of the upper limbs. Clinical
hematology panel: mild anemia (Red blood cells
3.63x10"?/I, hemoglobin 108 g/l). Magnetic resonance
tomography of the cervical, thoracic and lumbar
spine on 19.09.2022: arthrosis of the facet joints, mild
central stenosis at the level of C6-C7, moderate —
at the levels C4-C6 and Th10-Th11. Moderate
bilateral foraminal stenosis at the level of C4-C7.
Electrocardiography was conducted on 19.09.2022:
sinus rhythm with a heart rate of 77 bpm, left anterior
fascicular block, signs of loading in the right atrium.
On 23.09.2022, a decision was drawn up on arranging
the temporary epidural electrostimulation of the spinal
cord at the level of C3-C5. The postoperative period
was unremarkable (no complications), weakly positive
effect was reported.

From 02.11.2022 until 11.11.2022, the patient was
receiving scheduled treatment at the Cardiology
Department of the Tyumen RCH No. 1.

Laboratory and instrumental diagnosis

On 07.11.2022, the transluminal balloon angioplasty
and stenting of the coronary artery were performed.
The postoperative period was unremarkable
(no complications). The clinical hematology panel was
showing persisting anemia (Red blood cells 3.41x10'?/l,
hemoglobin 92 g/l). Echocardiography on 11.12.2022:
atherosclerosis of the aorta, insignificant myocardial
hypertrophy of the left ventricle, insignificant amount of
fluid within the pericardial cavity.

From 2712.2022 until 04.01.2023, the patient
underwent in-patient treatment at the Endocrinology
Department. Upon visual examination, the body weight
was 40 kg, height — 168 cm, body mass index (BMI) —
14.17 kg/m?2. The blood cortisol concentration was less
than 1 pg/dl (ref. range: 3.7-19), adrenocorticotropic
hormone — 2.3 pg/ml (ref. range: 7.2-63.8). The
diagnosis set was the secondary insufficiency of
the adrenal cortex, the intake of Prednisolone was
recommended at a dosage of 5 mg daily.

www.clinpractice.ru 99

2025

Vol 16 12



On 08.01.2023 — transported by the ambulance
crew to the Tyumen RCH No. 1 with arterial hypotension
(blood pressure — 50/35 mm.Hg.) and complaints of
severe weakness, prickling and numbness in the upper
and lower limbs, severe dizziness and shortness of
breath on minimal physical loading.

Clinical hematology panel: Red blood cells
3.65x10'%/I, hemoglobin 108 g/l with a decrease of
serum iron concentration down to 7.7 mmol/Il. The blood
biochemistry panel and the clinical urinalysis were
unremarkable. The C-reactive protein level was normal.
The parathyroid and the thyroid-stimulating hormones,
the Free T4, the luteinizing and the follicle-stimulating
hormones were normal, as well as the levels of
cortisol. Decreased blood testosterone was found —
down to 3.1 ng/ml. Upon the ultrasound examination
of the thyroid gland, kidneys and adrenal glands —
no abnormalities were detected. Electrocardiography
on 10.01.2023: sinus rhythm with a heart rate of
89 bpm, left anterior fascicular block, signs of loading
in the right atrium, signs of hypertrophy in the left
ventricle. Electroneuromyography on 12.01.2023: signs
of sensory-motor polyneuropathy in the lower limbs,
predominantly of axonal type. X-ray densitometry
on 12.01.2023: the lumbar segment of the vertebral
column and the femoral neck show decreased mineral
density down to the level of osteoporosis (T-Student’s
test -2.9 SD and -3.3 SD respectively). Ultrasound
duplex scanning of the brachiocephalic arteries on
13.01.2023: atherosclerosis of the brachiocephalic
arteries, stenosis down to 45-50%. Computed
tomography of the chest cavity organs: signs of
insignificant mixed-type emphysema. The patient was
discharged in generally satisfactory status with stable
hemodynamic parameters.

On 20.06.2023, due to the persisting pain syndrome
in the back and limbs along with the numbness in the
upper and lower limbs, the patient was repeatedly
admitted to the Neurosurgery Department of the
Federal Center for Neurosurgery of the city of Tyumen,
where he once again underwent an implantation of the
system intended for epidural electrostimulation of the
spinal cord at the level of C3-C5 vertebral bodies.

Conclusion on the electroneuromyography
examination of the upper and lower limbs (self-encounter
due to the persisting numbness in the limbs): signs
of significant motor-sensory axonal-demyelinating
polyneuropathy of the limbs with an accent in the
lower ones. The amplitude of the motor and sensory
responses is significantly decreased (>96%). The rate
of conduction of excitation in the peripheral nerves is
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decreased in the upper (by 25-30%) and in the lower
(35-50%) limbs.

Physical diagnostics. Body weight 40 kg. Height
168 cm. BMI 14.17 kg/m?. General status — satisfactory.
Heart rate — 62/minute. The pulse is rhythmic. Blood
pressure in the right arm — 86/60 mm.Hg. in the
horizontal position, 55/40 mm.Hg. in the vertical
position, in the left arm — 74/50 mm.Hg. in the vertical
position. The heart tones are muffled but rhythmic.

Neurological status. The critical thinking is intact.
The oculomotor nerves show no abnormalities. The
face is symmetrical. Primitive oral reflexes: snout
reflex. The soft palatine and the gag reflexes are intact.
The muscle strength in the upper limbs — proximally
4 points, distally — 2-3 points. The muscle strength
in the lower limbs is proximally 3—4 points, distally —
2 points. The muscle tone in the limbs is decreased.
Atrophy in the muscles of the hypothenar, thenar,
trapezius muscles of the shoulder joint, in the thigh
and shin muscles. Fascicular tremors were revealed
in the muscles of the shoulder girdle. The reflexes in
the upper limbs are active in the biceps and triceps
muscles, no carpal reflexes were observed. The
reflexes in the lower limbs: knee and Achilles tendon —
none on both sides. Pathological plantar reflexes —
absent. Romberg stance test shows sensitive ataxia.
Coordination tests — an intention tremor was detected
on both sides. Hypoaesthesia up to the upper third
of the forearm, down to the lower third of the thighs.
Paraesthesias in the lower limbs. The functions of the
pelvic organs are properly controlled.

Provisional diagnosis
Axonal type polyneuropathy, unspecified.

Genetic examination

Taking into consideration the clinical signs and the
case history, the patient had his blood sample drawn
for conducting the genetical testing for the purpose
of ruling out the transthyretin amyloidosis, and on
30.04.2024, using the Sanger sequencing method,
a pathogenic mutation was detected in exon 2 of the
TTR gene (Nm_000371.4) c.148G>A (p.Val50Met).

For the purpose of ruling out the amyloidosis with
light chain amyloid (AL-type of amyloidosis), 24-hour
samples of blood and urine were tested (21.06.2024):
the concentration of immunoglobulins are within the
normal ranges, no monoclonal secretion detected.
Scintigraphy of the myocardium was arranged
(21.05.2024): accumulation of the amyloid was shown
in the heart, malignancy degree (Grade) Ill (Fig. 1).
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Main diagnosis

Transthyretin amyloidosis with polyneuropathy and
amyloid lesions in the heart, grade lll, severe sensitive
ataxia, severe neuropathic pain syndrome, moderate
flaccid tetraparesis.

Concomitant diagnoses. Secondary insufficiency
of adrenal cortex. Orthostatic hypotension. Significant
body weight deficit (BMI 14.17 kg/m?). Adenoma of the
prostate gland. Degenerative-dystrophic changes in the
vertebral column, thoracalgia syndrome, lumboischialgia
with stable bilateral pain syndrome, incomplete remission
and chronic recurrent course. S/p implantation of the
system for epidural electrostimulation of the spinal cord
on 20.06.2023. Carotid endarterectomy of the internal
carotid artery on 29.07.2022. Ischemic heart disease.
Atherosclerosis of coronary arteries. Transluminal
balloon coronary angioplasty with stenting the right
coronary artery on 07.11.2022. Hypertensive disease
stage lll, risk 4, controlled. Chronic cardiac failure
grade |, functional class II.

Follow-up and outcomes

The genetic testing of blood samples from the
three sons of the patient shows that none of them is
carrying a pathological variant c.148G>A (p.Val50Met)
in the TTR gene, detected in their father.

The patient has received recommendations on
taking the medicinal product Tafamidis 61 mg once
daily, not crushing the pill and not cutting it, not related
to the intake of meals.

DISCUSSION

Transthyretin  amyloidosis is a multisystemic
disease associated with the deposition of amyloid in
the neural tissue, in the heart, the kidneys, the eyes and
the gastrointestinal tract. Taking into consideration the
polysystemic origin of the disease, amyloidosis often
mimics the disease of the internal organs, due to which
the clinical signs with the predominance of one or another
complaints are investigated by various specialists
(neurologists, cardiologists, endocrinologists etc.),
which results in delayed setting the correct diagnosis,
the progression of the disease with the development of
decompensation in the organs and systems, delaying
the initiation of the pathogenetic therapy and, as a
result, the incapacitation of the patient with decreasing
the quality of his/her life. In the endemic regions
(Portugal, Sweden, Japan, Brazil, Cyprus, Majorca,
Bulgaria), transthyretin amyloidosis is found with an
occurrence rate of 1:1000, while in cases of hereditary
ATTR-polyneuropathy, known in 36 countries of the

www.clinpractice.ru

Fig. 1. Scintigraphy of myocardium: accumulation of
amyloid in the heart, grade Ill of malignancy (Grade).

world — in 1:1 000 000 of the population [10]. Setting the
correct diagnosis in patients with amyloidosis takes an
average of approximately three years [2], which is related
to the absence of hereditary history, to multiple and
non-specific clinical manifestations. The most frequent
neurological diagnoses, which are set for the patients
with ATTR-amyloidosis, include polyneuropathy of
unspecified origin, chronic inflammatory demyelinating
polyneuropathy, lateral  amyotrophic  sclerosis,
degenerative-dystrophic changes of the vertebral
column with radiculopathy and Parkinson disease [2].
Early diagnostics of ATTR-amyloidosis allows
for prescribing the pathogenetic therapy (according
to the vital indications) before the development of
irreversible incapacitating changes in the organs and
systems, the therapy that is aimed at preventing the
accumulation of amyloid. In Russia currently there
is a registered pathogenetic therapy medicine with
proven efficiency — Vyndagel (Tafamidis)!, which
selectively binds to the transthyretin protein, causing
its stabilization and preventing amyloid deposition [11],
by this significantly slowing the progression of
neurological symptoms, preventing the loss of body
weight in patients with ATTR-polyneuropathy, which
is confirmed by the results of numerous observations

T Instructions on the medical application of Vyndagel drug
product. Access mode: https:/grls.rosminzdrav.ru/GRLS.aspx
?RegNumber=&MnnR=&lIf=&TradeNmR=BunHaakens&OwnerNa
me=&MnfOrg=&MnfOrgCountry=&isfs=0&regtype=1%2c6&pa
geSize=10&token=7e96bd09-3b25-4dcf-a2b1-79aa4abc9c58&
order=Registered&orderType=desc&pageNum=1
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https://grls.rosminzdrav.ru/GRLS.aspx?RegNumber=&MnnR=&lf=&TradeNmR=���������&OwnerName=&MnfOrg=&MnfOrgCountry=&isfs=0&regtype=1,6&pageSize=10&token=7e96bd09-3b25-4dcf-a2b1-79aa4abc9c58&order=Registered&orderType=desc&pageNum=1

from foreign authors [8, 9, 11, 12]. In the presented
clinical case, what calls attention to itself is practically
four years of delayed period from the development of
polyneuropathy symptoms and erectile dysfunction
to setting the clinical diagnosis. The patient was
supervised by the endocrinologists, rheumatologists,
cardiologists, neurologists, he had twice underwent an
invasive implantation of epidural electrodes due to his
pain syndrome. Thus, the patient underwent multiple
examinations and was repeatedly operated.

The provided observation demonstrates the
irreversibly progressing type of the course of
transthyretin amyloidosis with the dysfunction of
the vegetative nervous system, expressed as the
development of orthostatic hypotension, erectile
dysfunction, impaired motor functions of the
gastrointestinal tract with a background of completely
intact cognitive functions. The accumulation of the
modified amyloid has lead to the deficit of the body
weight (BMI 14.34 kg/m?), to the severe pain syndrome
in the limbs, to difficulties in unassisted movement and
to severe vegetative disorders. At the same time, the
timely conducted genetic testing, setting the correct
diagnosis and prescribing proper therapy could prevent
the incapacitation of the patient.

CONCLUSION

Practicing physicians need to remember about
ATTR-amyloidosis, the timely genetic diagnostics of
which allows for prescribing the pathogenetic therapy,
slowing down the progression of the disease and
significantly improving the quality of life in a patient.
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CASE REPORT

The Patient’s Way to Diagnosis: A Clinical Case of Late Onset
Pompe Disease in an Adult

A.V. Yamshchikova, T.A. Bychkovskaya
Research Institute for Complex Problems of Hygiene and Occupational Diseases, Novokuznetsk, Russia

ABSTRACT

BACKGROUND: Late onset Pompe disease is a rare genetic disease from the group of the accumulation
diseases, the main manifestation of which is the progressive myopathic syndrome. The difficulties
of diagnostics are mainly related to the low awareness of the specialized physicians (neurologists,
orthopaedists, rheumatologists, pulmonologists, pediatricians etc.) on the specific features of this disease,
as well as to the low level of nosological specificity of the myopathic syndrome in general. Special importance
of early diagnostics is due to the existence of pathogenetic therapy. Late diagnostics and delayed initiation
of therapy lead to lower survival rate and higher rate of incapacitation among the patients. CLINICAL
CASE DESCRIPTION: The patient aged 62 years, which for many years was under the supervision by
neurologists with the diagnosis of osteochondrosis, based on the objective data, actually had a myopathic
syndrome that was diagnosed and confirmed using the electroneuromyography. The detected findings
included a decrease in the activity of the alpha-glucosidase enzyme, while the genetic examination that
followed, allowed for detecting the presence of a mutation in the GAA gene. The dynamic changes of
the disease were tracked with a background of taking pathogenetic therapy for 4 years. CONCLUSION:
This clinical case demonstrates the many years of the patient’s way to being diagnosed with a rare genetic
disease and, respectively, to the later initiation of therapy. The efficiency of treating the accumulation
diseases directly depends on the extent of the pathological changes in the target organs, accumulated to
the moment of diagnostics, which means — the earlier, the more effective.

Keywords: late onset Pompe disease; myopathy; enzyme replacement therapy; glycogenosis type II;
accumulation diseases.
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BACKGROUND

Late onset Pompe disease is a rare disease, which
relates to type Il glycogenosis and is a hereditary
accumulation disease with an autosomal-recessive
mode of inheritance. The clinical manifestations of
the disease are determined by the accumulation
of glycogen in the lysosomes of the skeletal muscles,
of the parenchymatous organs, of the nervous system
and of other tissues. The accumulation of glycogen
is caused by the insufficiency of the enzyme —
the acid alpha-glucosidase. The insufficiency of the
enzyme develops as a result of GAA gene mutation
(glucosidase alpha acid), localized at a long arm of the
17th chromosome.

The incidence of the disease in various countries
ranges from 1:300 000 to 1:40 000 [1-3]. In Russia,
the Pompe disease is included into the list of orphan
diseases, but its incidence is unknown. As of the
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year 2024, in Russia this diagnosis was set to
approximately 100 patients'.

The majority of patients go through a very long way
to setting the diagnosis and receiving the pathogenetic
therapy. The low level of diagnostics is also due to
the insufficient awareness of the pediatricians and
neurologists on the specific features of the disease. The
knowledge about this disease must also be available
to the physicians of other specialties: pulmonologists,
orthopaedists, rheumatologists and internists [4]. The
difficulties of diagnostics are primarily related to the
high variability of the disease onset age. Late onset
Pompe disease can manifest both at an early age

" RG.RU [Internet]. Nevinnaya |. The experts: we need faster
solving for the issue of including the Pompe disease into the
neonatal screening // Russian newspaper. April 15, 2024.
Access mode: https://rg.ru/2024/04/15/eksperty-nuzhno-
bystree-reshit-vopros-s-vkliucheniem-v-neonatalnyj-skrining-
bolezni-pompe.html
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KIMHUYECKWNIA CNTYYAN

MyTb naymeHTa K ANarHo3y: KNMHNYeCKNiA cny4yain 6onesHm
Nomne c no3gHMM Hayanom y B3pocsioro

A.B. imuwukoBa, T.A. BoluKoBcKas
Hay4Ho-uccnenoBaTenbCKuin MHCTUTYT KOMIMJIEKCHBIX MPO6GEM rMrueHbl U NpotheccuoHasbHbIX 3aboneBaHuii,
HoBoky3HeLk, Poccusi

AHHOTALIUA

O6ocHoBaHue. HonesHb omMne ¢ No3gHUM Ha4anoM — pegkoe reHeTu4eckoe 3abosieBaHne, OTHOCS-
Lyeecsi K 60/1e3HSIM HaKOIMJ/IEHWS, OCHOBHbIM MPOSIB/IEHNEM KOTOPOIO SIBASIETCS MPOrpPeCcCUpYOLni MUO-
naTu4eckui CUHAPOM. TpyaHOCTU ANarHOCTUKM CBSI3aHbl B OCHOBHOM C HU3KOW OCBEAOM/IEHHOCTbLIO
Bpayei-crieynanncToB (HeBPOJIOroB, OPTONE[OB, PEBMATO/IOrOB, MyJbMOHO/IONOB, neanaTpoB v ap.)
06 0COBEHHOCTSX 3TOro 3abosieBaHvsl, @ TakXKe C HU3KUM YPOBHEM HO30JI0MMHYECKOU CreyneduyHOCT
mmonaTudeckoro cuHgpoma B yesom. Ocobasi BaAXXHOCTb paHHEeN auMarHOCTUKM 0BYC/10B/IeHa CyLLecT-
BOBaHWEM MaToOreHeTNYecKon Tepanuun. [1034HA5 ANarHOCTUKa M OTCPOYEHHOE Ha4yasio Tepanuy BegyT
K MEHbLLEN BbIXXMBAEMOCTU v O0/IbLLEN YacToTe HBaan3aumumy naymeHTos. OnMcaHue KIMHU4eCcKoro
cnydas. Y nayneHTku 62 net, MHOro 1eT HabirogaBLUesicsl Y HEBPOJIOroB C ANarHO30M OCTEOXOHAPO3a,
OOBLEKTVIBHO Obl/1 BbISIB/IEH MUOMATUHECKUN CUHAPOM, MOATBEPXKAEHHBIN C MOMOLLbLIO 3/1IEKTPOHENPOMMO-
rpagum. ObHapy>KeHO CHUXXEHNE aKTUBHOCTY (hepMeHTa asbgha-rmoKosygasbl, a MocaeyoLee reHeTu-
4Yeckoe vccrieqoBaHne Mo3BOIMIIO ONpeaennTe Hanmyme myTtaumm B reHe GAA. lNpocnexxeHa avHammka
3abosieBaHVsi Ha (hoHe rpuéma rnaToreHeTUYEeCKoN Teparnnm B Te4eHne 4 net. 3aknroveHune. [JaHHbIi K-
HUYECKUI CrTy4Yar IIOCTPUPYET MHOMOETHU yTb NaLMEHTKU C PEAKVUM reHETUYECKUM 3aboeBaHneM
K AnarHosy v, COOTBETCTBEHHO, 60/1ee No3aHEMY Hadasly Teparnmum.

KnrodeBbie cnoBa: 60s1e3Hb [Tomie ¢ no3gHNM HadvasaoM; MUonaTvsi; (hepMeHTO3aMecTuTeIbHas Tepa-

si; rvkoreHo3 Il Tuna; 601e3H1 HaKoMIeHWS.

Ans yntupoBaHus:
Avimkosa A.B., Belukosckas T.A. MyTb naumeHTa K gnarHosy: KnnHu4eckuin cnyyari 6onesHm Nomne ¢ nosa-
HUM HayanoM y B3pocnoro. KimHunveckas npaktuka. 2025;16(2):104-111. doi: 10.17816/clinpract678919

EDN: WSNEYP
MocTynuna 26.04.2025

MpuHsaTa 07.06.2025

Ony6nnkoaHa online 24.06.2025

(after 1 year of age) and at the older age. The main
problem of the diagnostics is the non-specificity of
clinical manifestations, the phenotype of patients
with late onset Pompe disease is similar to a large
number of neuro-muscular diseases. Due to the fact
that late onset Pompe disease belongs to the group
of myopathies, among the clinical signs, the ones
prevailing are the muscle weakness and the respiratory
abnormalities, which slowly progress and do not show
clear nosological specificity. The diagnostics of Pompe
disease is based on the screening of the activity of the
acid alpha-glucosidase enzyme?, which is supported
by the molecular-genetic testing of the GAA gene upon
detecting the decreased activity of the enzyme [5-7].

2 Ministry of Health of the Russian Federation. List of headings
of the clinical recommendations [Internet]. Pompe disease. The
Union of Pediatricians of Russia, the Association of Medical
Geneticists, Society of Specialists on Neuromuscular Diseases,
2019. Access mode: https://cr.minzdrav.gov.ru/view-cr/317_1

All the patients with Pompe disease should receive
lifetime pathogenetic enzyme replacement therapy.
Currently, in the Russian Federation, two medicinal
products are registered: Alglucosidase alfa (from 2013)
and Avalglucosidase alfa (from 2023). Avalglucosidase
alfa, according to the data from clinical research, is
a more effective medicinal product with better safety
profile [8].

CLINICAL CASE DESCRIPTION

Patient info

Female patient X. born in 1959, office worker.
Presented to the Neuromuscular Diseases Office of
the Consultative and Diagnostic Center of the Federal
State Budgetary Scientific Institution “Scientific
Research Institute for Complex Problems of Hygiene
and Occupational Diseases” (SRI CPH and OD) in March
2021 with the complaints of weakness in the limbs;
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difficulties when walking up (the stairs, in the transport
vehicles, walking uphill); when standing from the sitting
position or lying position; changes in the gait; periodical
spasms in the gastrocnemius muscles; shortness of
breath when walking and upon mild physical activity.

Case history. The early development of the patient
was unremarkable. From the school age, she had
noted problems during physical exercises at school:
difficulties were experienced when jumping or running
(the only “C” mark during the school years was for
physical education). From 2004/ 2005 (at the age of
about 45 years), she started noting difficulties when
standing up from the squat on haunches, when
walking up the stairs of the vehicle; slight limping has
developed. After 3 more years, a clear gait change
was observed. During the last year, shortness of
breath developed. The disease course is progressing.
The relatives had no such symptoms. From the age
of 30 years, the patient periodically undergoes
check-ups at the neurologist office due to
osteochondrosis with short-term effect.

Regular medical check-ups (follow-up). Disability
group Il (mastectomy in 2005 due to the malignant
neoplasm, radiation and chemotherapy were used);
hypothyroidism from 2006 (replacement therapy —
receiving Euthyrox at a dosage of 100 ug).

The presence of injuries or infectious diseases —
negative (verbal information provided by the patient).

Laboratory and instrumental diagnosis

Objective findings: clear consciousness, adequate
behavior; oriented in the location, time and personality.
The body constitution is correct, normosthenic. Height
172 cm, weight 82 kg. The skin surface is clean,
showing usual coloring. Breath rate — 18 per minute,
no rales were found in the lungs. Upon auscultation, the
heart tones are rhythmic,
the heart rate is 75 bpm,
the blood pressure level
is 120/78 mm.Hg. The
abdomen is soft and
painless. The functions of
the pelvic organs are not
impaired.

Trendelenburg gait,
the patient experiences
significant difficulties

when standing up from
‘ the sitting position,
from the lying position,
from squat on haunches,

Fig. 1. Gower’s maneuver
upon standing.
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using the Gower’s maneuvers (weakness of axial
muscles) (Fig. 1, Supplement 1).

Craniocerebral nerves: the patient is capable of
differentiating the smells, the fields of vision upon
quick testing are normal, the palpebral fissures and
the pupils are equal, active photoreactions are present,
the ocular motility has a full range, no signs of nystagmus
were found, the facial sensitivity is not impaired, the
face is symmetrical, the phonation is intact, the throat
reflexes show medium degree of activity, the tongue
is positioned along the midline, no fasciculations were
noted (visible involuntary contractions in separate
bundles of muscle fibers).

Muscles. Mimic muscles — 5 points of strength
according to the MRC scale (Medical Research
Council). Strength in the proximal segments of the
upper limbs: 4-5 points, in the extensor muscles of
the forearms — 4 points, in the proximal segments
of the lower limbs — 3-4 points; more decreased
strength of the extensors and the adductors of the
thighs, along with the extensor muscles of the shins.
Visually, there are no signs of muscle atrophy or
pterygoid scapulas.

Reflexes. The tone in upper and lower limbs is
decreased, the tendon reflexes in the upper and lower
limbs are decreased, no pathological reflexes were
found. The abdominal reflexes are decreased (flaccid
anterior wall of the abdomen), no sensitive disorders
were observed. Romberg stance test — stable,
coordination tests — satisfactorily.

The specific complaints and data from the
neurological assessment allowed for suspecting the
presence of primary muscular disease.

The provisional diagnosis set was the following:
“Myopathic syndrome of unclear origin”.

Clinical blood and urine tests were showing no
abnormalities, except for periodical elevation of
creatinphosphokinase (CPK) from 300 to 500-600 U/I.

Data from stimulation electroneuromyography
conducted on the day of presenting to the Clinic of
the SRI CPH and OD in March 2021: the conduction
of impulse in the nerves of the upper and lower limbs
is not impaired. Upon the needle electromyography
of the muscles of the upper and lower limbs, single
spontaneous activity was registered in the proximal
muscles, the movement unit potentials in the distal
muscles are intact, in the proximal muscles of the
upper (the deltoid) and lower limbs (the quadriceps,
the femoral adductor), the movement unit potentials
have moderate remodeling of muscle type expressed
as a decrease in the mean duration (Fig. 2).

https://doi.org/10.17816/clinpract678919
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Quantitative EMG
Adductor femoris, Obturatorius, L2-L4

Movement unit potentials, MUP
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13 v 7.45 1463 2037 1.39 3 6 0.575 2.6 1.72
14 v 713 842 672 0.797 |3 9 0.2 2.35 0.648
16 v 8.98 639 875 1.37 5 7 0.375 3.4 0.98
18 v 6.65 603 566 0.94 4 10 0.35 1.65 0.5
19 v 9.48 2057 2801 1.36 4 7 0.775 2.78 1.99
20 v 8.07 1075 1567 1.46 5 5 1.0 3.73 1.52

Fig. 2. Myogenic remodeling of the movement unit potentials upon the needle electromyography (decreased duration, the
saturated pattern). N/p — Non polyphase, P/p — Polyphase.
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Molecular-genetic examination. In March 2021,
blood sample was drawn for dried blood spot testing:
the detected activity of the alpha-1.4-glucosidase was
0.36 umol/I per hour (ref. ranges >2.32).

Using the method of next generation sequencing
(NGS; NGS-panel), in the GAA gene, the pathogenic
chr17:78078341T>G and chr17:78078692T>G
nucleotide variants were detected in the heterozygous
state. The examination was carried out at the
Laboratory of Molecular Genetics and Medical
Genomics of the Center for Fundamental Research
in Pediatrics under the Federal State Autonomous
Institution “National Medical Research Center for
Children’s Health”, the subdivision of the Ministry of
Health of the Russian Federation, the results were
obtained in May 2021.

Definitive clinical diagnosis

Thus, the characteristic complaints, the anamnestic
data, the data from neurological assessment, as well
as the decreased activity of alpha-1.4-glucosidase
in blood along with the confirmation of the presence
of mutations in the GAA gene has allowed for stating
the definitive clinical diagnosis: “Late onset Pompe
disease”.

Additional examination

The additional examination of the female patient
was carried out at the Neurology Department of the
Federal State Budgetary Scientific Institution “Scientific
Center for Neurology” in June 2021, where the following
results were obtained.

Laboratory tests. Alanine aminotransferase (GPT)
26 U/l, Aspartate aminotransferase (GOT) 59 U/,
Creatinphosphokinase (CPK) 516 U/l, Lactate
dehydrogenase (LDH) 190 U/, Creatinphosphokinase-MB
(MB-CPK) 8 U/l (the reference ranges from the
laboratory were not listed in the discharge epicrisis).

Instrumental examinations:
® echocardiography: the linear dimensions of the

heart and the hemodynamic parameters in the heart

valves are matching the age-specific reference
ranges. The local and the global systolic function
of the left ventricle is not impaired. Type | diastolic
dysfunction of the left ventricle (impaired relaxation).

Mitral regurgitation grade |I. Tricuspid regurgitation

grade I. No signs of pulmonary hypertension were

detected;

® evaluation of the pulmonary functions test findings:
vital capacity (VC) at the sitting position is 2.2 L
(64.9% of the normal VC);
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® magnetic resonance imaging (MRI) of the muscles:
the data correspond to atrophy in thigh muscles
with the presence of zones of swelling (stage 2b
acc. to the classification by E. Mercuri, 2002).

Treatment

The enzyme replacement therapy with alpha-
glucosidase medicinal product was prescribed to the
patient. For two years (in 2021-2022) she was receiving
Alglucosidase alfa, while the last two years (2023-2024)
she was switched to Avalglucosidase alfa.

With the background of the pathogenetic therapy,
the female patient subjectively reports positive dynamic
changes expressed as an increase in the tolerance
to physical activity along with decreasing shortness
of breath.

Additional examinations conducted for dynamic
follow-up at the Neurology Department of the Federal
State Budgetary Scientific Institution “Scientific Center
for Neurology” in August 2023, have demonstrated the
following results:

1) laboratory tests: GPT 36 U/l, GOT 55 U/,
CPK 293 U/I, MB-CPK 30 U/I, LDH 162 U/I, alkaline
phosphatase 189 U/I;

2) Instrumental examinations:
® needle electromyography: the amplitude and

the duration of movement unit potentials in the
musculus deltoideus on the right side, in
the musculus biceps brachii on the left side, in
the musculus paravertebralis (Th12) on the left
side and in the musculus tibialis anterior on the
left side are within the normal ranges; in the
musculus biceps brachii on the left side, there
are single myogenic movement unit potentials;
the amplitude of the movement unit potentials
in the musculus interosseus dorsalis on the left
side and in the musculus vastus lateralis on the
right side is increased, the duration is within the
normal ranges; other registered findings include
spontaneous activity expressed as positive sharp
waves in the musculus interosseus dorsalis and
in the musculus tibialis anterior on the left side;

® pulmonary functions test: VC 2.530 | (75.3% of

the proper VC) at the sitting position;

® echocardiography: signs of connective-tissue

dysplasia (hypermobility of the interatrial septum,
additional chordae in the left ventricle cavity);
the local and the global systolic function of the
left ventricle is not impaired; type | diastolic
dysfunction of the left ventricle; mitral insufficiency
grade [; tricuspid insufficiency grade II;

https://doi.org/10.17816/clinpract678919
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e ultrasound examination of the abdominal
cavity organs: no ultrasonographic signs of
pathological changes were detected in the liver,
pancreatic gland and the bile ducts.

Prognosis

Is was shown that, in adult patients with late onset
Pompe disease, not receiving enzyme replacement
therapy, the mortality is higher than in general
population [9]. The factors, improving the prognosis
and slowing the progression of the disease, include
the earlier diagnostics of the disease and prescribing
enzyme replacement therapy.

DISCUSSION

The patient’s way to receiving the pathogenetic
therapy was approximately 20 years. The long-term
period of diagnostics is related to the insufficient
awareness and knowledge among the neurology
physicians, which were following up the patient with
the diagnosis of osteochondrosis. The late onset of the
disease associated with “softer” mutations in the GAA
gene and slower progression [10] also resulted in the
delaying the process of diagnostics.

The findings detected in our patient upon the
physical examination, namely, the muscular weakness
syndrome, had to be differentiated with a number of
diseases, and first of all, the impairment level needed
to be determined — myogenic, neurogenic, synaptic
or central. Taking into consideration the fact that the
pyramidal syndrome (increased reflexes, pathological
reflexes) was not reported in a patient, the central
level of impairment of the neuromuscular system
was immediately rejected. Our patient also did not
have the pathological muscular fatigability symptom
characteristic for the synaptic level of impairment. The
absence of sensitivity disorders has called into question
the neurogenic level, however, the damage of the motor
neuron, as well as motor neuropathies, occur without
impairing the sensitivity. In differentiating the neurogenic
and the myogenic levels, electroneuromyography is
helpful (with a proviso that the clinically weak muscles
are examined). Electroneuromyography in cases of
myogenic lesions has a number of limitations related to
the mosaic pattern of muscle involvement for various
myopathies, as well as to the atrophy of separate
muscle fibers even within a single muscle [11, 12], which
is why the movement unit potentials of the muscle,
in which there are no objectively signs of strength
decrease, can show normal pattern, in some cases
even neurogenic, which can mislead the diagnosing

www.clinpractice.ru

specialist. The distribution of muscle weakness in our
case and in the majority of cases described in the
literature sources for late onset Pompe disease, has
a specific pattern, characteristic by the predominant
damage of the axial muscles, the proximal muscles of
the upper and lower limbs, with the lower limbs being
affected to a greater extent with intact strength in the
feet [11, 13, 14]. In this clinical case, muscle weakness
prevailed exactly in thigh muscles: the weak muscles
were examined (the adductor and the quadriceps),
in which single spontaneous activity and myogenic
remodeling of the movement unit potentials were
registered. The spontaneous activity in the affected
muscles indicate the on-going process of denervation
as a result of dying muscle fibers, in favor of which
was the detected increase of blood CPK, however, the
not so high CPK level and the activity of denervation
in the muscles were indicating the slow course of the
pathological process, which was also shown in other
cases of late onset Pompe disease [13, 15, 16].

MRI of the muscles have confirmed the
morphological remodeling of the thigh muscles. The
myopathic syndrome, detected clinically and confirmed
instrumentally, often does not receive nosological
identification and remains a syndromal diagnosis. The
tracked history of muscle weakness from the school
years with slow progression indicates the possible
genetic genesis of myopathy; the low rising CPK level
and low activity of denervation count against the
inflammatory damage of the muscles (polymyositis,
dermatomyositis), the characteristic features of
which include very high CPK levels and the activity
of denervation; while the absence of the patient’s
relatives in the previous generation speaks for the
autosomal-recessive mode of inheritance.

The accumulation diseases are divided into two main
groups: with the predominant damaging of the nervous
system (leukodystrophies) and with the predominant
damaging of the muscular system (glycogenoses). In
our case, the leading was the damage of the muscles.
The myopathic syndrome in cases of glycogenoses,
the number of which counts more than ten of types, is
nosologically non-specific. The mode of inheritance in
the majority of glycogenoses is autosomal-recessive. In
case oftypel (Gierke disease), the myopathic syndrome,
unlike the late onset Pompe disease, is accompanied by
hyperuricemia and hypoglycemia symptoms, by chronic
renal failure, having an onset of the disease at the
babyhood and being characterized by delayed growth
and puberty [17]; in type Il (Cori disease), besides
hyperuricemia and hypoglycemia, hyperlipidemia
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and hypercholesterolemia are observed [17]; in
case of type IV (Andersen disease), patients show
delayed development and the lethal outcome occurs
due the hepatic failure to the 5th year after birth [18];
type V (McArdle disease) myopathy is accompanied by
muscle pain, renal failure develops with a background
of myoglobinuria along with hyperuricemia [19].
Thus, the late onset Pompe disease in adults differs
from other glycogenoses by the absence of delayed
physical development, hypoglycemia, hyperuricemia or
myoglobinuria, however, its more credible differentiation
is possible based on laboratory testing of the activity of
the enzymes participating in the glycogen metabolism.

CONCLUSION

The confirmation of the diagnosis of late onset
Pompe disease is conducted by means of using the
laboratory and genetic tests studies. Dried blood spots
can be sent to the genetic laboratory by any physician
from any region of the country. To provide a possibility
of receiving a chance for pathogenetic therapy for
a patient, the physician should not only suspect the
presence of a myopathic syndrome in a patient, but
he should also be aware on the possibilities of sending
dried blood spot samples for testing.

Insufficient positive dynamic changes in the
patient status is related to the later onset of therapy,
however, the absence of subjective aggravation of the
symptoms indicates the stabilization of the status and
the necessity of continuing the life-time pathogenetic
enzyme replacement therapy for increasing the
duration of the active phase period.
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CASE REPORT

The Combined Approach in the Treatment of a Patient
with Glaucoma and Endothelial-Epithelial Corneal Dystrophy:
A Clinical Case Description
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ABSTRACT

BACKGROUND: Penetrating keratoplasty provides a possibility of restoring vision in patients with
various corneal diseases, however, just like any surgical intervention, the operation is associated with
certain risks and has a number of contraindications. One of the unfavorable prognostic factors in cases of
penetrating keratoplasty is uncompensated glaucoma. Penetrating keratoplasty can result in the reactive
postoperative hypertension, however, this is not a standard situation. In patients with a history of glaucoma,
this complication occurs much more often than in patients without previously diagnosed glaucoma. The
increase of intraocular pressure during the postoperative period in patients suffering from glaucoma,
can lead to the progression of the disease and to the development of the transplant disease. CLINICAL
CASE DESCRIPTION: This article presents a clinical case of a patient with juvenile glaucoma, which
underwent several glaucoma surgeries and later he received an Ex-PRESS implanted glaucoma drainage.
The drainage implant was in contact with the posterior surface of the cornea, as a result of which, initially
local and further total endothelial-epithelial corneal dystrophy has developed with the formation of stromal
cloudiness and progressing of pain syndrome. The drainage was removed and subsequently a decision
was drawn up on arranging a penetrating corneal keratoplasty, for the critical flicker fusion rate was 30 Hz,
which allowed for expecting a sufficiently high vision acuity during the postoperative period. However,
despite the maximal hypotensive regimen, the intraocular pressure remained high, due to which, for the
purpose of decreasing it before corneal transplantation, a transscleral diode laser cyclophotocoagulation
was used. CONCLUSION: The presented clinical case demonstrates the efficiency of transscleral
diode laser cyclophotocoagulation in a patient with uncompensated glaucoma in terms of the quality of
preparation to penetrating keratoplasty.

Keywords: clinical case; transscleral diode laser cyclophotocoagulation; refractory glaucoma; juvenile
glaucoma; intraocular pressure; penetrating keratoplasty.
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BACKGROUND the background of high intraocular pressure has a high

Penetrating keratoplasty is a surgical procedure,
during which the whole thickness of the patient cornea
is replaced with the donor material. The surgery
provides a possibility of restoring vision in patients
with corneal cloudiness caused by various reasons,
however, just as any other surgical intervention, it is
associated with certain risks and has a number of
contraindications [1].

The normal level of intraocular pressure is one of
the key factors affecting the transparent survival of
the transplant and adequate visual rehabilitation in
patients undergoing the penetrating keratoplasty, for
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risk of transplant cloudiness [1].

The elevation of intraocular pressure after the
surgery can be the result of mechanical factors, such
as the blockade of the angle in the anterior chamber,
as well as the inflammatory and immune reactions
(the activation of the inflammatory mediators can
contribute to the formation of fibrous tissue and
scarring in the area of the anterior chamber angle) [2].

The manifestation of reactive postoperative
hypertension is a frequent complication of penetrating
keratoplasty with an incidence, according to various
data, ranging from 17 to 35% of the cases. Patients
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KIMHUYECKWNIA CNTYYAN

Kom6uHnpoBaHHbIN NOAXO0A B ieYeHUN NaluneHTa C rnayKkomonm
M SHAOTeNnanbHo-INUTeNnasbHON ANCTpoPren poroBuLbi:
KIIVHNYeCKUN cnyvyam

F.LU. ApxumatoBa'’ 2, U.B. AnekceeB' 2, A.1. U6panmos’, JI.A. Monosa?
1 MOCKOBCKMIA MHOrOMPOMUSIbHbIA Hay4YHO-KIMHUYECKNiA LeHTp nmenn C.IM. BoTtknHa, Mockea, Poccus;
2 Poccuiickasi MeuuUmMHCKast akageMmus HernpepbiBHOMO npodeccuoHansHoro obpasosaHuisi, Mockea, Poccusi

AHHOTALINA

O6ocHoBaHue. CkBO3Hasi kepaTor/iacTnka [aéT BO3MOXKHOCTb BOCCTaHOBUTL 3PEHWE Yy MNauueHTOB
C pasmm4HbIMy 3a60/1eBaHNSIMI POroBuULbl, OAHAKO, KakK u J1l060e X1Pypru4ecKoe BMeLLaTe/IbCTBO, ornepa-
Ums cBsi3aHa C OrpeaenéEHHbIMY pPUCKaMy U UMEET psif rnpoTusornokasaHui. OgHUM n3 HebaaronpUsTHbIX
MPOrHOCTUYECKNX (haKTOPOB Py CKBO3HOV KEPATOIN/IaCTUKE SIB/ISIETCS HEKOMIEHCUPOBaHHas rn1ayKkoma.
CKBO3Hasi kepaTorniacTvka MOXXET NMPUBOANTE K PEaKTUBHOW MOC/I€0NepaLMoHHON rmnepTeH3nm, 0AHaKo
9TO He SBASIETCS CTaHQapTHOW cUTyaunen. Y naymeHToB C r71ayKOMOV B aHaMHE3€ [aHHOE OCJ/IOXHEHNE
BCTpeYaeTcs ropasqo 4aile, 4em y naymeHToB 6e3 AuarHOCTUPOBaHHON paHee rnaykomel. [1oBbilLeHve
BHYTPUWITIa3HOro AaBJ/IeHNST B MOC/Ie0nepaLMoHHOM nepuoae y nalumeHToB, CTPpagaroLmX rfayKoMou, Mo-
JKET MPpUBOAUTE K MPOrpeccupoBaHmnio 3abosieBaHVs U pa3BUTU0 60Ae3HU TpaHcraaHTata. OnucaHue
KJIMHUYECKOro ciy4as. B gaHHou paboTte npegcrasieH KIMHUYECKUI Cyqal naumeHTa ¢ OBeHUIIbHOM
r71ayKOMOW, KOTOPOMY Obl/Iv MPOBEAEHbBI HECKOJIbKO aHTUITIayKOMHbIX Orlepauuii v BOCAeACTBUAN MI1/IaH-
TUPOBaH aHTUINIayKoOMHbI Ex-PRESS gpeHax. [peHax KOHTaKTupoBas C 3afHel NoBepXHOCTbH POro-
BULbI, B pe3ysibTaTe 4Yero pasBusiachb BHa4vasle JI0KajlbHasl, a 3aTeM ToTaslbHasi dHLOTeNaIbHO-3MUTESN-
asbHasi gUCTpPogUsi PoroBuLibl C hOPMUPOBaHNEM CTPOMAasIbHbIX MOMYTHEHWI 1 rnosiBieHneM 60/1eBoro
cuHapoma. [peHax 6bia yaanéH, v BriocaeaCcTBum Oblio MPUHSTO PELLEHUE O NMPOBEAEHUN CKBO3HOU Ke-
paTonIacTukKy PoroBuLibl, MOCKOJIbKY KPUTUYECKAasl YacToTa C/NSIHUST MesibkaHwii coctasnsina 30 [, 4To
r03BOJIANI0 OXUAAaTh JOCTAaTOYHO BbICOKOW OCTPOThI 3PEHUST B riocseonepaynoHHoM nepuoge. OgHako,
HECMOTPST Ha MaKCUMaslbHbIN rMNOTEH3UBHbBIV PEXXUM, BHYTPUITIa3HOE JaB/IeHNE OCTaBasloCh BbICOKUM,
B CBSI3U C YeM [J151 €r0 CHUXXEHVIS epes TpaHCriaHTaumer porosuLibl bbisa BbifOJIHEHA TPaHCCKIEPasib-
Hasi guog-nasepHas UMKaogoTokoarynsayms. 3aknodeHne. [pencraBieHHbI KIVMHUYECKUIA CllyYan fe-
MOHCTPUPYET 3(DHEKTUBHOCTb TPAHCCKAEPA/IbHON ANOA-1a3EPHON LIMKIOMOTOKOarynsauymn y naLumeHTa
C HEKOMIMEHCHPOBaHHOM r71ayKOMOV B KQYECTBE MOArOTOBKM K MPOBEAEHNIO CKBO3HOW KepaTorniacTUKM.

KnrodeBbie crioBa: KIMHUYECKUI Cllyyqaii; TpaHCCKepasbHas AMoa-iasepHas UMKI0MOoToKoaryasums;
pepaKTepHas rnaykoma; toBeHUIbHasi mayKoma, BHyTPUiasHoe AaB/ieHne; CKBO3Hasi KepaTorniacTyKa.

Ans yurupoBaHus:

Apxumatosa I.LL., Anekcees U.B., N6panmos A.U., NMonosa J1.A. KoMOG1HMPOBaHHbIN NOAXOL, B IEHEHN
naumueHTa C rmayKomMon 1 3HAOoTEeNNanbHO-3aNUTeNManbHOM OUCTPOgUEN POroBULbI: KITMHUYECKIWIA CllyYail.
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with a history of glaucoma are subject to the highest
risk of increasing and stable decompensation
of intraocular pressure after penetrating corneal
transplantation, the control of which is especially
difficult in patients at the maximum hypotensive
mode, as well as among the individuals that underwent
various types of surgical glaucoma interventions
[3-6]. This is why the presence of past history of
uncompensated glaucoma in a patient represents an
unfavorable prognostic factor before the conduction
of penetrating keratoplasty.

The clinical case presented demonstrates the
possibility of using the transscleral diode-laser
cyclophotocoagulation before the conduction of
penetrating keratoplasty in patients with uncompensated
or sub-compensated glaucoma at the maximum
hypotensive regime. Laser cyclophotocoagulation
affects the structures of the ciliary body, responsible for
the production of aqueous humour. They undergo the
processes of destruction, due to which, the quantity
of produced humour decreases and the intraocular
pressure decreases. The patient had multiple surgeries
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for refractory glaucoma, due to this, the cicatrization
process was initiated practically along the whole
limbus, which is why it could be supposed that the
success of any fistulizing surgery could be doubtful.
This is why the method of surgical intervention chosen
was specifically the laser cyclophotocoagulation.

CLINICAL CASE DESCRIPTION

Patient data

Patient aged 37 years, presenting on 28.04.2023
to the Department of Emergency Ophthalmology Aid
of the Moscow City Ophthalmology Center under
the State Budgetary Healthcare Institution “Moscow
Botkin Multidisciplinary Scientific-Clinical Center”
of the Healthcare Department of the City of Moscow
(DEOA MCOC MBMSCC) with the complaints of pain
in the left eye and low vision acuity in the left eye.

Case history. The complaints were acutely
progressing from 26.04.2023. The patient was not
self-medicating, presenting directly to the DEOA
MCOC MBMSCC. According to oral information
provided by the patient, from 2009 he was diagnosed
with glaucoma in the left eye (oculus sinister, OS), for
which he was constantly using Dorzolamide 2% drops
twice daily, Timolol 0.5% twice daily, Proxodolol 1% +
Clonidine 0.25% twice daily and Latanoprost 0.005%
once daily. Past medical history of multiple (2010, 2012
and 2016) glaucoma surgeries in the ophthalmology
clinical hospital. In 2016 — implantation of the
Ex-PRESS drainage, followed by its removal in 2020.

On admission. The ophthalmology status of the
right eye (oculus dexter, OD) shows no abnormalities:
vision acuity based on visometry results of (Visus,
Vis) 0.7 sph -1.0D=1.0 (where the sph means
sphere and D — diopters); the intraocular pressure
is 16 mm.Hg. The ophthalmology status of the left
eye on admission: Vis OS=1/=, proectio lucis certa
(correct light projection, i.e. separate foci of retina
have preserved the capability of reacting to light). The
intraocular pressure on palpation is “++”. The eyelids
show no signs of abnormalities with their closure being
complete, the eyelash growth pattern is correct. On
palpation, the eyeball is painful. The conjunctiva and
the sclera show the following: congestive injection,
above the upper limbus, there is a cystically modified
filtering bleb. The cornea: the surface is rough, diffuse
swelling of the epithelium and stroma, cloudiness in the
stroma, pronounced folds were found in the Descemet
membrane. The underlying layers are covered in haze.
The anterior chamber is of medium depth, the aqueous
humour of the anterior chamber is transparent. The
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iris has intact color with smoothened pattern, at the
12 o'clock position, a basal coloboma was found.
The pupil: the shape is correct, the photoreaction is
weakened. The eye lens was visualized as transparent.
The fundus reflex is weakened. The vitreous body,
as well as the fundal structures are not available for
ophthalmoscopy due to the corneal status.

Transscleral diode laser cyclophotocoagulation

Diagnosis. The patient is hospitalized to the
Ophthalmology Department No. 60 of the DEOA
MCOC MBMSCC according to the urgent indications
with the diagnosis of: «0S: decompensated
glaucoma, endothelial-epithelial corneal dystrophy.
OD: mild myopia».

Medication treatment. The maximal hypotensive
regimen was prescribed to the patient (with additional
Brimonidin 0.15% 3 times daily; Acetazolamide 1 pill
once daily for 3 days).

Surgical treatment. 29.04.2023 — the ophthalmology
status of the OS shows no changes, due to which
a decision was drawn up on the necessity of surgical
treatment. The procedure of transscleral diode laser
cyclophotocoagulation was carried out in the left eye
using the infrared laser with a wavelength of 810 nm,
with the power of 800 mW and with an exposure of
20 seconds; the quantity of formed coagulates is 16.

Ophthalmology status. On 30.04.2023, the patient
subjectively notes positive changes. The ophthalmology
status of the left eye: Vis OS=0.01 eccentric, not
correctable (i.e. the vision acuity cannot be corrected
with glasses).

The intraocular pressure upon palpation is “+”. The
eyelids show no signs of abnormalities, the eyelash
growth pattern is correct. The conjunctiva is pale-pink,
mild superficial injection is found along with the filtering
bleb above the left limbus and with cystous changes.
The surface of the cornea is rough, insignificant swelling
of the epithelium, stromal cloudiness and folded
Descemet membrane. The underlying structures are
hazed. The anterior chamber is of medium depth, the
aqueous humour of the anterior chamber is transparent.
The iris pattern is smoothened, basal coloboma was
found at the 12 o’clock position. The pupil has a correct
shape, the photoreaction is weakened. The eye lens
was visualized as transparent. The fundus reflex is
weakened. The vitreous body and the structures of the
fundus are not accessible for ophthalmoscopy due to
the status of the cornea (Fig. 1).

Recommendations on discharge. On 03.05.2023,
the patient was discharged with the recommendations
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Fig. 1. Status of the eye after laser cyclophotocoagulation (before the conduction of the penetrating keratoplasty):
a — appearance x3; b — appearance x16. The arrow indicates the swelling of the cornea with cloudiness in the stroma).

of following the hypotensive mode: Dorzolamide
2% twice daily, Timolol 0.5% once daily, Brimonidin
0.15% 3 times daily, Proxodolol 1% + Clonidine 0.25%
twice daily, Latanoprost 0.005% once daily. Additional
prescriptions included the anti-inflammatory, the
antibacterial and the epithelization therapy: Bromfenac
0.09% eye drops once daily, Ciprofloxacin 0.3% +
Dexamethasone 0.1% eye drops 3 times daily,
Dexpanthenol 5% gel 3 times daily, intramuscular
administrations of Ketorolak 30 mg once daily.
21.07.2023 — ophthalmology status (OS):
VisOS=0.01, not correctable. Intraocular pressure —
15 mm.Hg. Critical flicker fusion rate — 30 Hz. The
general eye status is stable. The conjunctiva is pale-
pink, no signs of discharge were found. The status of
the anterior and posterior segments of the eyeball
corresponds to the ophthalmology status of 30.04.2023.

Penetrating keratoplasty

Diagnosis. 0OS: endothelial-epithelial  corneal
dystrophy, repeatedly operated juvenile grade llIA
glaucoma. OD: mild myopia.

Surgical treatment. On 01.11.2023, the patient was
again hospitalized to the Ophthalmology Department
No. 60 of the DEOA MCOC MBMSCC.

Surgery was conducted in the left eye: penetrating
keratoplasty (diameter of the transplant — 8.5 mm,
fixation with interrupted sutures).

Medlcation treatment. At the In-Patient Department,
anti-inflammatory, antibacterial and epithelization
therapy was prescribed: Bromfenac 0.09% drops once
daily, Ciprofloxacin 0.3%+ Dexamethasone 0.1% drops
3 times daily, Phenylephrine 5.0% drops + Tropicamide
0.8% 3 times daily, Dexpanthenol 5% gel 3 times daily,
intramuscular Ketorolak at a dosage of 30 mg once
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daily, intravenous Dexamethasone at a dosage of 8 mg
once daily, oral Omeprazol — 20 mg once daily.
Ophthalmology status. Upon the examination
on 02.11.2023, the patient has no complaints,
subjectively reporting the improvement of the status.
Ophthalmology status of the left eye: Vis 0S=0.05,
not correctable. Intraocular pressure 17 mm.Hg.
The eyelids are unremarkable, capable of complete
shutting, the eyelash growth pattern is correct. On
palpation, the eyeball is painless. The conjunctiva
and the sclera are pale-pink, above the upper limbus,
there is a cystically changed filtering bleb. The cornea
status is the following: the surface is smooth, glossy,
the penetrating transplant is transparent, adapted, the
interrupted sutures are clean and competent, single
folds were found in the Descemet membrane. The
anterior chamber is of medium depth, the aqueous
humour of the anterior chamber is transparent. The iris
has no changes in its color, the pattern is smoothened,
at the 12 o’clock position, a basal coloboma was
detected. The pupil: the shape is correct, active
photoreaction is present. The eye lens is transparent.
The fundus reflex is pink. The vitreous body contains
floating cloudiness. The ocular fundus: the optic nerve
disc is pale with a gray shade, the margins are clear,
excavation 0.9, the vascular bundle is dislocated
towards the nose, the macular area and the peripheral
area show no signs of gross changes (Fig. 2).
Recommendations on discharge. On 03.11.2023, the
patient was discharged for further dynamic follow-up
by the ophthalmologist at the place of residence. The
hypotensive regimen was corrected, the prescriptions
included Dorzolamide 2% + Timolol 0.5% twice
daily, Proxodolol 1% + Clonidine 0.25% twice daily.
Additional prescriptions: Bromfenac 0.09% eye drops
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Fig. 2. Status of the eye after penetrating keratoplasty:
postoperative day 1.

once daily, Phenylephrine 5.0% + Tropicamide 0.8%
eye drops 3 times daily, Dexpanthenol 5% gel 3 times
daily, Ciprofloxacin 0.3% + Dexamethasone 0.1% eye
drops 3 times daily.

Outcome and results of further follow-up

On 22.01.2024, the patient had no complaints, the
general status was satisfactory. Ophthalmology status
of the left eye: Vis 0S=0.16 with a 1.5 mm diaphragm,
not correctable. Intraocular pressure — 17 mm.Hg. The
eyelids show no signs of abnormalities, the eyelash
growth pattern is correct. The conjunctiva is pale-pink,
the filtering bleb was detected under the upper limbus,
cystous changes were also found. The surface of the
cornea is smooth and glossy, the penetrating transplant
is transparent, adapted, and the interrupted sutures
are clean and competent. The anterior chamber is of
medium depth, the aqueous humour of the anterior
chamber is transparent. The iris pattern is smoothened,
the basal coloboma was found at the 12 o’clock
position. The pupil has a correct shape, active
photoreaction is present. The eye lens is transparent.
The fundus reflex is pink. The vitreous body contains
floating cloudiness. The ocular fundus: the optic nerve
disc is pale with a gray shade, with clear margins,
showing an excavation of 0.9, the vascular bundle is
dislocated towards the nose, the macular area and the
periphery show no signs of gross changes (Fig. 3).

At the moment of compiling the clinical case
(May of 2024), Vis 0S=0.2 with a diaphragm of 1.5 mm,
not correctable. The intraocular pressure is 16 mm.Hg.
The eye status is stable, no signs of discharge were
found. The transplant is transparent, adapted, the
sutures are clean and competent. The status of the
anterior and posterior segments of the eye corresponds
to the ophthalmology status of 22.01.2024.
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Prognosis

As a result of conducted treatment (transscleral
diode laser cyclophotocoagulation with further
penetrating corneal transplantation) and dynamic
follow-up within one year, the patient was diagnosed
with an improvement of the vision acuity with correct
light projection of up to 0.2 with a critical flicker fusion
frequency of 30 Hz, which allows for supposing the
favorable prognosis in terms of further improvement
of the visual functions.

DISCUSSION

Uninterrupted transscleral diode laser
cyclophotocoagulation is an effective method of
stabilizing the ophthalmotonus in cases of insufficiency
of surgical treatment in patients with refractory
glaucoma [3, 4]. This type of surgical intervention,
despite the high risk of developing complications
(hemorrhagic, hypotension, cataracts, subatrophies
of the eyeball), shows higher hypotensive effect
comparing to the micro-impulse transscleral diode
laser cyclophotocoagulation, which is why it is the
method of choice in cases of repeatedly operated
refractory glaucoma [7].

For the transparent survival of the keratotransplant,
the normalization of the intraocular pressure is
necessary [8]. An additional factor of corneal transplant
survival is the absence of burn-induced reaction.
Due to the fact that the applications of uninterrupted
transscleral diode laser cyclophotocoagulation were

Fig. 3. Status of the eye after penetrating keratoplasty:
follow-up month 3.
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applied distantly from the limbus zone, it can be
judged that there was no significant damage of the
cell growth zone, affecting further survival of the
keratotransplant [9]. Within this context, there was no
massive immune response observed, which provides
adequate survival of the keratotransplant [10].

Taking into consideration all of the above, it
can be supposed that transscleral diode laser
cyclophotocoagulation can be carried out for
decreasing the intraocular pressure in cases of
repeatedly operated refractory glaucoma before the
conduction of penetrating keratoplasty without the
increased risk of developing the transplant disease [1].

As of today, the published clinical cases of such
kind are few, however, the ones available demonstrate
that transscleral diode laser cyclophotocoagulation
allows for preserving the achieved vision acuity, the
degree of keratotransplant transparency and for
minimizing the required intake of hypotensive medications
(duration of follow-up — up to 2 years) [3, 5]

CONCLUSION

This clinical case demonstrates the efficiency of
using transscleral diode laser cyclophotocoagulation
in a patient with uncompensated glaucoma as
a preparation phase for conducting the penetrating
keratoplasty. However, a single case is not enough to
make convincing conclusion on high efficiency of this
procedure in this category of patients, which, indeed,
requires the conduction of additional research.
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CASE REPORT

Implantation of an Additional Intraocular Lens for Keratoconus
in a Pseudophakic Eye

A.D. Chuproyv, V.L. Kim, l.A. Stolyar
The S. Fyodorov Eye Microsurgery Federal State Institution, Orenburg branch, Orenburg, Russia

ABSTRACT

BACKGROUND: In the accessible literature sources, there is insufficient information on the correction of
refraction abnormalities in cases of keratoconus, due to which exploring the modern approaches in the
implantation of additional intraocular lenses, including the choice of indications, the surgical technique
and the post-operative follow-up, gains major importance for managing the patients with this disease.
CLINICAL CASE DESCRIPTION: The patient G., aged 42 years, presented with the complaints of
decreased visual acuity in the left eye. Past medical history of progressing decreased visual acuity in both
eyes from 2018, the diagnosis set was the following: “Right eye (OD): keratoconus stage I, left eye (OS):
keratoconus stage II”. In 2018, the implantation of intrastromal corneal ring segments in both eyes was
conducted, in 2019 — refractive lensectomy with the implantation of the AcrySof IQ Toric SN6AT8
intraocular lens (Alcon, USA) in both eyes. The examination results in the OS upon presenting were the
following: non-corrected visual acuity 0.05, maximum corrected visual acuity 0.5; autorefractometry:
sph +2.25 D; cyl -9.50 D ax 81°; intraocular pressure — 17 mm.Hg. For correcting the refractive error that
is preventing from achieving the high visual acuity (far vision), the implantation of additional intraocular
lenses was carried out (Sulcofix Toric Care group, India). The results of examining the OS during the first
24 hours after surgery were the following: non-corrected visual acuity of the OS 0.8; autorefractometry:
sph -0.25 D; cyl -14.50 D ax 81°; intraocular pressure — 17 mm.Hg. CONCLUSION: The implantation of
additional Sulcofix Toric intraocular lenses have demonstrated its efficiency in correcting the refractive
error in the pseudophakic eye with keratoconus, however, due to the irreqular astigmatism characteristic
for keratoconus, the residual defect can still persist.

Keywords: additional intraocular lenses; IOL; pseudophakia; keratoconus; residual ametropia; additional
correction; clinical case.
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List of abbreviations

IOL — intraocular lens Cyl (cylinder) — optical power of the cylinder
MCVA — maximum corrected visual acuity K1 and K2 — keratometry values in the anterior part
NCVS — non-corrected visual acuity of the cornea: K1 — flat, K2 — steep
Ax (axis) — the axis of the cylinder measured | OD (oculus dexter) — right eye
in degrees (from 0 to 180) OS (oculus sinister) — left eye
Cornea back — posterior surface of the cornea Sph (sphere) — value of the optic power of the lens,
Cornea front — anterior surface of the cornea expressed in diopters (dioptria, D)
BACKGROUND disease of the cornea, which is characterized by its thinning

The topicality of the research devoted to the and bulging into the central and/or the paracentral areas,
implantation of the additional intraocular lens (alOL) for  which leads to the development of irregular astigmatism,
keratoconus is resulting from several key factors. First decreased visual acuity and significant aggravation
of all, keratoconus represents a progressing dystrophic  of the quality of life among the patients [1].
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KJIMHUYECKUIA CNTYYAN

MmnnaHtauma 406aBOYHON NHTPAOKYNAPHOM JINH3bI
npu KepaTtoKkoHyce Ha apTudpaknyHom rnasy

A.A. Yynpos, B.J1. Kum, U.A. Ctonsip
HaunoHanbHbI MEAVNLMHCKUIA NCCNEQO0BATENbCKUN LEHTP «MeXXoTpacneBon Hay4YHO-TEXHUYECKNIA KOMIIEKC
«Mukpoxupyprus rnasa» umeHn akagemvika C.H. ®egoposa», OpeHbyprekuii dovnvan, OpeHbypr, Poccust

AHHOTALNA

O6ocHoBaHue. B [OCTyrnHbIX MCTOYHVKAX JIMTEPATypPbl HE4OCTATOYHO MHGOPMAaLMM M0 KOPPEKUMM aHOMa-
T pepakymn rnpu KepaToKoHyCe, B CBSI3U C YEM U3YHEHUE COBPEMEHHbIX MOAXOA0B K UMIiIaHTaumm
L[06aBOYHbIX HTPAOKYSPHBIX JINH3, BK/IKOYasi BbIOOP MoKa3aHui, TEXHVKY ornepawum v rnoctornepaymoHHoe
HabnoneHne, UIMEET BaXXHOe 3HaqYeHne. OnucaHne KnnHn4deckoro ciaydyas. lNayveHt 7, 42 roga, o6patui-
Cs1 ¢ Xasobamu Ha CHPKEHVE 3peHVsT Ha 1IeBOM rna3y. B aHamHe3e ¢ 2018 roga nporpeccupyroLyee CHKe-
HMe OCTPOThI 3pEHUST Ha oba r1a3a, BbicTaB/ieH aarHo3: «[pasbii a3 (OD): kepaTokoHyc | cTagum, neBbii
rna3 (OS): kepaTokoHyc Il ctaguus». B 2018 rogy nposeneHa uMriaHTaLmsi MHTPacTPOMAasIbHbIX POrOBUYHbBIX
cerMeHToB Ha oba rma3sa, B 2019 rogy — pepakumoHHasi IEHCOKTOMUST C UMIIaHTauner MHTPaoKYJIsp-
HOWV JIH3bI Ha oba rnasa. Pesynstatel obcnegoBaHns OS ripy 0bpalLeHnn; HEKOPPUYpPOBaHHash OCTpoTa
3peHus 0,05, MakcumMasibHO KoppurpoBaHHasi ocTpoTta 3peHus 0,5; aBTropegppakTomeTpus: sph +2,25 D;
cyl -9,50 D ax 81°; BHyTpUrnasHoe fasneHvie 17 MM PT.CT. [151 KOppeKyuy aHoManmy pegpaxkLmm, npensiT-
CTBYIOLLEV [OCTUXXEHUIO BbICOKOM OCTPOTbI 3PEHMS BAaslb, BbINO/HEHA UMIIaHTaLms J06aBOYHbIX MHTPa-
OKY/IsIPHbIX JINH3. Pe3ynstatel obcneqoBaHmns OS B riepBbie CyTKM MOC/1e ornepaunmn; HeKOpPUrupoBaHHast
octporta 3peHusi OS 0,8; asTopepaxkTometpusi: sph -0,25 D; cyl -14,50 D ax 81° BHyTpurnasHoe [assie-
Hye 17 MM pT.CT. 3aknrodeHune. VimMnnaHTaums 406aBOYHbIX MHTPAOKY/ISPHBIX JIMH3 NPOAEMOHCTPYPOBaia
CBOI 9(hDEKTUBHOCTb B KOPPEKLUMU aHOMas i peppakumm Ha apTughakudHOM a3y C KepaTOKOHYCOM,
OfJHaKO U3-3a HEPErY/IPHOIro acTUrMaTuama, XapakTepHOro /18 KepaToOKOHYca, OCTaTo4qYHbIN AepeKT BCE
JK€ MOXXET COXPaHSITHCS.

KnroueBbie cnoBa: J06aBOYHbIE MHTPAOKYAsAPHbIe H3bI; VIOJT; apTughakusi; KepaTOKOHYC; OCTaTto4YHasl
ameTponusi; JOKOPPEKLMS; KIMHUYECKUI ClTyHai.

Ans yntupoBaHus:

Yynpos A.L., Kum B.J1., Ctonsip W.A. ViMnnaHTaums [o6aBoYHOM UHTPAOKYNSIPHOW JIMH3b! MPY KEPATOKOHYCe
Ha apTudakm4yHom masy. KnvHnyeckas npaktvka. 2025;16(2):119-126. doi: 10.17816/clinpract677794
EDN: EVYMUF

MocTtynuna 27.03.2025 MpuHsTa 28.06.2025 Ony6nnkosaHa online 08.07.2025

The occurrence rates of keratoconus in European
population ranges from 5 to 23 cases per 100 000 residents
with the mean worldwide rate of 54 per 100 000 [2].
The disease affects the representatives of all the
ethnicities and both genders. Usually, the symptoms
of keratoconus start to manifest in the adolescence
years. Higher rate of occurrence is observed among
the Asian-looking individuals [3]. The early research has
revealed that the disease is more commonly observed
in women — 52.9% as compared to 47.1% in men [2].
During the last two decades, a growth is reported in the
number of registered cases, which can be explained
by the improvement of diagnostic methods and by the
increased detectability of the early disease stages.

Traditional methods of optic correction for
keratoconus, such as glasses and contact lenses, often

120

become ineffective at the later stages of the disease.
The progressing irregular astigmatism results in the
discomfort, the intolerability of lenses and unstable
refraction. The surgical treatment methods [4, 5],
including the corneal crosslinking, the implantation
of intrastromal corneal ring segments and various
keratoplasty variants, do not always provide sufficient
correction of ametropy [6-8].

Taking into consideration that the percentage
of young men among the keratoconus patients is
sufficiently high, special topicality gains the achieving
the good visual function and preserving the vision
quality in the long-term perspective. The implantation
of alOL in the settings of correct selection of the optic
power and thorough assessment of the status of the
cornea, of the depth of the anterior chamber and of the
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keratoconus progression level can significantly improve
the quality of life for the patients, with improving
their social adaptation and professional relevance.
For the success of such surgeries, it is necessary to
follow the specific criteria, in particular, the stability of
keratoconus within not less than a year along with the
presence of transparent cornea at the optic zone [7].

In the accessible literature sources, there is
insufficient information on the correction of refraction
abnormalities in cases of keratoconus, due to which
exploring the modern approaches in the implantation
of alOL, including the choice of indications,
the surgical technique and the post-operative
follow-up, gains major importance for managing
the patients [9-11]. The analysis of clinical results
after such interventions allows for evaluating their
clinical efficiency, as well as for defining the remote
consequences for patients [12, 13].

In this article, describing the clinical case,
an assessment was carried out of the efficiency
of intraocular correction of ametropy using the
implantation of an additional intraocular lens in a patient
with pseudophakia and grade I-Il keratoconus.

CLINICAL CASE DESCRIPTION

Patient information

Patient G., aged 42 years, presented to the Orenburg
affiliated branch of the Federal State Autonomous
Institution «NMRC «Interdisciplinary Scientific and
Technical Complex “Eye Microsurgery” named after
the academician S.N. Fedorov» under the Ministry of
Health of the Russian Federation with the complaints
of decreased visual acuity in the left eye.

Disease history. From 2018, the patient reports the
progressing decrease of visual acuity in both eyes,
especially in the left one. The patient was diagnosed
with the following diseases: “OD — keratoconus stage |,
OS — keratoconus stage II”. In 2018, implantation of
the intrastromal corneal ring segments was done in
both eyes. For the purpose of improving the visual
acuity, according to the will of the patient, in 2019 he
underwent a lensectomy (refractive replacement of
the eye lens) with an implantation of the intraocular
lens (IOL) in both eyes, however, due to the past
history of operated keratoconus, the target refraction
was not achieved. The surgery was done using the
standard method of ultrasonic phacoemulsification of
the cataract with the implantation of IOL by means of
the EVA surgical system (DORC, The Netherlands). The
implanted intraocular lens was the AcrySof 1Q Toric
SN6AT8 +20.0 (Alcon, USA).

www.clinpractice.ru

The non-corrected visual acuity (NCVA) before
surgical intervention in the left eye was 0.05, maximum
corrected visual acuity (MCVA) — 0.2.

Autorefractometry: sph +4.5, cyl -10.25, ax 80°.
Intraocular pressure — 13 mm.Hg.

NCVA after surgery in the left eye was 0.05,
MCVA — 0.5.

Autorefractometry: OS — sph +1.5; cyl -9.5 ax 86°.
Intraocular pressure — 17 mm.Hg.

laboratory and instrumental diagnostics
The patient underwent a standard ophthalmology
examination, including the pre- and postoperative

visometry, namely the following: NCVA and
MCVA, refractometry, ophthalmometry, perimetry,
keratopachymetry, tonometry, biomicroscopy,

gonioscopy, ophthalmoscopy, endothelial microscopy,
optic biometry and corneal topography. The
measurements of NCVA and MCVA were carried out
using the CV-3000 phoropter with ACP5 chart panel
manufactured by Topcon (Japan). The analysis of the
anterior and the posterior elevation of the cornea,
as well as the measurements of corneal thickness
and the depth of the anterior chamber (ACD) were
conducted using the Scheimpflug-topography device
from Pentacam (Germany). The endothelial microscopy
was performed using the TOMEY EM-3000 contacted
and non-contacted endothelial microscope (Tomey,
Japan), while the optical coherent tomography was
done by means of using the Optovue SOLIX device
(Optovue, USA).

NCVA — 0.05; MCVA — 0.5. Autorefractometry
results: OS (sph +2.25 D; cyl -9.50 D ax 81°); intraocular
pressure 17 mm.Hg.

Provisional diagnosis

Bases on the examination results, the diagnosis
set was the following: “H16.8 OS Keratoconus. Status
post implantation of the intrastromal corneal ring
segments. Induced mixed astigmatism. Pseudophakia.
Amblyopia of medium degree of severity. H16.8 OD
Keratoconus. Status post implantation of the
intrastromal corneal ring segments. Induced mixed
astigmatism. Pseudophakia”.

Treatment

In order to correct the refractive error preventing
from achieving the high visual acuity (far vision), an
implantation of the alOL Sulcofix Toric was carried out
(sph — 3.0 D, cyl +6.0 D) (Care Group, India).
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The surgical access was gained by means of
the main corneal tunnel incision with a diameter
of 22 mm at the 3 o’clock position and via the
two auxiliary corneal incisions with a diameter of
1.2 mm at the 1 and 7 o’clock positions. The anterior
chamber was refilled with viscoelastic media —
the 2% solution of hypromellose (Appavisc, India).
The completion of surgery included the bimanual
removal of the remaining viscoelastic gel and the
hydration of the corneal incisions. The surgery was
conducted using the EVA surgical system (DORC,
The Netherlands).

Follow-up and outcomes

The assessment and examination conducted
during the first 24 hours after surgery, have
demonstrated the transparent smooth cornea, the
presence of intrastromal corneal ring segments,
the hermetically sealed corneal incisions, the
deep anterior chamber, the unremarkable iris, as
well as the correct position of the alOL and of the
posterior chamber IOL. The vitreous body and
the ocular fundus show no signs of abnormalities.
NCVA OS 0.8 n.c.

OCULUS - PENTACAM

1 Large Color Map

CASE REPORT

Autorefractometry results: OS (sph -0.25 D;
cyl -14.50 D ax 81°). Intraocular pressure — 17 mm.Hg.

Keratometry findings (Pentacam, Germany) OS.
Cornea front (anterior surface of the cornea): K1 36.4 D,
ax 82°; K2 46.6 D, ax 172°. Astigmatism (Astig.) 10.2 D.
Cornea back (posterior surface of the cornea):
K1 -5.3 D; K2 - 6.6 D. Astig. 1.3 D (Fig. 1).

One month after surgery, the assessment and
examination show that the cornea is transparent
and smooth; the intrastromal corneal ring segments
were clearly detected, the corneal incisions are
sealed, the anterior chamber is deep, the iris is
unremarkable, the alOL is correctly positioned,
just like the IOL in the posterior chamber. The
vitreous body and the ocular fundus show no signs
of abnormalities (Fig. 2).

NCVA in the OS was 0.5, MCVA in the OS —
0.5 cyl -2.0 D ax 100° = 0.7.

Autorefractometry results. OS: sph -0.25 D;
cyl -2.0 D ax 100°. Intraocular pressure — 19 mm.Hg.

Keratometry findings (Pentacam, Germany) OS.
Cornea front: K1 38.6 D, ax 87° K2 45.1 D, ax 177°.
Astig. 6.5 D. Cornea back: K1 -5.5 D; K2 -6.4 D. Astig.
0.8 D (Fig. 3).
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Fig. 1. Keratotopography image of the left eye before surgical intervention.
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Definitive diagnosis

The following clinical diagnosis was set to the patient:
“H16.8 OS Keratoconus. Status post implantation of
the intrastromal corneal ring segments. Induced mixed
astigmatism. Pseudophakia. Amblyopia of medium
degree of severity. H16.8 OD Keratoconus. Status post
implantation of the intrastromal corneal ring segments.
Induced mixed astigmatism. Pseudophakia”.

Prognosis

The achieved results indicate the favorable
outcome: preserved transparency of the optical
media, physiological values of intraocular pressure
(17-19 mm.Hg.), as well as stable refraction, allowing to
consider the combined approach with the using toral
alOL an effective solution for correcting the severe
astigmatism in patients with keratoconus after previous
surgical interventions. Such a combination of methods
increases the chances of stabilizing the visual functions
and of improving the quality of life.

Despite the positive effect, taking into consideration
the potential progression of keratoconus, regular
topography and clinical monitoring is necessary,
especially in the relatively early post-surgery period.

OCULUS - PENTACAM

1 Large Color Map

Fig. 2. Optical coherent tomography of the left eye after
surgical intervention: a — intrastromal corneal ring
segment; b — the posterior chamber shows the presence
of an additional intraocular lens and of the posterior
chamber intraocular lens.

DISCUSSION

The results obtained during the present research
indicate that the implantation of alOL can be effectively
and safely used in adult patients. In the research works
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Fig. 3. Keratotopography image of the left eye after surgical intervention.
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arranged in our country, the implantation of alOL
is also possible in children. Despite the fact that the
demonstrated technology has still not gained wide
spreading in our country, the data on the insignificant
loss of endothelial cells (not more than 3%), as well
as on preserving the intraocular pressure and outflow
facility values within the normal ranges in patients after
surgery are promising [11].

From the point of view of refractive efficiency,
additional implantation of non-spherical or toric 10L
allows for achieving the stable optical result for a short
time, which meets the modern requirements for cataract
surgery and for refractive procedures. The high accuracy
of calculations and the ease of performing the surgery,
as well as the specific features of the lens structure,
provide its stable fixation in the iridociliary sulcus, which
eventually provides the stability of the refractive effect
and the absence of interactions between the surfaces
of the main and the additional IOL. Such parameters are
important both for the patients with ametropy after the
phacoemulsification of the cataract and for the children
with congenital abnormalities of the eye lens, requiring
the correction of refraction [11, 14].

Thus, the results of the present research together
with the literature data show the perspectivity of using
the alOL for correcting ametropy and increasing the
vision quality after cataract phacoemulsification,
nevertheless, further accumulation of clinical
experience and arranging additional comparative
research is necessary with longer follow-up period
and more extensive patient samples. This shall allow
for better evaluation of the remote refraction stability,
the possible changes in the topography of the anterior
ocular segment, as well as to compare the efficiency of
various alOL models in various clinical settings.

CONCLUSION

The implantation of the Sulcofix Toric alOL
have demonstrated its efficiency in correcting the
refractive abnormalities in the pseudophakic eye with
keratoconus, however, due to the irregular astigmatism,
characteristic for keratoconus, the residual defect
can still persist. The substantial clinical effect is
demonstrated by the combined approach to the
treatment of keratoconus, with this, the patient requires
regular topography and clinical control for the timely
detection of possible disease progression.
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