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ORIGINAL STUDY ARTICLE

The Experience of Treating Battle Injuries of the Magistral
Arteries in the Limbs in the Settings of the Civilian
Multi-profile In-patient Hospital

S.V. Deryabin', A.V. Smirnov', R.l. Khabazov', P.Yu. Orekhov’, P.Yu. Parshin', A.R. Abasov?,
M.V. Khruslov?, A.V. Troitskiy’

1 Federal Scientific and Clinical Center for Specialized Medical Care and Medical Technologies, Moscow, Russia;

2 Medical and Sanitary Unit No. 125, Kurchatov, Russia

ABSTRACT

BACKGROUND: The modern military conflict is characterized by a significant number of wounded with
the damage of the magistral arteries in the limbs. Such an injury is accompanied by the possibility of lethal
outcome and by the high risk of limb amputation. The treatment of the injuries in the major arteries requires
high qualification of the medical staff and sufficient equipment basis. The optimal tactics for this still remains
the matter of discussion. AIM: to define the specific features of the surgical tactics in cases of injured
magistral arteries in the settings of the civilian specialized in-patient hospital in the regions adjacent to the
scene of military operations. METHODS: The analyzed data included the treatment results in 57 patients
with battle injuries of the magistral arteries in the limbs, in which we have managed to track the direct result
of restoring the arteries within not less than two days. The variety of manifestations observed in cases of
injuries was demonstrated using 8 clinical cases. The surgical tactics was defined by the degree of ischemia
in the muscles and the extent of damaging the tissues in the limb. Amputations were conducted in cases
of developing the ischemic contracture or in cases of significantly damaged limb tissues. RESULTS: The
resection of the artery with autovenous prosthetic replacement was done in 49 cases, while the circular
resection of the artery with the direct anastomosis — in 8 cases. Within the earliest post-surgery period
(first two days) due to the post-ischemic syndrome, the usage of the extracorporeal detoxication methods
was required in 5 (9%) wounded. The restoration of the peripheral circulation was observed in 56 (98.2%)
cases, the secondary amputation of the lower limb was done only in 1 (1.8%) operated patient. No fatal
outcomes were reported (0%). CONCLUSION: In the modern military conflict, the battle contact line can
be located in the direct proximity from the well-equipped civilian healthcare institutions, at the premises of
which the high-tech medical aid is accessible. Our experience shows that, in case of performing the complex
surgeries, the follow-up within the early period is practicable to be organized at the site with avoiding the
immediate evacuation. In cases of damaging the magistral artery in the limb, the main parameter affecting
the possibility of saving the limb itself, is the degree of ischemia in the muscles. The irreversible ischemia
is often hard to define and the development of the ischemic contracture should be taken as the guidance.
The time of injury, the absence of pulse, of the active movements or sensitivity cannot serve as an indication
for amputation. The algorithm developed by us has shown its high efficiency.

Keywords: acute ischemia of the limb; injuries of magistral arteries; battle injury; limb amputation;
prosthetic replacement of the vessel.
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BACKGROUND unique types of wounds differing from all the ones

The modern armed conflict has a number of specific
features, which significantly affect the type of limb
injuries and the medical aid needed by the wounded
and the injured. New types of armament with special
characteristics of the damaging elements specify the
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described during the previous armed conflicts, with
this, the battle contact line can be located at the direct
proximity from the well-equipped large-scale civilian
healthcare institutions, in which it is possible to provide
the specialized and the high-tech medical aid. The

The article can be used under the CC BY-NC-ND 4 license www.clinpractice.ru 7

2025

Tom 16 v-3


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/clinpract691838
https://elibrary.ru/lzexub

OPUTUHAJIbHOE NCC/TTIEAOBAHUE

OnbIT NeyeHns 60eBbiX paHeHNI1 MarncTpanbHbIX
apTepun KOHeYHOCTeln B YCIOBUAX rpa<gaHCKoro
MHoronpo¢dunbHOro craljuoHapa

C.B. OepsibuH', A.B. CmupHos', P.1. Xa6asos’, IN.10. Opexos’, IN.10. MapwuH', A.P. AGacos’,

M.B. Xpycnos?, A.B. Tpounukuii'!

1 depepasibHblii HAYHYHO-KVHUHECKNN LIEHTP CreunanmanpoBaHHbIX BUAOB MEAVLIMHCKON MOMOLL U MEAULMHCKNX TEXHOMOMW,
Mocksa, Poccus;

2 Meguko-caHuTapHas Yactb Ne 125, Kypyatos, Poccust

AHHOTALINA

O6ocHoBaHue. COBPEMEHHbIN BOEHHbIN KOHMIVIKT XapaKTepU3yeTCsl 3HaYNTE/bHBLIM YUNC/IOM PaHEHbIX
C MOBPEX[EHNSIMU MarncTpasibHbIX apTePUi KOHEYHOCTH. Takasl TpaBMa COMpPOBOXXAAeTCs BO3MOX-
HOCTbIO JIETA/ILHOMO MCX04a M BbICOKUM PUCKOM aMryTauuy KOHEYHOCTU. JledeHne paHeHun KpyrHbIX
apTepuii TpebyeT BbICOKOV KBa/Mukaymy MeQuUMHCKOro rnepcoHasaa v [OoCTaTOYHOM OCHaLEHHO-
ctn. OnTumasnbHas TaKTyka rnpy 3TOM 4O CUX Mop OCTaéTcs npeameToMm auckyccui. Ljenb — onpege-
JIMTb OCOBEHHOCTY XVPYPru4eCKON TakTUKU Py MOBPEXAEHNSIX MarncTpasbHbIX apTepuii B YCI0BUSIX
rpaXkgaHCKoro creunaan3npoBaHHOro craymoHapa B pavioHe BOM3U rpoBedeHus 60eBbiX AEeNCTBUI.
Mertogpasl. [NpoaHan3npoBaHbl pe3ynbTaTtbl J1e4eHUss 57 nayneHToB ¢ 60eBbIMY PaHEHUSIMU MarncTpasib-
HbIX apTepuii KOHEYHOCTEH, ¥ KOTOPbIX yAa/l0Ck OTCAEANT HENOCPEACTBEHHbIN Pe3y/ibTaT BOCCTaHOB/Ie-
HUYST apTEPU B TEHEHNE HE MeHee ABYX CyTOK. MHoroobpasve nposiBneHni paHeHui npogeMoHCTPUPO-
BaHO Ha 8 KJIIMHNYECKUX rpumMepax. Xvupypruyeckyto TakKTUKY Onpeaessi/iv CTENeHb NWLEMMNU MbILLL N Mac-
CUBHOCTb [OPaXXEHUSI TKAHEN KOHEYHOCTU. AMITyTaLmy BbINOIHSIN NPy (hOPMUPOBaHNN NLLEMUNYECKOM
KOHTPaKTypbl 0O rpu 3HAYUTESIbHbIX TOPAXKEHVSIX TKaHV KOHEYHOCTHY. Pe3ynbratsl. Pe3ekyvsi aptepum
C ayTOBEHO3HbIM MPOTE3NPOBAHNEM BbINOIHEHA B 49 Crlyqasix, UMPKY/IsSpHas Pe3eKuymsi apTepuy C rpsi-
MbIM aHacToMo3oM — B 8. B brxaviLuem rocaeonepaLmoHHOM nepvoge (nepsbie 4BOe CyTOK) B CBS3U
C MOCTULLEMNYECKUM CUHAPOMOM MPUMEHEHNE METOLOB SKCTPAaKOoPIopaibHOM AeTOKCUKaLmMmM noTpebo-
Basiock 5 (9%) paHeHbIM. BoccTaHOBIEHWE NEPUEHEPNHECKOro KPOBOTOKa OTMeYeHO B 56 (98,2%) ciyya-
51X, BTOPUYHas aMriyTaymsi HYDKHEN KOHEYHOCTY BbirosiHeHa Tobko 1 (1,8%) npoonepupoBaHHOMY naym-
eHTy. JletanbHOCTM He 6b110 (0%). akntodeHne. B coBpeMeHHOM BOEHHOM KOHYIUKTE JIMHUS 60EBOIro
COMPUKOCHOBEHUST MOXXET HaxO[UTLCS B HEMOCPELCTBEHHOU 6IM30CTU OT XOPOLLO YKOMIM/IEKTOBaHHbIX
rpaXxgaHCKuX y4pexxaeHnii 34paBooxpaHeHns], Ha 6a3e KOTOPbIX BO3MOXKHA BbICOKOTEXHO/IOMMYHas! Me-
AVUVHCKasi MOMOLLb. Hall orbIT MoKasbIBaeT, YTO B C/lyHae BbifOJIHEHMS CIIOXKHbIX XYPYPru4ecKmx ornepa-
umi HabiogeHve 3a nauneHToM B brvkariLueM rnepuoge LesaecoobpasHo opraHn30BaThk Ha MECTe U BO3-
[epXxaTbCsi OT HemMenieHHow aBakyaLun. [py TpaBMe MarvcTpasibHOM apTepuin KOHEYHOCTY OCHOBHbLIM
rnapameTpoM, BNSIOLNM Ha BOSMOXKHOCTb COXPaHEHUSI CaMOV KOHEYHOCTY, SIBISIETCS CTENeHb ULLEMUN
MbiLLL. HeobpaTtumyto nwemmo 3a4acTyro ONpPeaennTb 3aTpyaHUTEIbHO 1 OPUEHTUPOBATLCS C/IEAYeT Ha
opmUpoBaHNe NLLIEMUHECKON KOHTPAKTYpPbl. Bpemsi nosy4eHusi paHeHusi, OTCYTCTBUE My/ibCa, aKTuB-
HbIX ABUXEHWI 1 YYBCTBUTEIbHOCTY HE MOIYT CYXUTh roKasaHneM K amrytauymy. Pa3paboTaHHbIA HamMy
asIropuUTM rokasasl BbICOKYH 3(hGDEKTUBHOCTb.

KnrodeBble cnoBa: ocTpasi ULLIEeMUsT KOHEYHOCTY, PaHeHne MarvcTpasbHbIX apTepuli; 6oeBasi TpaBMa;
amryTaymsi KOHe4YHOCTY; MPOTe3npoBaH1e cocyaa.
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majority of available publications on the battle-field
surgery is devoted to the operations of the military
hospitals of various levels, while the experience of the
civilian institutions re-profiled for providing the medical
aid to the servicemen, is practically not disclosed, while
the developed Methodical Guidelines on the battle-field
surgery do not take into account the specific features
of the civilian multi-profile in-patient hospital [1, 2].

The institutions within the system of the Federal
Medical-Biological Agency of the Russian Federation
(FMBA of Russia), located near the areas of military
operations, provide the aid to the wounded and injured
from the first day of the conflict. The reinforcement of
the local medical teams has resulted in the formation
of the joint team of the FMBA of Russia, consisting of
the highly qualified vascular surgery specialists of
the Federal State Budgetary Institution “Federal
Scientific and Clinical Center for Specialized Types
of Medical Care and Medical Technologies under
the Federal Medical-Biological Agency” (FSBI FSCC
FMBA of Russia).

The trauma of the major vessels in the limbs
is oftentimes the most critical injury and it is
accompanied by not only the risk of amputation, but
also by the possibility of lethal outcome [3, 4], due to
which, the main tasks of the vascular surgeons are
saving the life and salvaging the limb. Conducting the
vascular reconstruction in cases of irreversible limb
ischemia can further lead to the rhabdomyolysis and to
the acute renal failure. The key prognostic parameter
which should be used as the guidance when selecting
the surgical tactics is the degree of muscle ischemia
on admission and the predicted worsening of the
ischemic burden, however, the objective evaluation of
this parameter often presents serious difficulties.

Research aim — to define the specific features
of the surgical tactics in cases of damaged magistral
arteries of the limbs in the settings of the civilian
specialized in-patient hospital operating in the area
located near the field of military operations.

METHODS

Research design

This was a retrospective observational research of
the hospital cases of treating the battle injuries of the
magistral arteries in the limbs at the premises of the
civilian re-profiled in-patient hospital.

Conformity criteria
Inclusion criteria: patients with battle trauma,
admitted to the in-patient unit, which were diagnosed

and operated due to the damage of the magistral
arteries of the limbs along with tracking the direct result
within not less than two days from the moment of the
surgical intervention.

Non-inclusion criteria: the presence of the leading
(dominating) combined trauma in other areas.

Medical procedure description

The patients were admitted both as the result
of arranged evacuation after having received the
medical aid provided by the front-line medical
groups and directly after being injured and after
being evacuated with the aid of the volunteers. On
admission to the in-patient hospital, at the level of
the admission department each patient was quickly
examined by the multidisciplinary team of specialists
consisting of the vascular surgeon, the trauma
specialist, the neurosurgery specialist and other
specialists depending on the type of wounds. In
cases of detecting the signs of on-going hemorrhages
and impaired vital functions (consciousness,
hemodynamics, respiration) or in case of detecting
the triad of death (hypothermia, acidosis and
coagulopathy), the intensive therapy headed by the
anesthesiologist-intensivist was initiated at once at
the admission ward and the patient was immediately
transported to the operation room.

Methods for registration of outcomes

If the status of the patient was applicable, at the level
of the admission department, diagnostic procedures
were arranged, combined with the basic laboratory
and instrumental examinations. If necessary, the
duplex ultrasound scanning (DUS) of the vessels was
done along with the computed tomography (including
the contrasting). The DUS was also performed
intra-operatively.

In cases of damaged major vessels of the limbs,
the clinical examination included the determination
of the degree of limb ischemia based on the
modified classification by V.A. Kornilov (table 1)
and on the classification by I.I. Zatevakhin [2]. The
following parameters were evaluated: sensitivity,
active and passive motions, presence of pulse
in the peripheral arteries and the data from the
instrumental methods of examination. The surgical
tactics was determined on an individual basis
and based on the Methodical Guidelines on the
battle-field surgery from the Main Military Medical
Directorate under the Ministry of Defense of Russia
(see table 1).
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Table 1

The classification of acute limb ischemia in cases of wounds*

Main clinical signs Doppler signal
I?egree_ : : Prognosis Surgery tactics
ofischemia  gensitivity Active  Passive 4o a1 Venous
motions motions
Compensated No indications for
(due to the N N N N N No risk of emergency restoration
presence of gangrene of the artery; the ligation
collateral vessels) of the vessel is safe
The limb Emergency prosthetic
necrotizes replacement or
3 Early +/- +/- + +/- + within the | restoration of the artery is
] nearest indicated, along with the
% 6-8 hours preventive fasciotomy
g Critical Emergency temporary
8 (with the Direct prosthetic replacement
& | duration ) ) ) ) . threat to of the artery is indicated,
Z | of more the viability = along with the therapeutic
than of the limb | fasciotomy, if possible —
6 hours) plasmapheresis
Indications for arranging
. . the amputation, for the
Irreversible Salvaging
. . 2 attempts to restore the
(ischemic - - - - - the limb is .
. : artery can result in
contracture) impossible

Note. * — cited as per [2].

In case of irreversible ischemia or significant
destruction of the limb tissues, the primary amputation
was done. In cases of the compensated and the
uncompensated ischemia, vascular reconstructive
interventions were arranged. The damaged area of
the arterial vessel was resected, depending on its
length with forming the direct anastomosis or with
conducting the autovenous prosthetic replacement
with the reversed segment of the great saphenous vein
(vena saphena magna) or using the basilic vein (vena
basilica). In case of detecting the damage of the major
veins, if possible, they were sutured, if not — ligated. If
necessary, the simultaneous fasciotomy was arranged
in the lower limb. The surgical technique used for the
fasciotomy was the classic semi-occlusive variant:
from 1-3 single incisions with length of 2-3 cm at
the border between the upper and the middle third
of the shin, the fascial sleeve was opened and the
Metzenbaum scissors were used to dissect the fascia
in the projection area of fascial sleeves at the distal and
the proximal directions.

Anticoagulant therapy in the standard variant
included the subcutaneous administration of
enoxaparin sodium 4000 anti-Xa U twice dalily.

10

the death of the wounded
due to the endotoxicosis

Upon the progression of the post-ischemic
syndrome, the methods of extracorporeal detoxication
were used along with the secondary amputation
of the limb.

RESULTS

Research sample (participants)

The direct treatment result was accessible for
tracking in 57 wounded.

We have followed-up the damage of the major
vessels in the limbs in 18% of the admitted wounded,
however, due to various reasons (agonal state;
significant destruction of the limb tissues; the dominant
contribution of the trauma in another area; the formation
of the ischemic contracture in the major joints etc.), the
vascular reconstruction procedures were carried out in
less than 1 out 5 of such patients. In many cases, there
was no full trackability of even the direct result due to the
evacuation to the next stage of providing the medical aid
resulting from the need to clear the bed capacity in the
settings of the continuous flow of wounded.

The type of vessel wounds directly depended
on the type of the damaging element. Only in 2% of
observations, the reconstructive vascular surgery was

https://doi.org/10.17816/clinpract691838
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done due to the bullet wounds. In the absolute majority
of cases, the cause was the mine-blast trauma, with
only 33% operated patients having the damage caused
by the primary damaging factors of the explosion
(the detonation products and the blast wave), while the
other observations were only the wounds caused by
the secondary damaging elements (shell fragments).

Primary findings

Small fragments sized up to 1 cm (in 49% of the
operated individuals), generally, were causing the
perforation of the vessels with the formation of the
restricted and pulsating hematomas, oftentimes with
preserved distal circulation. The characteristic feature
is that the small fragments were often resulting in
the so-called “mine-like” wounds with the complex
and irregularly-shaped wound channels, causing the
combined injuries of veins and arteries. The discrepancy
between the small entry hole and the vast inner damage
of the soft tissues and the bones was reported in 75%
of such wounds, which required the obligatory conduct
of ultrasonic dopplerography, and in the complex
cases — the computed tomographic angiography
with contrast enhancement (CT-angiography), with
obligatory thorough revision of the wound channel.

The medium size fragments — 1-3 cm (in 37% of
the operated individuals) — were causing the variable
damage: from the marginal defects to the complete
transverse ruptures of the vessels. The specific
feature of such wounds was the frequent combination
with the damage of the adjacent nerve trunks. Large
fragments — sized over 3 cm (14% of the operated) —
were causing the extensive damage with vast defects
of the vascular walls and with the massive tissue
destruction. Such wounds were characterized by the
formation of the vast zones of tissue contusion, by the
high risk of secondary thrombosis and by the necessity
of vast surgical processing.

The type and the number of conducted surgeries
in the patients enlisted into the research are provided
in table 2.

At the earliest post-surgery period (first two days)
the post-ischemic syndrome has caused the need
for extracorporal detoxication in 5 (9%) wounded, the
secondary amputation of the lower limb was done only
in one (1.8%) operated patient in 9 hours from the initial
surgery. No cases of lethal outcome were reported
among all the operated patients (0%).

The multiplicity of the manifestations of the
battle-inflicted trauma of the major vessels in the limbs
is better to be demonstrated by the description of
several clinical examples.

Clinical case description

Clinical example 1. To the Admission Ward,
the 32-year old patient was admitted 6 hours after
the mine-blast injury of the left shoulder. At the
pre-hospital phase, the medical team has carried out
the temporary bypassing of the brachial artery using
the sterile plastic tube.

On admission, the status of the patient was
considered stable with moderate degree of severity,
with satisfactory blood supply in the distal areas of the
limb and with the absence of signs of acute ischemia.
The patient had a tear-contused wound with the size
of 3.0x2.5 cm in the middle third of the left shoulder
with insignificant blood discharge. The observed
findings included the defect in the brachial artery with
a length of up to 4 cm, replaced with temporary shunt.
The pulsation in the peripheral arteries was preserved,
though weakened. The neurological status remained
intact: the sensitivity and the ability to move the palm
and the fingers was completely preserved. Moderate
swelling was found in the soft tissues in the damaged
area. The instrumental diagnostics included the DUS
of the vessels, on the results of which, signs of distal

Table 2

Types of surgeries

. . . . Patients
Wound location Type of surgical intervention n=57 (%)
) Resection of the artery with autovenous prosthetic replacement 16 (28)
Upper limb using the reversed segment of v. saphena magna or v. basilica
n=21, 37%
Circular resection of the artery with direct anastomosis 5(9
Resection of the artery with autovenous prosthetic replacement
: L 33 (58)
) using the reversed segment of v. saphena magna or v. basilica
Lower limb
n=36, 63% Circular resection of the artery with direct anastomosis 3 (5)
Fasciotomy 29 (51)
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hypoperfusion were found with persisting passability
in the temporary shunt. The radiology examination has
shown the presence of the radiopaque foreign body of
irregular shape with the size of 2.0x1.5 cm within the
soft tissues of the medial surface of the shoulder. No
other injuries were revealed in the patient.

In the settings of the endotracheal anesthesia,
the surgical intervention was done at the extent of
the primary wound processing, the revision of the
wound channel and the removal of the damaging
fragment. Upon the revision, it was found that there is
a segmental defect in the brachial artery with a length
of 4 cm with crushed vessel ends. Resection of the
damaged segment was done with further autovenous
prosthetic replacement using the reversed transplant
made of the great saphenous vein, extracted from the
right thigh (Fig. 1). The vascular reconstruction was
carried out using the microsurgery technique and the
suturing material was the prolene 7/0. The surgery
was completed with using the wound draining and the
layered suturing.

The postoperative period was unremarkable (no
complications). The control ultrasound examination
has confirmed the complete passability of the
reconstructed segment of the artery and the restoration
of the magistral circulation. Other findings included the
restoration of the full-fledged pulsation in the peripheral
arteries. The status of the patient was deemed stable
and he was evacuated for further treatment to the
specialized institution in the rear areas.

Later on, during the after-treatment in another
institution, his postoperative period was still
unremarkable (no complications). The control DUS
has confirmed the complete passability of the
reconstructed arterial segment with preserving the
magistral circulation.

ORIGINAL STUDY ARTICLE

This observation demonstrates the successful
application of the two-staged treatment tactics for the
major artery injury, including the temporary bypassing
at the pre-hospital phase and further autovenous
prosthetic replacement at the in-patient settings. The
timely conducted vascular reconstruction allowed to
prevent the development of ischemic complications
and to salvage the limb, which emphasizes the
importance of the continuity at the stages of providing
the medical aid.

Clinical example 2. To the admission ward,
a 28 years old patient was transported 2 hours after the
multiple fragmentation wound of the right lower limb.
The wound in the popliteal area was characterized
as the non-perforating with supposed injury of the
vascular bundle elements. The status of the patient
on admission remained stable with compensated
hemodynamic parameters and with the absence of
clinical signs of acute ischemia in the limb.

Upon the local examination, in popliteal fossa, the
visualized finding included a wound with a diameter of
2 cm with insignificant hemorrhage. The pulsation in
the peripheral arteries of the foot was detectable but
weakened. The sensitivity and the motor function in
the distal areas of the limb were completely preserved.
Moderate edema was found in the perivascular
tissues.

The results of the DUS have revealed signs of
combined injury of the popliteal artery and vein with
the formation of limited hematoma. The blood supply
in the distal areas of the limb was preserved. The
radiology examination has confirmed the presence of
the radiopaque fragment of irregular shape within the
soft tissues of the popliteal region.

In the settings of the endotracheal anesthesia,
a surgical intervention was carried out at the extent of

Fig. 1. Resection of the damaged segment. a — temporary shunting of the brachial artery (arrow); b — replacing the
defect of the brachial artery with reversed auto-vein (arrow); ¢ — removed shell fragment.
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the revision of the wound channel, the removal of the
fragment, the reconstruction of the artery and suturing
of the vein defect. Intraoperatively, the marginal defects
were found in the popliteal artery and vein with a length
of up to 1.5 cm. Further procedures included the
resection of the damaged areas of the popliteal artery
with further autovenous prosthetic replacement using
the reversed transplant made of the great saphenous
vein. The vascular reconstruction was done using the
microsurgery technique (Fig. 2).

The postoperative period was characterized by the
complete restoration of the blood supply in the limb.
The control ultrasound examination has confirmed the
passability of the reconstructed vessels. The patient
was mobilized on the next day and evacuated for
further treatment.

The specific features of this observation were the
combined injury of the popliteal artery and vein, the
optimal timings of the evacuation after the injury and the
absence of significant ischemia, which has specifically
defined the possibility of conducting the primary
vascular reconstruction with favorable prognosis in
terms of the recovery.

Clinical example 3. The patient aged 35 years
was transported to the Admission Ward 3 hours after
receiving a non-perforating bullet wound in the soft
tissues of the right shin. The status of the patient
on admission was evaluated as severe due to the
on-going hemorrhage out of the wound channel.
At the pre-hospital phase of providing the medical aid,
a tourniquet was applied above the wound location —
to the upper third of the right thigh.

On admission, the characteristic signs of
hemorrhagic shock were observed: pronounced
paleness of the skin, cold sweat, tachycardia up to

Fig. 2. Resection of the damaged areas of the popliteal
artery. a — the defect of the popliteal artery (arrow);
b — the prosthetic replacement of the popliteal artery with
reversed auto-vein (arrow).

120 bpm and arterial hypotension (80/50 mm.Hg.). The
local status was described as the presence of arterial
tourniquet at the upper third of thigh and a wound
hole with diameter of 1.5 cm in the middle third of the
shin with signs of on-going venous hemorrhage. No
pulsation was found in the peripheral arteries of the
foot due to the tourniquet applied.

An emergency ultrasound examination has
revealed the damage of the great saphenous vein with
preserved magistral arterial vessels. The radiography
has confirmed the presence of a foreign body (bullet)
within the soft tissues on the posterior surface of the
shin. The laboratory tests have shown the critical
decrease in the levels of hemoglobin — down to 78 g/I
and hematocrit — down to 24%.

During the emergency surgical intervention, an
immediate removal of the arterial tourniquet was
done with further revision of the wound channel.
Intraoperatively, a defect was found in the wall of the
great saphenous vein with a diameter 1.0 cm. The
defect was fixed by means of applying the vascular
suture with prolene 6/0 suturing material (Fig. 3).
The complete arrest of hemorrhage was achieved
immediately. For the correction of the hemorrhagic
shock, the hemotransfusion was done using 500 ml
of erythrocyte concentrate and 600 ml of fresh frozen
plasma.

The postoperative period was characterized by the
rapid stabilization of hemodynamic parameters and
by the restoration of the peripheral blood circulation
parameters. The control ultrasound examination
has confirmed the maintained passability of the
reconstructed vein.

This clinical observation decisively demonstrates
the iatrogenic complication expressed as the erroneous
application of the tourniquet above the wound
location in case of venous bleeding, which lead to the
aggravation of the blood loss and to the development
of severe hemorrhagic shock. The special complexity
was observed in the differential diagnostics of the
type of hemorrhage with the atypical trajectory of the
wound channel.

Clinical example 4. A 31-yeal old patient was
admitted to the in-patient hospital in 3 hours after
receiving a fragmentation wound in his left thigh. At
the pre-hospital phase, a tourniquet was applied at
the level of the thigh, however, its application did not
provide an adequate hemostasis. The status of the
patient on admission was considered extremely severe
due to the voluminous venous hemorrhage and due to
the developed hemorrhagic shock.
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Fig. 3. Elimination of a defect in the wall of the large saphenous vein. a — the appearance of the wound; b — suturing the
defect of the great saphenous vein; ¢ — bullet extracted from the wound.

Upon the surgical revision, the findings include
the damage of the femoral bone in the lower third
with secondary injury of the popliteal vein with bone
fragments. The removal of the tourniquet was done with
further applying the vascular suture to the damaged
area of the vein. Restoring the vessel integrity has
allowed for achieving a complete hemostasis. The
second step included the surgical processing of the
bone damage with the repositioning and fixation of
the bone fragments. The postoperative period was
characterized by the stabilization of hemodynamic
parameters and by the restoration of an adequate
venous outflow in the limb.

This observation shows the specific features of
the tactics in cases of combined injuries of the bone
tissue structures and of the major venous vessels.
It also emphasizes the importance of the staged
treatment approach, where the principal attention is
paid to restoring the vascular passability with further
stabilization of the fractured bone fragments (Fig. 4).

The clinical observations 3 and 4, though not
being directly related to the injuries of the arteries,

demonstrate the major importance of the differential
diagnostics between the arterial and the venous
hemorrhages at the pre-hospital phase, as well as
the necessity of controlling the arrest of hemorrhage
after the application of the tourniquet for the purpose
of ruling out the cases of incorrect first medical aid for
venous bleeding.

Clinical example 5. A 22-years old patient was
transported to the Admission Ward with a mine-blast
wound of the left shoulder with unknown exact timings
of the wound. Upon the initial assessment, there was
an absence of pulse in the radial artery, the absence of
active motions in the elbow and in the radiocarpal joints
with the absence of tactile sensitivity in the affected
limb, however, the passive motions in the joints were
preserved. During the intraoperative revision, the
findings included a lengthy thrombosed segment of the
brachial artery with the delamination of intima and with
signs of contusion damage and rupture of the vascular
wall. A decision was drawn up on conducting the
thrombectomy with further resection of the damaged
area of the artery. The vascular defect was replaced

Fig. 4. Restoring the vascular passability. a — the appearance of the wound in the left lower limb, tourniquet applied to
the upper third of thigh (arrow); b — the defect of the popliteal vein (arrow); ¢ — suturing the defect in the popliteal vein
(arrow).
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with the autovenous transplant made of the great
saphenous vein (Fig. 5).

After restoring the magistral circulation, the gradual
improvement was observed in the perfusion of the distal
areas of the limb. At the remote period, the complete
restoration of the limb functions was achieved.

This observation confirms the efficiency of
re-vascularisation even in case of visible signs of severe
acute ischemia. The maintained passive mobility of the
joints has served as the key prognostic sign determining
the success of the reconstructive intervention.

Clinical example 6. After a total of 8 hours after
the fragmentation wound, into the admission ward,
the patient was transported, aged 48 years and with
the isolated injury of the femoral artery, complicated
by the development of the tense hematoma and with
the clinical signs of acute uncompensated ischemia
in the limb. Upon the initial assessment, there were
characteristic signs of critical impairment of peripheral
circulation: marbling of the skin, absence of capillary
refill or distal pulse, impaired active motions and
sensitivity in the lower limb. The passive motions in the
ankle joint of the affected limb were preserved.

In the settings of the operating room, an emergency
surgical processing of the wound channel was
carried out with the revision of the damaged area.
Intraoperatively, a segmental defect of the femoral
artery was diagnosed, requiring its resection. The
restoration of the arterial continuity was achieved by
means of the autovenous prosthetic replacement
using the reversed transplant originating from the great
saphenous vein.

The specific feature of the surgical tactics was
conducting the fasciotomy aimed at preventing
the development of the compartment-syndrome
after restoring the magistral circulation. The direct
result of the intervention became the complete

re-vascularisation of the limb with restoring the pulse
at the operating table (Fig. 6).

During the postoperative period, gradual regress
of ischemic manifestations was observed with the
complete restoration of the limb functions. The control
ultrasonic examinations have confirmed the persisting
passability of the reconstructed arterial segment.

In this observation, despite the significant temporal
delay of the admission, the consecutive procedures of
surgical processing, the vascular reconstruction and
the fasciotomy has allowed for achieving the favorable
outcome. The case demonstrates the efficiency of
using the autovenous stenting in the settings of the
delayed provision of the specialized medical aid.

Clinical example 7. Four hours after the
fragmentation wound of the shoulder area, to the
in-patient hospital, the patient aged 21 years was
admitted with the combined injury of the brachial artery
and of the median nerve. Upon the initial assessment,
the findings included the preserving of the passive
mobility in the limb with the complete absence of
peripheral pulse, of the active motions or the tactile
sensitivity in the limb.

The intraoperative revision has shown a lengthy
segmental defect in the brachial artery with a length
of 4 cm along with the complete trans-section of
the median nerve at the same distance. A decision
was drawn up on conducting the simultaneous
reconstructive intervention.

At the first stage, the autovenous prosthetic
replacement of the brachial artery was done using
the reversed transplant from the v. basilica. After the
restoration of the magistral circulation, the second
stage surgery was carried out — replacing the defect
of the median nerve with the autotransplant of the sural
nerve (nervus suralis) taken from the area of the medial
malleolus.

Fig. 5. The vascular defect was replaced with the autovenous transplant. a — radiography of the left shoulder (destruction
of the humeral bone shown by the arrow); b — the defect of the brachial artery in the left shoulder (arrow); c — autovenous
prosthetic replacement of the left brachial artery.
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Fig. 6. Performing a fasciotomy. a, b — the defect of the femoral artery (arrows); ¢ — autovenous prosthetic replacement

of the femoral artery (arrow).

The postoperative period was characterized by the
gradual restoration of the peripheral circulation and by
the initial signs of re-innervation. Later on, the patient
was reporting the progressing re-gaining of the motor
and the sensory functions in the limb (Fig. 7).

This observation illustrates the possibilities of
conducting the complex reconstructive interventions
in the settings of the near-front line in-patient
hospital. The absence of ischemic contracture has
defined the possibility of arranging the simultaneous
neurovascular reconstruction. The case demonstrates
the importance of the combined approach in restoring
not only the anatomical integrity, but also the functional
substantiality of the damaged limb.

Clinical example 8. The patient aged 41 was
transported to the Admission Ward 4 hours after
receiving a fragmentation wound in his right axillary
area. The status of the patient on admission was

Fig. 7. Autovenous prosthetic replacement of the brachial
artery using the reversed transplant from the v. basilica.

considered as moderate degree of severity, however,
despite the relative stability of hemodynamic
parameters, progressing paleness was reported in the
skin along with increasing fatigue.

Upon the clinical examination, in the area of the
right axillary fossa, the visualized findings were the
tense hematoma with a diameter of approximately
8x10 cm and with pronounced pulsation. The peripheral
pulsation in the arteries of the forearm and of the palm
was not found. Other signs included the decrease in
the dermal sensitivity along the medial surface of the
shoulder and of the forearm.

The emergency computed tomographic angiography
with contrast enhancement has revealed the complete
rupture of the axillary artery at a length of 3 cm with
forming the vast pulsating hematoma.

In the settings of the operating room and under
the endotracheal anesthesia, the surgical intervention
was carried out. After opening and evacuating the
hematoma, a segmental defect of the axillary artery
was found with a length of 4 cm and with shattered
margins. Further procedures included the resection
of damaged area with further autovenous prosthetic
replacement using the reversed transplant made of the
great saphenous vein. The vascular suture was applied
using the microsurgery technique. Intraoperatively, the
restoration of the pulse in the peripheral arteries was
reported (Fig. 8).

The postoperative period was characterized by the
gradual restoration of the blood supply in the limb.
The control ultrasound examination has confirmed
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Fig. 8. The restoration of the pulse in the peripheral arteries. a — the computed tomographic angiography demonstrating the
defect in the right axillary artery with the formation of the pseudo-aneurism and the thrombosis (arrow); b — the appearance of
the wounded (the entry hole is marked with an arrow); ¢ — the defect of the axillary artery (arrow); d — the prosthetic replacement
of the axillary artery with reversed auto-vein (the autograft is marked by the arrow).

the complete passability of the reconstructed arterial
segment. Progressive restoration was reported in the
sensitivity and in the motor functions of the limb.

The presented observation demonstrates the
successful usage of CT-angiography for the precise
local diagnostics of the complex proximal injury of the
major vessel. The timely conduct of the autovenous
prosthetic replacement has allowed for not only
salvaging the limb, but also for restoring its full
functionality, despite the initially severe type of injury
and the developing ischemia. The case confirms the
necessity of the possibility to perform the emergency
CT-angiography in the settings of the multi-profile
in-patient hospital at the near-front line territory.

DISCUSSION

Within the framework of the current research,
a retrospective analysis was arranged for the clinical
observations of the modern battle injuries of the magistral
arteries in the limbs. The number of wounded admitted
with such injuries is significantly higher comparing to

the experience from the previous conflicts (for example,
during the Great Patriotic War, the vessel wounds
were described in 1% of the wounded, and during the
Chechen conflict — in 5-6%, we were registering the
vessel injuries in 18% of the admitted wounded patients)
[1-4]. Some role in this statistics, probably, is played
by the improvement in the provision of first medical aid
at the battlefield, but the main reason is the usage of
new types of weaponry (cluster munitions and other
types of modern shells). The combined nature of the
wounds, which we observed, requires the participation
of the multidisciplinary team of specialists (orthopedic
traumatologist, vascular surgery specialist, neurosurgery
specialist, abdominal and thoracic surgery specialist,
anesthesiologist-intensivist and specialists from the
diagnostic fields).

The diagnostics of the injured arteries of the limbs
can pose difficulties when the input hole of the damaging
element is located outside the projection of the vessel
location area and there is no arterial hemorrhage.
Our experience confirms the key role of ultrasonic
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dopplerography, while the CT-angiography conducted
in the setting of the stable hemodynamics provides
the unique possibilities for the pre-operative planning
in the complex situations, especially when there are
multiple fragment wounds and the determination of the
damage level is hampered.

In cases of the injured major vessels of the limbs,
oftentimes there is a significant degree of destruction of
the tissues along with the corrugated wound channels
and with the contusion damage, which does not allow for
objectively evaluating the sensitivity, the active motions
and the degree of ischemia at the same time. During
the research, it became clear that the specific features
of the effects of damaging elements in the modern
conflict lead to the absence of the absolute criteria
for the development of the irreversible limb ischemia
(including the time of injury, the pulsation, the ultrasonic
dopplerography data, the absence of sensitivity and
muscle rigidity), except for the development of ischemic
contractures in the major joints.

The time of wound infliction was traditionally
considered a significant factor for the development
of irreversible ischemia, however, there is a whole
number of reports, in which, using their own
experience, the authors did not find any confirmation
to this. S.R. Menakuru et al. [5], describing a series of
148 patients, report about the excellent results, despite
the median delay of 9.3 hours from the moment of
the admission of the wounded. W.H. Wagner et al. [6]
have found no correlation between the ischemia
time and the outcome in vascular injury. W. de Silva
et al. [7] describe the brilliant results for 36 vascular
reconstructions with the median time from the episode
of injury being 10 hours. In our practice, in a number of
patients, the successful vascular reconstructions were

ORIGINAL STUDY ARTICLE

undertaken after more than 24 hours from the moment
of the wound infliction.

The analysis of the accessible literature shows that
it is possible to use the tactics of restoring all the major
vessels regardless of the degree of ischemia in the
limb. Even in the absence of restoring the peripheral
blood supply in the limb, it is possible to delay the
conduct of the secondary amputation, for the ischemia
can be mosaic and the staged necrectomies with
a background of using the extracorporeal methods
of detoxication allow for salvaging the limb [4-7].
However, the use of this approach requires significant
efforts from the medical staff, the proper equipment
basis and the continuity in the settings of the staged
provision of medical aid.

In each case, the decision on the possibility of
conducting the vascular reconstruction needs to
be drawn up on an individual basis. It should be
remembered that the main objective of the medical
aid in the settings of the military conflict is saving the
life of the maximum number wounded in case of their
massive inflow. The choice of the general strategy of
treatment at the stage of the sorting decision should be
based on evaluating the vital functions (consciousness,
hemodynamics, respiration) and on the presence of the
“triad of death” (hypothermia, acidosis, coagulopathy).
In the unstable patients with severe combined injuries,
a fast and reliable arrest of the on-going hemorrhage is
needed, while the surgical tactics should be based on
the practicability principles.

We have developed a proprietary algorithm of
selecting the treatment tactics (Fig. 9), which we used
as a guideline during our operations and which has
confirmed its high clinical efficiency. Three variants of
the tactical surgical decision are possible: the vascular

Ischemic contracture of the ankle
joint or of the radiocarpal joint

Duration of ischemia
up to 2 hours

no yes

Vascular reconstruction +
fasciotomy

no yes

Amputation

Vascular reconstruction

Fig. 9. The algorithm of selecting the treatment tactics in cases of injuries involving the magistral arteries of the limbs.
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reconstruction, the vascular reconstruction together
with fasciotomy and, finally, the amputation. Special
significance when selecting the specific variant belongs
to evaluating the passive movements in the damaged
limb in its major joints as the more reliable prognostic
criterion of its viability. The absence of active motions
and of the sensitivity are reversible, besides, they can
occur in cases of the concomitant damage of the
nerves, not being an indication for amputation.

In cases of the damaged arteries of the lower limb,
only in an ideal situation, when the wound was inflicted
less than 2 hours ago and there is no significant
destruction of the tissues, it is possible to skip the
fasciotomy. In other cases, fasciotomy is indicated,
and skipping it may further lead to the compartment
syndrome and to the acute renal insufficiency. Though
the necessity of fasciotomy is evident when detecting
signs of swelling and pain in the distal muscles, it
may not be the case when we are talking about the
prevention [8, 9]. It was shown that early fasciotomy in
cases of damaged vessels in the lower limbs promotes
to the decrease of the rates of consequent amputations
and to the shortening in the duration of treatment [10].
Fasciotomy for preventive purposes in case of
acute ischemia in the upper limb can be unjustified.
Thus, in the research by D. Jo et al. [11] performing
the fasciotomy had no evident benefits and was
associated with the increased rate of complications. In
our research, in cases of traumas involving the vessels

of the upper limb, the fasciotomy was not performed
on the routine basis.

With the concomitant damage of the bones, the
majority of orthopedic fixations were the external
ones and, with the traumatologist having the sufficient
experience, they were done rapidly and in parallel to
the operations conducted by the vascular surgery
specialist. There were no staging problems and the
majority of vascular anastomoses were conducted in
the already stabilized limb. In rare cases, when the
traumatologists needed significant time for the fixation
of the limb, the restoration of the passability of the
arteries was done as the first stage.

During the postoperative period, the observed
findings may include the progression of ischemia and the
development of the acute renal insufficiency, which will
require the immediate response measures (secondary
amputation and/or extracorporal detoxication) (Fig. 10).
We suggest that, after conducting the vascular
reconstructions, the active follow-up is necessary
within two days, and the premature evacuation of the
patient can increase the risks caused by the untimely
provision of the adequate medical aid.

The complex operative situation and the possibility
of safe evacuation of the wounded and the injured
can significantly modify the application of the classic
concept of “multi-stage” treatment, which dictates
the necessity of developing the flexible and adaptive
protocols for evacuation and treatment.

The postoperative period of 2 days

Progression of ischemia

Secondary amputation

Regress of ischemia

Acute renal failure

no yes

Intensive treatment
Extracorporeal detoxication

Evacuation for after-treatment
to the specialized in-patient facility

Fig. 10. Algorithm of managing the patient after the restoration of the magistral arteries in the limb.
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Our experience demonstrates the high level of
qualification among the front-line medical groups,
which, in the settings of being at the zone with immediate
danger, were conducting such surgical interventions as
the temporary bypassing of the damaged blood vessels,
which was providing the possibility of salvaging the
limb. At the same time, a systemic risk was identified
for the application of the arterial tourniquet in cases of
isolated venous bleeding, which indicates the necessity
of perfecting the educational programs of pre-hospital
aid with an accent to the differential diagnostics of the
hemorrhage type.

In the settings of the well-equipped civilian
in-patient hospitals located near the areas of the
military operations, it is possible to arrange the vascular
reconstructive surgeries in cases of the injuries of the
magistral arteries, however, due to the risk of developing
the post-ischemic syndrome, it is practicable to avoid
the immediate further evacuation and to arrange the
follow-up for the operated patients lasting not less than
two days (see Fig. 10). Due to the absence of direct
contacts between the institutions providing medical
aid at various stages, the continuity can be interrupted,
which negatively affects the final result of treating the
wounded.

CONCLUSION

In the settings of the modern battle conflict,
a combination can be observed that includes the
unique characteristic of the wounds and the complex
operating environment, which requires the exceptional
coordination of the forces and facilities when
organizing the medical aid and defines the necessity
of individual tactical decision in each specific patient.
The battle contact line can be located at the direct
proximity from the well-equipped civilian healthcare
institutions, at the premises of which, it is possible to
provide the high-tech medical aid, however, in case of
performing the complex surgeries, the follow-up for
the operated patient at the earliest post-surgery period
is practicable for arranging on site with avoiding the
immediate evacuation.

In cases of injuries involving the major artery in the
limb, the main parameter affecting the possibility of
salvaging the limb itself is the degree of ischemia in
the muscles. The irreversible ischemia is often hard to
define, and the guideline to be used is the development
of the ischemic contracture in the major joints. The time
of wound infliction, the absence of pulse, of the active
motions and of sensitivity cannot serve as an indication
for amputation. The algorithm developed by us has
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demonstrated its high efficiency in saving the life and
in salvaging the limb.
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Risk Factors for Post-Operative Cognitive Dysfunction
in Neurosurgical Patients

V.A. Saltanova® 2, O.A. Kicherova', L.l. Reikhert', Yu.l. Doyan'-2, N.A. Mazurov'
1 Tyumen State Medical University, Tyumen, Russia;
2 The Regional Clinical Hospital Ne 2, Tyumen, Russia

ABSTRACT

BACKGROUND: The impact of various risk factors on the development of post-operative cognitive
dysfunction in neurosurgical patients requires research for decreasing the probability of developing this
complication. AIM: To determine the effects of extra- and intraoperative risk factors on the development
of post-operative cognitive dysfunction in neurosurgical patients after undergoing a vertebral column
surgery with long-running anesthetic support. METHODS: The research was carried out among the
neurosurgical patients with previous surgical intervention in the vertebral column, within the premises of
the Neurosurgery Department of the State Budgetary Healthcare Institution of the Tyumen Oblast “Regional
Clinical Hospital No. 2”. The evaluation included the cognitive functions before surgery and on Day 3 after
the surgical intervention using the Montreal Cognitive Assessment (MoCA), along with a panel of Isaac tests
and the Munsterberg test. The calculated coefficients were the Pearson’s and the point biserial correlation
coefficients regarding the following intraoperative risk factors: type and duration of anesthetic management,
medications used for anesthesia and muscle relaxation, as well as the type of surgery. Evaluations were
also made for the interrelation between the development of post-operative cognitive dysfunction and the
following extra-operational risk factors: the age, the body mass index, the number of education years,
the presence of arterial hypertension or diabetes and smoking. RESULTS: A notable positive correlation
was observed between the development of post-operative cognitive dysfunction and the age (r=0.53;
p <0.01), moderate correlation with the body mass index (r=0.35; p <0.01) and with the presence of arterial
hypertension (r=0.42; p <0.05). A moderate negative relation was observed for the number of education
years and the development of post-operative cognitive dysfunction (r=-0.36; p <0.01). The relation of the
presence of diabetes with post-operative cognitive dysfunction did not show significant correlation. Smoking
and surgery duration show low level of interrelation, which does not allow to comprehensively interpret the
obtained results as significant. The type of surgical intervention and the duration of anesthetic support did
not correlate with the development of post-operative cognitive dysfunction (r <0.1; p <0.01). A moderate
correlation was found for the anesthesia conducting using a drug combination of desflurane+fentanyl
(r=0.31; p <0.05) along with the mild one when combining sevoflurane+fentanyl+ketamine (r=0.25; p <0.05).
The usage of fentanyl together with sevoflurane (r=0.07), propofol (r=-0.1) and sodium oxybutyrate (r=0.05)
does not lead to post-operative cognitive dysfunction (p <0.05). CONCLUSION: Elderly age, high body
mass index, presence of arterial hypertension and low education level increase the risks of developing
post-operative cognitive dysfunction. Using the desflurane+fentanyl and sevoflurane+fentanyl+ketamine
combinations can also contribute to the occurrence of cognitive disorders.

Keywords: post-surgery cognitive dysfunction; long-running anesthesiology support; risk factors.
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BACKGROUND memory, speech, learning ability and other higher
Post-operative cognitive dysfunction (POCD) is mental functions [1]. Such a condition can persist for
a state which is quite often diagnosed in patients many months and progress into a constant disorder,
undergoing long-running surgical intervention. POCD seriously affecting the quality of the patients’ life
is described as impaired attention concentration, and their working capacity. To a great extent, the
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OPUTUHAJIbHOE NCC/TTIEAOBAHUE

®dakTopbl pucKa nocneonepayMmoHHON KOrHUTUBHON
ANCPYHKLNN Y 6ONbHDIX HEMpoXMpypruyeckoro npopuns

B.A. CantaHoBa' 2, 0.A. Kuueposa', J1.U. Peiixept', K0.WU. fosH' 2, H.A. Ma3sypos'
" TioMEHCKWI1 rocyapCTBEHHbI MeAULHCKUI YHUBEPCUTET, TioMeHb, Poccus;
2 O6nacTHas KnvHudeckasi 6onbHuLa Ne 2, TiomeHb, Poccus

AHHOTALNA

O6ocHoBaHue. BnusiHne pasnnyHbiXx (hakTOpPOB pucKa Ha pa3BUTUE 0CTONEPayMOHHON KOrHUTUB-
HOM ANCOYHKUMN Y NaUMeHTOB HEVpOXUPYPru4eckoro npogunsa Tpebyetr n3ydyeHus A58 YyMEeHbLUe-
HUSI BEPOSITHOCTU PasBUTUSI 3TOrO OCJIOXKHEHUS. Lenb — onpefenuts BAUNSIHUE 3KCTpa- v UHTpa-
oriepaymoHHbIX (haKTOPOB pPUCKa Ha Pas3BUTUE MOCTONePaLNnOHHON KOrHUTUBHOWU ANCEHYHKLUMN Y na-
LMEHTOB HENPOXUPYPru4ecKoro rnpogus, noaBepriunxcs ornepaTnsHOMY BMeLLaTe/1bCTBY Ha 03BO-
HOYHUKE NPy O/INTE/IbHOM aHecTe3nosorndeckoMm rnocobun. Mertopgsl. ViccregosarHmne npoBoanaoCs
cpeau nayneHToB, NepeHECLUMX onepaymy Ha No3BOHOYHUKE, Ha base HerpOXUPYPru4eckoro otgesne-
Hus FTBY3 TO OKB Ne 2. OueHKY KOrHUTUBHBIX QQYHKUMI repes onepaunen u Ha TPeTui AeHb nocie
npoBogmv ¢ nomoLybto MoHpeasbckom KorHuTusHou wkasbsi (MoCA), Habopa TecToB Vicaaka v TecTa
MioHcTepbepra. PaccuntbiBany KoagpopuuymeHTsl [TMpcoHa v To4YeYHble bucepuasibHbie KO3ghpuLm-
€HTbl KOpPEeaUny B OTHOLLUEHUN CAEAYIOLNX UHTPaonepaLnoHHbIX (hakToOpOB pycKa: BuL U rMpoLoIi-
JKUTEJIbHOCTb aHeCTe3MO/IOrM4eCcKoro obecrnedyeHus, npenapartbl 47158 aHeCcTe3un 1 Muopesaakcaymum,
Bug onepaunn. OueHuBan TakXe B3auMOCBSI3b MEXAY PasBUTUEM 0CTONEPaLNOHHON KOrHUTUB-
HOW AUCYHKUNU Y CAEAYIOLUMMY SKCTPaonepaymnoHHbIMY hakTopamy pycka: BO3pacT; MHAEKC Mac-
Cbl Tesia; 4YnC/0 NeT 0BYYeHUs;, Ham4ne apTepuasabHON MMNepTEH3n, caxapHoro amabeta; KypeHue.
Pesynbratbl. BoisiBneHa 3amMeTHas NoJIOXUTEIbHasH KOPPENSALNS MEXAY PasBuTUEM MOCTONepaLmoH-
HOU KOrHUTUBHOW AucyHKumn n Bo3dpacTtom (r=0,53; p <0,01), ymepeHHas Koppensayusi ¢ NHLEKCOM
maccsi Tena (r=0,35; p <0,01) u Hann4ymem apTepuanbHou runepteHsun (r=0,42; p <0,05), a Takxe yme-
PEeHHas oTpulaTesibHas CBs3b C YUC/IOM JieT 00y4eHus (r=-0,36; p <0,01). CBs3b Ham4nsi caxapHoOro
Aviabeta ¢ nocronepaLnoHHON KOrHUTUBHOW AUCHYHKUMEN HEe nmMmesia 3HaqumMon koppensymn. KypeHve
Y MPOAJOIIKUTEIbHOCTL OrepaLny UMerT HUSKUK YPOBEHb CBSI3Y, YTO He MO3BOJISET MOJIHOLEHHO UHTEP-
rpeTupoBaTh MOJyHEeHHbIE Pe3y/ibTaThl Kak 3Ha4YvMblie. By onepaTtMBHOrO BMeLLaTe1beTBa v npogos-
JKUTEJIbHOCTb aHeCTEe3MO/IOMMYECKOro Mocobusi He KOPPENPOBaIN C Pa3BUTUEM MOCTONePaLMOHHOM
KOrHUTUBHOM AncgyHkumy (r <0,1; p <0,01). ObHapyxeHa yMepeHHas Koppensayusi ¢ UCrosib30BaHNEM
B Ka4ecTBe aHecTe3uy KoMbuHaumy npenaparos gecgypaH+geHtaHun (r=0,31; p <0,05) n nérkas —
rpv coveTaHny rnpenaparoB ceBopypaH+peHTaHua+keTammH (r=0,25; p <0,05). Vicnonb3oBaHme eHTa-
HMsIa cOBMECTHO C ceBogypaHom (r=0,07), npornogonom (r=-0,1) n HaTpus okcubytupatom (r=0,05)
He MpuBOANT K MOCTONepaunoHHON KOrHUTUBHOM ancyHkuymu (p <0,05). 3aknrodeHue. [Noxunon
BO3pacT, BbICOKUIA MHAEKC Macchl Tena, Haam4ume apTepuasbHON rmrnepTeH3nn, HU3KUI ypoBeHb obpa-
30BaHus1 yBESINYNBAIOT PUCKU Pas3BUTUST OCTONEPaynoHHON KOrHUTUBHOMN Anc@yHKymn. MpymeHeHne
KOMOUHaumi rpenapaTtoB fgeceaypaH+@deHTaHun v ceBogypaH+pheHTaHNI+KeTaMH TakXxe MOryT
CrnocobCcTBOBAaTHL MOSIBAEHUNIO KOTHUTUBHBIX HAPYLLIEHWU.

KnrodeBble crioBa: rocTonepayyioHHasi KOrHUTUBHas! QUCYHKUNS; AINTEbHOE aHeCTE3N0I0MNYeCcKoe
rnocobue; hakTopbl pUCKa.

Ans yntupoBaHus:

CantaHoBa B.A., Kudeposa O.A., Pelixept J1.W., DosH KO.W., Masypos H.A. ®akTopbl prcka nocneonepa-

LMOHHOW KOrHUTUBHOWM ANCHYHKLMN Y BOMbHBIX HENPOXMPYPINYeCKOro Npoduns. KnmHn4eckast npaxkTyka.
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development of such a set of symptoms depends on
certain risk factors [2, 3]. Due to an increase in the
number of surgical interventions among the elderly
patients, a necessity arises for deeper exploration of
such factors. The obtained data allow for providing
an individual approach when preparing the patient
to surgical intervention and for decreasing the
probability of developing POCD by using the means
of prevention.

It is known that the occurrence and the severity of
POCD vary depending on the presence of pre-operative
and intraoperative risk factors, such as the type and
the duration of surgery, the type of anesthesia, the age
of the patient, the concomitant diseases and the level
of education [4-6]. The majority of research works in
this field were carried out among the patients of the
cardiology and trauma care profile. The research
works on the incidence and the severity of POCD in
patients having a vertebral column surgery are sparse
and concentrated on the influence of the age and the
duration of anesthetic support [1, 7]. The analysis
of the effects of other risk factors on the cognitive
functions among the vertebrology patients will allow
for more comprehensive interpreting the results of
neuropsychological tests and for preventing the
development of POCD.

Research aim — to determine the effects of
various extra- and intraoperative risk factors on the
development of POCD in neurosurgical patients,
undergoing vertebral column surgery with long-running
anesthetic support.

METHODS
Research design
Observational selective non-controlled clinical trial.

Conformity criteria

Inclusion criteria: patients with scheduled surgical
intervention caused by degenerative-dystrophic
diseases of the vertebral column.

Exclusion criteria: patients having ischemic or
hemorrhagic stroke in the past medical history;
significant blood loss (more than 500 ml); diseases
of the nervous system, including the consequences
of craniocerebral injuries; alcohol abuse; severe
depression; impaired consciousness.

Research facilities

The examination was carried out within the
premises of the Neurosurgery Department of the
State Budgetary Healthcare Institution of the Tyumen

Oblast “Regional Clinical Hospital No. 2”7 with the
participation of a homogeneous group of patients: all
of them were neurosurgical patients with long-running
(lasting more than 120 minutes) vertebral column
surgeries. The research was arranged in the similar
settings using the standardized scales, which allowed
for maximum increasing the significance of the
obtained results.

Research Duration
The research duration was 12 months (from
January 2024 until January 2025).

Medical procedure description

The evaluation included the cognitive functions
before surgery and on Day 3 after the surgical
intervention using the Montreal Cognitive Assessment
(MoCA), along with a panel of Isaac tests and the
Munsterberg test. For minimizing the practical effect
(improvement of parameter values caused by the
repeated performing the tests), the second testing
employed the parallel versions of tests. The testing was
done after evaluating the intensity of pain syndrome
using the visual analogue scale. In case of severe pain
syndrome, in order to minimize the influence of pain
on the testing results, pain treatment was conducted
using the non-steroid anti-inflammatory drugs.

Research outcomes

Primary research outcome: the change in the level
of cognitive functions in the patients after long-running
vertebral column surgeries.

Methods for registration of outcomes

The results of testing and surveying on the paper
media were transitioned into the Microsoft Office Excel
electronic format for their further statistical processing.

Statistical analysis

For each scale, a difference was calculated between
the absolute values of testing results before and after
surgery. The obtained parameters were expressed
as percentages. The percentages were summed
and divided by the number of scales. This approach
was used to calculate the mean value of the change
(median, Me) for three scales. The mean decrease
of the results of three testing sessions by more than
10% was interpreted as the presence of POCD.
Calculations were done for the Pearson’s coefficients
() and for the point biserial correlation coefficients
regarding the extra-operative (the age; the body mass
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index; the number of education years; the presence
of arterial hypertension, diabetes and smoking), as
well as the intraoperative (drugs used for anesthetic
management and for muscle relaxation, duration and
type of surgical intervention) risk factors. Correlations
were considered statistically significant at the p level
of <0.05. The calculations were conducted using the
Python language programming means.

RESULTS

Research sample (participants)

During the primary examination of 108 neurosurgical
patients, 5 individuals were excluded due to the
presence of exclusion criteria in them. Thus, the
sample consisted of 103 patients. POCD was reported
in 35 (34%) of them. The age of the test subjects
varied from 22 to 77 (mean age — 50) years. The
gender distribution was the following: 40 females,
63 males. Eleven patients had diabetes, 44 had arterial
hypertension, 35 were smokers. The body mass
index of the participants varied from 20 to 41 relative
units (median, Me 27.6). The recorded data included
the number of years of continuous education at the
young age (Me 12.2), the education level (general
secondary — 20, incomplete secondary — 1, complete
general secondary in 5, secondary vocational in 39,
higher in 38) and profession (non-manual workers — 41,
manual workers — 62).

The patients were undergoing scheduled surgical
intervention in the lumbar segment of the vertebral
column, after which, the treatment results were analyzed
before and after decompressive laminectomy (in 8)
or hemilaminectomy (in 50) with further discectomy,
microdiscectomy (in 18) or laminectomy with further
transpedicular fixation (in 27).

The duration of anesthetic support was from 120 to
405 minutes (Me 154). The patients were receiving
propofol as the preanesthetic medication. As for the
muscle relaxants used, they were rocuronium bromide
(in 77), suxamethonium bromide (in 10), along with
their combination (in 16). The type of anesthesia used
was the following: general intravenous with artificial
pulmonary ventilation. The combinations of the
following medications were used: sevoflurane+fentanyl
(in 67); propofol+fentanyl in 14); desflurane+fentanyl
(in 12); propofol+fentanyl+sodium oxybutyrate (in 3);
sevoflurane+fentanyl+ketamine (in 6).

Primary research outcomes

The results of testing with the MoCA scale before and
after surgeries have demonstrated the values ranging
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from 17 to 30 points (Me — 25 and 23.8 respectively),
the Isaac tests — from 17 to 40 points (Me — 32 and 31,
respectively), the Munsterberg test — from 7 to
28 points (Me — 16 and 15, respectively).

As for the extra-operative factors, a notable positive
correlation was observed between the development
of POCD and the age (r=0.53; p <0.01), with moderate
one for the body mass index (r=0.35; p <0.01) and for
the presence of arterial hypertension (r=0.42; p <0.05).
A moderate negative interrelation was found between
the number of education years and the development of
POCD (r=-0.36; p <0.01). The presence of diabetes does
not affect the development of POCD. The coefficient of
association for smoking had a low significance level,
which does not allow for comprehensive interpreting
the obtained results as valid.

Regarding the intraoperative risk factors, the
following results were obtained: the type of surgical
intervention did not correlate with the development
of POCD. The duration of anesthetic support (r=0.02;
p <0.01) is also not the factor affecting the development
of POCD. A moderate correlation was found for
using (as the anesthesia means) the desflurane +
fentanyl combination of drugs (r=0.31; p <0.05), mild
correlation — for using the sevoflurane+fentanyl +
ketamine combination (r=0.25; p <0.05). Using fentanyl
together with sevoflurane (r=0.07), propofol (r=-0.1)
or sodium oxybutyrate (=0.05) does not lead to the
occurrence of POCD (p <0.05).

Undesirable phenomena
No adverse events were registered.

DISCUSSION

The influence in terms of developing POCD was
observed for the age, the body mass index, the
presence of arterial hypertension and the number of
education years. The most prominent association was
found between the age and the development of POCD,
which corresponds to already available literature data
[4, 5, 8, 9]. Due to the variety of the test group, using
this factor, one can extrapolate the obtained data to
other patients with vertebral diseases.

The high body mass index and the presence of
arterial hypertension also have significantly increased
the risks of developing POCD, which correlated with
the results of a large number of other research works
with the participation of cardiology or trauma patients
[10-12]. The presence of moderate interrelation
indicates the possibility of influence from the
endogenous protective factors, such as the genetic
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markers, the effects of which on the development of
POCD still need to be explored.

From the exogenous extra-operative factors, the
highest influence was provided by the number of
years of education. The detected negative moderate
correlation shows that the presence of higher
education and long-term learning act as the protective
factor, decreasing the probability of developing POCD.
Similar data were obtained in other POCD research
works [13-15].

As for the diabetes affecting the development of
POCD, significantly weaker interrelation was found,
which is slightly diverging with the available data
on this topic [16, 17]. It is probable that the level of
diabetes compensation, the achievement of target
glycemia levels and the diseases duration have more
significance than the fact of diagnosis itself, due to
which, more detailed research is needed for exploring
such cause-and-effect associations.

In the latest research works, the data on the effects
of smoking on the development of POCD diverge. In one
of the research works [18] smoking acts as the protective
factor against POCD, while the meta-analysis [9] draws
a conclusion on the negative effects of smoking on the
cognitive functions in the individuals with past cardiac
surgeries. The data obtained in our research, do not
allow for completely rejecting or confirming the effects
of smoking on the development of POCD.

The association with the duration of anesthetic
support was confirmed in multiple research works with
cardiology or trauma patients, but in several research
works, the data were controversial [16, 19]. The results
obtained in our research may indicate that the type of
surgery itself (vertebral column surgery) adds its own
specific features to the development of POCD. In all
appearances, due to the anatomical remoteness of the
surgery field and the small blood loss during surgery,
the effect of this factor is insignificant, however, further
research is required on this issue. Our research has
proven that the specific type of vertebral surgery itself
does not affect the cognitive functions.

It was found that using fentanyl in combination with
desflurane or sevoflurane and ketamine can influence
the development of cognitive disorders, for there was
a moderate and mild association, respectively. A recent
research [20] also contained data obtained that were
showing the pathological effect of desflurane and
sevoflurane on the cognitive functions.

Comparing the obtained data, a conclusion
can be drawn that, when preparing for surgical
intervention, it is necessary to collect the past

cognitive history of the patient (number of education
years, education type, type of work) and comparing
it to the forthcoming anesthesiology support. For
the elderly patients with multiple concomitant
diseases, as well as for patients with low education
level, manual type of labor, it is undesirable to
use the combinations of desflurane+fentanyl and
sevoflurane+fentanyl+ketamine. In patients with several
risk factors, the usage of neuroprotective therapy is
possible during the pre- and post-operative periods for
decreasing the probability of developing POCD.

Based on the data obtained in our research, not
all the cases of developing POCD can be explained,
especially among young patients without any
risk factors. Further research on the endogenous
biochemical and genetic risk factors of developing
POCD shall allow for drawing a more comprehensive
picture of developing this disease and minimizing the
risks of cognitive disorders after surgeries.

Research limitations

The clearest limiting factors are the testing
conditions: unfavorable environment of the hospital
ward, uncomfortable conditions and the presence of
other test subjects can significantly affect the results of
examining the cognitive functions. In order to minimize
this factor, the recommendations include arranging
the testing at the same time by a single investigator,
in a separate room, after meals and with comfortable
temperature and light.

Other limiting factor can be the severity grade of
pain syndrome: while having a highly intensive pain,
the test subject cannot focus on the test tasks or
completely refuses to participate in the testing session.
The optimal decision in this case would be the rational
use of pain medications.

CONCLUSION

Knowing the risk factors for post-operative
cognitive dysfunction will allow for preventing the
development of this condition. Based on the obtained
results, for older age patients with high body mass
index value, with the presence of arterial hypertension
and low education level, it is recommended to choose
the rational combinations of anesthesia medications
and more sparing treatment methods, including the
consideration of the possibility of conservative therapy
with using neuroprotective drugs.

Further research is required in this field for compiling
a more comprehensive picture of the pathogenesis of
post-operative cognitive dysfunction.
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Primary Femoro-Popliteal-Tibiofibular Bypass in Patients
with Critical Limb Ischemia in the Era of Endovascular Surgery

A.Yu. Buroy, E.R. Lysenko, O.G. Gryaznov, E.V. Gulyaeva, R.B. Abasov, K.A. Knyazeva,
E.D. Malyutina, E.R. Islyamov
Federal Clinical Center for High Medical Technologies of the Federal Medical and Biological Agency, Khimki, Russia

ABSTRACT

BACKGROUND: In the majority of patients with critical ischemia in the lower limbs, the findings include
the “multi-level” atherosclerotic lesions in the arteries of the femoral-popliteal-tibiofibular segment. The
optimal method of re-vascularisation in this cohort of patients is not defined as of today. AIM: To evaluate
the efficiency of conducting the initial autovenous tibiofibular bypass surgery in case of lesions in the
arteries of the femoral-popliteal-tibiofibular segment in patients with critical ischemia of the lower limbs.
METHODS: The analysis included the results of the initial tibiofibular autovenous bypass surgeries,
performed in 112 patients at the Federal State Budgetary Institution “Federal Clinical Center of High
Medical Technologies” under the Russian Federal Medical-Biological Agency during the period from
2010 until 2021, of which 25 (22.3%) individuals had the stage Ill chronic arterial insufficiency in the
lower limbs, 87 (77.7%) — stage IV acc. to the Fountain—Pokrovsky classification. The distribution by the
atherosclerotic lesion in arteries of the lower limbs with taking into consideration the TASC Il classification
was the following: type C —in 9 (8.0%), type D — in 103 (92.0%). RESULTS: Within the 30 days period,
4 (3.6%) patients have shown the presence of unfavorable cardio-vascular events, 3 (2.7%) cases resulted
in the early high amputation. The perioperative mortality rate was 2.7% (n=3). The primary passability
of the tibiofibular autovenous bypass was 91%, 76% and 67% in 1, 3 and 5 years, while the secondary
passability was 93%, 80% and 71%; the limb survival rate was 98%, 86% and 81,5%; the overall
survival of the patients was 88.5%, 81% and 70%, respectively. CONCLUSION: The initial tibiofibular
autovenous bypass surgeries (bypass first) represent the effective and safe method of surgical treatment
for atherosclerotic lesions in the arteries of the femoral-popliteal-tibiofibular segment in patients with
critical ischemia of the lower limbs. Open-access surgeries in the era of endovascular surgery can be
used as the first line therapy with comparable direct and remote results.

Keywords: critical ischemia of the lower limbs; femoral-popliteal-tibiofibular arterial segment; tibiofibular
autovenous bypassing.
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BACKGROUND

The diseases of peripheral arteries are widespread
worldwide and affect 113 min people aged from
40 years and older, of which 42.6% live in the
countries with low and medium social-demographic
index [1]. The occurrence rate for the diseases of
peripheral arteries has increased by 72% during the
period from 1990 until 2019, taking into consideration
the 45% overall population growth [2, 3]. The
five-year cumulative rate of clinical worsening from
the asymptomatic disease of peripheral arteries to
the intermittent claudication is 7%, while from the

30 https://doi.org/10.17816/clinpract690296

intermittent claudication to critical ischemia in the lower
limbs — 21% [4]. As of today, in the whole world, every
year approximately 25 000 high amputations of the
limbs are carried out for the reason of critical ischemia
in the lower limbs, which significantly decreases the
life duration in this cohort of patients [5]: the overall
mortality level is reaching 15% in 1 year, 24% in 2 years
and 43% in 5 years [6]. According to the data from
multiple authors, critical ischemia of the lower limbs
is associated with the development of cardio-vascular
events, including the period of 30 days after
re-vascularisation [7-9]. It is undeniable that the
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OPUTUHAJIbHOE NCCJTIEAOBAHUE

MNepBuyHOE WYHTUPOBaHVE NPY NOPaXKeHUN apTepun
6eapeHHO-NOAKOJNIEHHO-0epLI0BOro cermeHTa

Yy NaLMEeHTOB C KPUTUYECKON MwIeMnein HKHNX KOHeYHoCcTen
B OpY SHAOBAaCKYJIAPHON X1pyprumv

A.10. Bypos, E.P. JlbiceHko, O.I. psisHoB, E.B. [ynsieBa, P.6. A6acoB, K.A. KHsizeBa,

E.A. MantoTtuHa, 3.P. UcnsimoB

DdepepanbHbIi KIMHAYECKUIA LIEHTP BbICOKMX MEOULIMHCKIMX TexHonorun ®egepanbHoro Meguko-6ronornyeckoro areHTCTBea,
Xumku, Poccusi

AHHOTALIUA

O60cHoBaHume. Y 60/bLUMHCTBA NayneHTOB C KPUTUHECKON NLLIEMUNEN HVYIXKHUX KOHEYHOCTEN BbIsSIB/ISIETCS
«MHOIrO3TaXXHOE» aTePOCK/IEPOTUHECKOE MOPaKeHNe apTepuii 6eapeHHO-NoAKOAEHHO-6ePL0BOro cer-
MeHTa. OnTuMasibHbIf METOL PeBacKyaspu3aLmnmn y 4aHHOW KOropTsl NayneHTOB Ha CeroAHSILLHWIA JeHb
He onpegenér. Yenb — oLeHnTb 3¢hheKTUBHOCTbL BbIMNOIHEHUS] MEPBUYHOIO ayTOBEHO3HOro 6epLoBo-
ro LUYHTUPOBaHUS MpUY MOpaXKeHun apTepuii 6eapeHHO-NOAKOIEHHO-6epLOBOro CerMeHTa y nayneH-
TOB C KPUTUYECKOU WLLEMUEN HVDKHUX KOHeYHocTer. Metogbl. [poaHann3npoBaHbl pesybtaTbl nep-
BUYHbIX 6€PpLOBbIX ayTOBEHO3HbLIX LLUYHTUPOBaHWUM, BbINOIHEHHbIX 112 naymeHTam B ®IBY ©OKL BMT
OMBA Poccun B nepmog ¢ 2010 no 2021 rog, n3 Hux 25 (22,3%) yenosek vmenn Il cTaguio XpoHu-
YeCKOW apTepuasbHOM HEL4OCTaTOYHOCTY HVDKHUX KOHe4dHocTew, 87 (77,7%) — IV cTaguro no kiaccu-
¢ukaymn DoHTeriHa-llokpoBckoro. PacrnipeneneHne rno arepoOCKIEPOTUHECKOMY MOPaXKEHNIO apTePuii
HYDKHUX KOHEYHOCTel ¢ y4éTom knaccugmkaumm TASC Il 6bi1o cnegyrorymm: Tun C —y 9 (8,0%), Tun D —
y 108 (92,0%). Pe3synbratbl. B TedeHne 30-gHeBHOro cpoka y 4 (3,6%) nayneHToB Obliv BbiSIB/IEHbI HE-
bnaronpusiTHble cepaeYHO-cocyancTbie cobbitus, B 3 (2,7%) cry4asix BbIMOHEHA PaHHSS BbICOKas amrly-
Tayus. lNepuonepaymoHHas cMepTHOCTb — 2,7% (n=3). Yepes 1, 3 n 5 net nepBmnyHas npoxogMmMocTs
b6epLoBbIx ayTOBEHO3HbIX LLUYHTUPOBaHWi cocTaBuna 91%, 76% v 67%, B TO BPeEMSI Kak BTOPUYHas Mpo-
xoammocTb — 93%, 80% u 71%; nokasartesib COXpaHeHUsi KoHeYHocTn — 98%, 86% un 81,5%; obLyas
BbKnBaemocTb nayneHToB — 88,5%, 81% un 70% cooTBeTcTBEHHO. 3akstodeHue. [lepBuyHbie 6epLo-
Bble ayTOBEHO3HbIE LUYHTUPOBAHWS SIBASIIOTCS 3(DHEKTVBHBIM 1 6€30MacHbIM METOLOM XUPYPrnyecKo-
ro JIeHeHus aTepOCKIePOTUHECKOIO MOPaKeHVs1 apTepuii 6eapeHHO-No4KoIEHHO-06epL0BOro cerMeHTa
Y NaLmneHTOB C KPUTUNYECKOM NLLEMUNEN HVYXKHUX KOHEYHOCTEN. OTKPLITbIE XUPYPrUYeCcKne ornepaLmm B apy
3HOOBACKY/ISIPHOM XMUPYPrm MOryT ObiTb UCMOIb30BaHbl B KA4€CTBE NEPBOV IMHUM Teparnuy ¢ cornocTa-
BUMbBIMU HEMOCPELCTBEHHbLIMU 1 OTAaNEHHbLIMU PE3y/bTaTamuy.

KnrodeBble cnoBa: KpUTUHECKas WLLIEMUS HVDKHUX KOHEYHOCTeM; 6edpeHHO-rMogKoIeHHO-6epLioBbIl
apTepuasibHbIi cCerMeHT; 6epL0BOe ayTOBEHO3HOE LLYHTUPOBaHME.

Ansa yntuposaHus:

Bypos A.FO., Jlbicenko E.P, IpsasHos O.I0, ynsesa E.B., AbacoB Pb., KHazesa K.A., MantotuHa E.[.,
Vicnamos 3.P. [NepBrnyHOe WyHTUPOBaHUE Npu NopaXkeHun apTepuin 6egpeHHo-NogKoNeHHo-6epLoBOro
CerMeHTa y naumeHToB C KPUTUYECKON ULLEMUNEN HUXKHUX KOHEYHOCTEN B 9py SHO0BACKYSAPHOW X1pYyp-
run. KnuHnydeckasi npaktyka. 2025;16(3):30-37. doi: 10.17816/clinpract690296 EDN: SGMBVH

MocTtynuna 11.09.2025 MpunsaTa 14.09.2025 Ony6nnkosaHa online 06.10.2025

main method for treating the patients with critical
ischemia in the lower limbs is the re-vascularisation of
the lower limbs [10]. In the majority of such patients,
a “multi-level” atherosclerotic lesion is found in
the arteries of the femoral-popliteal-tibiofibular
segment [11], which is why the issue of selecting
the reconstructive interventions as of today remains
topical and discussible.

Research aim — to analyze the 12-years experience
of performing the initial tibiofibular autovenous
bypass surgeries in patients with critical ischemia in
the lower limbs at the premises of the Federal State
Budgetary Institution “Federal Clinical Center of High
Medical Technologies” under the Russian Federal
Medical-Biological Agency (FSBI FCC HMT under the
Russian FMBA) and to evaluate their efficiency.
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METHODS

Research design

Single-center  non-randomized retrospective
observational research.

Conformity criteria

Inclusion criteria: the presence of critical ischemia
in the lower limbs (resting pain or trophic defects in the
shin and in the foot); “multi-level” atherosclerotic lesion
in the femoral-popliteal-tibiofibular arterial segment;
absence of previously conducted surgeries in the
ipsilateral limb; the presence of the greater saphenous
vein applicable for bypassing.

Non-inclusion criteria: intermittent claudication of
the lower limbs; isolated lesions in the shin arteries;
absence of at least one passable tibial artery for
shaping the distal anastomosis; the presence of a vast
trophic defect in the zone of formation of the planned
anastomosis.

Research facilities

The examination was carried out at the Vascular
Surgery Department of the Center for Cardio-Vascular
and Endovascular Surgery of the FSBI FCC HMT under
the Russian FMBA.

Research Duration

The research work was carried out for 12 years
(during the period from January 2010 until
December 2021).

Medical procedure description

During the pre-operative period, all the patients
underwent the procedures of measuring the
ankle-brachial index, the stratification by the scale of
the severity of morphological damage in the tissues of
the foot, the perfusion of the lower limbs, the severity of
the infectious process (Wound, Ischemia, foot Infection,
Wifi, 2014) with further staging the clinical risk of high
amputation, as well as the ultrasound examination of the
arteries and veins (for the evaluation of the possibilities

Types of tibiofibular

Type of bypassing

in situ
Femoral-anterior tibial 22 (19.6)
Femoral-fibular 34 (30.3)
Femoral-posterior tibial 34 (30.3)
Femoral-tibioperoneal 5 (4.5)

ORIGINAL STUDY ARTICLE

of using the greater saphenous vein as the conduit) and
the contrasted visualization of arteries (angiography /
multispiral computed tomography of vessels, MSCT-AG)
of the lower limbs. Further procedures included the
modification of risk factors, prescribing or correcting the
antihypertensive therapy, the insulin therapy, the intake
of statins, of antiaggregants and the anticoagulants.
All the surgical interventions were carried out under
the endotracheal anesthesia. In 100% of the cases,
the proximal anastomosis with autovenous bypass
was formed from the common femoral artery, while
for the bypassing artery, any other passable artery
with better outflow was used. The vast majority of
surgeries was carried out using the in situ method, but
also the compound and reversed autoveins were used
as the conduit (the characteristics of all the tibiofibular
autovenous bypass surgeries are provided in table 1).

Statistical analysis

The statistical analysis and data processing were
carried out using the Statistica v.10.0 software by
StatSoft Inc. (USA) using the parametric (t-Student’s
test) and the nonparametric (Kaplan—-Meier survival
analysis) methods. The statistical significance was set
as p <0.05.

RESULTS

Research sample (participants)

A total of 112 initial tibiofibular autovenous bypass
surgeries were performed in 94 (83.9%) male patients
and 18 (16.1%) female patients. The mean age of the
patients was 66.3+9.1 years (ranging from 44 to 90 years).
Stage Il chronic arterial insufficiency of the lower
limbs acc. to the classification by Fountain—Pokrovsky
was diagnosed in 25 (22.3%) patients, stage IV —
in 87 (77.7%). The mean value of the ankle-brachial
index before surgical intervention was 0.15+0.08.

The stratification of the patients using the Wifi scale
(2014) with staging the clinical risk of high amputation
is provided in table 2. The distribution of patients
by the atherosclerotic lesion in the arteries of the

Table 1
bypass surgeries
Autovenous conduit, n (%)
reversed compound
2(1.8) 0 (0.0
7 (6.3) 2(1.8)
3(2.7) 3(2.7)
0 (0.0) 0 (0.0)
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Table 2

Stratification of patients using the Wifi scale with determining the clinical risk stage for high amputation

Clinical stage
0-2-0
0-3-0
1-2-0
1-2-1
1-3-0
1-3-1
2-2-0
2-2-2
2-3-1
2-3-2
3-3-0
3-3-1
3-3-2

Il (low risk)

Il (medium risk)

IV (high risk)

lower limbs acc. to the TASC Il classification was the
following: type C was diagnosed in 9 (8.0%) individuals,
type D — in 103 (92.0%). All the patients enrolled into
the research had a number of concomitant diseases
and past surgical interventions (table 3).

The main research outcome

Within the framework of this scientific research,
we have tracked and analyzed the direct (30-days) and
the remote (5-years) results of tibiofibular autovenous
bypass surgeries.

In 7 (5.9%) cases of initially selected 119 patients
for bypass surgeries, the decision was to carry out
the hybrid intervention due to the technical failure
(conversion). These patients were excluded from the
further analysis. The mean value of the ankle-brachial
index after the surgical intervention was 0.94+0.16.

Wifi scale range of values

n (%)

i' 25 (22.3)

N
o O,

—_

7.0) 70 (62.5)
5

N

W W W W wN O 0 o o O
=

17 (15.2)

Within the period of 30 days, 4 (3.6%) operated patients
were diagnosed with unfavorable cardio-vascular
events (three acute myocardial infarctions and a single
acute cerebrovascular accident) and in 3 (2.7%) cases,
the early high amputation was done. The perioperative
mortality was 2.7% (3 patient), the reasons of which
became the abovementioned acute myocardial
infarctions (2; 1.8%) and an acute cerebrovascular
accident (1; 0.9%). Local complications in the
area of the postoperative wounds were detected
in 11 (9.8%) patients.

The remote results included the primary and the
secondary passability, the limb survival and the overall
survival. The primary passability of the tibiofibular
autovenous bypasses was 91%, 76% and 67%
in 1, 3 and 5 years (p <0.05), while the secondary
passability of the bypasses — 93%, 80% and 71%,

Table 3

Comorbid disorders in patients with critical ischemia of the lower limbs

Disorders
Arterial hypertension
Ischemic heart disease
Re-vascularisation of the myocardium
Atrial fibrillation
Past acute cerebrovascular accident
Carotid re-vascularisation
Diabetes
Chronic kidney disease stage llI-V
Chronic obstructive pulmonary disease
Re-vascularisation of the contralateral limb

n (%)

105 (93.8)
60 (53.6)
18 (16.1)
13 (11.6)
18 (16.1)
14 (12.5)
31 (27.7)
18 (16.1)
10 (8.9)
26 (23.2)
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respectively (p <0.05) (Fig. 1, 2). The value of the limb
survival parameter among the patients was 98%, 86%
and 81.5% in 1, 3 and 5 years (p <0.05) (Fig. 3), the
overall survival of the patients — 88.5%, 81% and 70%,
respectively (p <0.05) (Fig. 4).

DISCUSSION

During the last 10 years, various international and
Russian scientific communities have issued more than
20 consensus documents, related to the problems of
treating critical ischemia in patients with atherosclerotic
lesions in the arteries of the lower limbs. The
successfully conducted arterial reconstructive surgery
not only saves the limb and improves the quality of life,
but also saves the life of the patient.

The optimal tactics of surgical treatment for the
patients with critical ischemia in the lower limbs
in cases of multi-level extensive lesions in the
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Fig. 1. Remote results: primary passability.
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Fig. 3. Remote results: limb survival.
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arteries of the lower limbs still remains a topic of
multiple research works, including the international
randomized multi-center ones (BEST-CLI, BASIL-2)
[12, 13]. In recent years, the rates of conducting the
endovascular interventions as the strategy of first-line
re-vascularisation has significantly increased [14, 15].
Despite this tendency, the results of our research
present the convincing data in favor of using the tactics
of “bypass first” for the lesions of the arteries in the
femoral-popliteal-tibiofibular segment in patients with
critical ischemia of the lower limbs. The evaluation of
the significance of the strategy for re-vascularisation of
the lower limbs in such patients is carried out, generally,
by the direct (perioperative) and remote results of
reconstructive interventions. In case of the presence of
a number of technical possibilities (greater saphenous
vein applicable for bypass, passable tibial artery for the
formation of the distal anastomosis, absence of vast
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Fig. 2. Remote results: secondary passability.
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Fig. 4. Remote results: survival.
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trophic defects in the zone of the planned anastomosis
formation in the shin) practically in all the patients after
the femoral-tibiofibular autovenous bypass surgery
we managed to achieve the positive result in the early
follow-up period.

The perioperative complications in our research
have demonstrated the minimal values for 30-days
mortality (2.7%), for high amputation (2.7%) and for the
unfavorable cardio-vascular events (3.6%). These data
are comparable to the ones from the global research
works and indicate the high safety of the femoral-
tibiofibular bypass surgeries in patients with critical
ischemia of the lower limbs. Thus, in the BEST-CLI
research [12], in the cohort of patients with the greater
saphenous vein applicable for bypass, between the
groups of the open-access and the endovascular
treatment, no significant differences were demonstrated
in 30 days regarding the rates of the main unfavorable
cardio-vascular events (4.6% and 3.2%, respectively)
and the perioperative mortality (1.7% and 1.3%,
respectively). In the well-known Finnvasc register, the
30-days mortality was 3.1%, while the 30-days high
amputation rate was 6.3% [16].

High levels of the rate of limb survival and of the
overall survival, which were analyzed in our research
in the remote period, also correspond to the worldwide
research data published in the last several years.
Thus, in the BASIL-2 research, the limb survival rate
in the group of autovenous bypass surgeries was
80% in 5 years, however, it is worth keeping in mind
that more than half of the patients have deceased
within this period after the randomization [13]. Among
38 470 patients with critical ischemia of the lower
limbs, which underwent the infrainguinal bypassing
or endovascular interventions, the evaluation of the
30-days survival rate was 98%, while the 2- and 5-years
survival rate — 81% and 69%, respectively [17].

CONCLUSION

The initial tibiofibular autovenous bypass operation
(the bypass first surgery) is an effective and safe
method of surgical treatment for atherosclerotic lesions
in the arteries of the femoral-popliteal-tibiofibular
segment in patients with critical ischemia of the lower
limbs. In the era of endovascular surgery, open-access
surgeries can be used as the first line operations with
the comparable direct and remote results.
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The Tactics of Weaning from Cardiopulmonary Bypass
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ABSTRACT

BACKGROUND: Cardiac surgery under cardiopulmonary bypass is typically characterized
by significant blood loss and the need for donor red blood cell transfusions. In addition to the
inflammatory response, hemodilution, hypocoagulation, and blood loss significantly contributes to
the development of perioperative anemia associated with the weaning from the cardiopulmonary
bypass. AIM: Optimization of weaning from cardiopulmonary bypass to reduce blood loss during
cardiac surgery. METHODS: Patients undergoing cardiac surgery under cardiopulmonary bypass
(n=62) were divided into two groups. In the study group (n=31), all blood from cardiopulmonary
bypass circuit was returned to the patient's central vein at the end of the cardiopulmonary bypass.
In the comparison group (n=31), a standard method of pushing a residual blood volume from the
cardiopulmonary bypass circuit with normal saline was used. Laboratory and instrumental data were
analyzed. RESULTS: Intraoperative blood loss in the study group was significantly lower than in
the comparison group (500 [470-520] ml versus 800 [760-830] ml, p=0.0001). Twenty-four hours
after surgery, creatinine, alanine aminotransferase, and amylase concentrations were higher in the
study group than in the comparison group. At the end of surgery, the study group also had higher
cardiac index (3.1 [2.8-3.6] versus 2.8 [2.6-3.1] I/m? per minute, p=0.018) and global ejection fraction
(28 [22-31] versus 22 [19-24]%], p=0.011). No adverse events or reactions were registered during
the study. CONCLUSION: Complete blood return after cardiopulmonary bypass results in higher
hemoglobin and hematocrit levels in the early postoperative period, accompanied by less blood loss
and higher cardiac index and global ejection fraction after the main stage of the surgery without
significant adverse events.
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BACKGROUND

The procedure of cardiopulmonary bypass (CPB)
is a potent stress for the organism, which may be
accompanied by pronounced pathophysiological
reactions [1]. CPB may result in the development of
systemic inflammatory response, anemia, increased
risks of perioperative hemorrhages due to the
hemodilution (a decrease in the number of red blood
cells in blood plasma resulting from the increase in
the total plasma volume), due to the decreased levels

38 https://doi.org/10.17816/clinpract685114

of coagulation factors and due to the dysfunction of
platelets [2].

Cardiac surgery is considered the leading field
by the number of post-operative blood loss and by
the development of post-operative hemorrhages. An
important step of the CPB is its termination, for the
volume of blood remaining after the CPB procedure in
the oxygenator and the pipelines, significantly affects
the development of the post-operative anemia. However,
currently the medical published literature contains no
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AHHOTALNSA

O6ocHoBaHne. Kapauoxvpypru4eckue BMeLLaTe/iIbCTBa B YCJIOBUSIX WCKYCCTBEHHOIO KpOBOOOpa-
L{eHUS] OBbIYHO XapakTepu3yKTCs 3HaYUTE/IbHOW KPOBOMOTEPEN U NOTPEOHOCThIO B MepesvBaHum
LHOHOPCKVX KOMMOHEHTOB KpPOBW. [TOMMMO CUCTEMHON BOCMAMTE/IbHON peakuyun, reMOoZuIioLnm
M rurnokoarynsaynm, BaXKHbIV BKJa B pas3BUTUE NepuonepaLnoHHON aHeMu BHOCUT KPOBOIMOTEPS,
CBsi3aHHasi ¢ 9TariloM 3aBepLUEHWS] NCKYCCTBEHHOro KpoBoobpaLllyeHus. enb — ontumusayus atana
3aBepLUEHNs] CKYCCTBEHHOIO KPOBOOOPAaLLeHVsT /1S YMEHbLUEHUS KPOBOMOTepU Mpu Kapauoxmpyp-
rmdeckux onepayusix. Metogsl. [TpoornepupoBaHHbIE B YCI0BUSIX MCKYCCTBEHHOMO KPOBOOOPaALLEeHS
naymeHTbl (n=62) pasgesieHbl Ha ABe rpynrbl. B ocHoBHOM rpyrnne (n=31) no oKoH4YaHuu rpoyesypbl
UCKYCCTBEHHOIO KpPOBOOOpaLLeH s BeCb OOBbEM KPOBU U3 BCEX MarucTpasel annapara nCKyCCTBEH-
HOro KpoBOObpalleHns BO3BpaLyaam B LEHTPaabHyrO BeHy nauyveHTta. B rpynne cpaBHeHus (n=31)
MCrob30Baiy CTaH[apTHLI METO4 OT4ads OCTaTOYHOUM KPOBU U3 KOHTYpPAa MCKYCCTBEHHOIMO KPOBO-
obpalleHnsi C MOMOLLbIO BbITECHEHUSI (DU3NOIOMMHYECKUM PacTBOPOM. AHann3npoBaan [aHHbIe Ja-
60partopHbIX U UHCTPYMEHTa/IbHbIX METO[OB UCCeoBaHvs. Pesynbratel. VIHTpaonepaynoHHas
KPOBOMOTEPS B OCHOBHOU rpyrne bblia 3Ha4YuMO Hvxe, Yem B rpyrnne cpaBHeHus (500 ma [470-520]
npotvB 800 mn [760-830], p=0,0001). Yepes 24 yaca nocse onepauyny KOHLUEHTpauus KpeaTuHWHa,
anaHuHaMmHoOTpPaHcgepasbl v amuaassl Oblv Bbille B OCHOBHOW rpyrine, Y4eMm B rpyrine CPaBHEHUS.
B koHuUe onepauyun B OCHOBHOU rpynne Takxe 6biiv Bbille cephgeyHbini uHgekc (3,1 [2,8-3,6] npotus
2,8 [2,6-3,1] ma/muH/m?, p=0,018) u rnobasibHas ¢paxums nsrHaHus (28 [22-31] npotus 22 [19-24]%,
p=0,011). HexxenaresnbHbie SBAEHUS U PeakLny BO BPEMS MPOBEAEHUS UCCIEA0BaHNS OTCYTCTBOBAJIN.
3aknroveHue. [10/1HbIV BO3BPAT KPOBU MOC/IE UCKYCCTBEHHOrO KPOBOOOPALLEHNS B OPraHn3M rnaLneH-
Ta NPUBOAUT K YBESIMHEHUIO roKa3aTesien reMorsiobviHa u reMaTtokpuTa B paHHeM nocaeonepaymoHHOM
riepyoge, CornpoBOXXAaeTCsl MEHbLUVM 0OBEMOM KPOBOMOTepU 1 601e€ BbICOKUMM YPOBHSIMU CEPAEY-
HOro uHpekca v rnobasibHou pakymm narHaHusi nocsae OCHOBHOIO aTarna onepauuy Ha ¢ooHe oTCyTCT-
BUSI 3HAYUMbIX HEXKE1aTe/IbHbIX SBACHUM.

Knro4eBble crioBa: ICKyCCTBEHHOE KPOBOOOpaLLIEHNE; KPOBOMNOTEPS; reMoryapobasnaHc; Kapauoxvpyprusi.
Ansa yutupoBaHus:

Knpees A.MN., Kneina T.B., Mangens N.A., CyHryposa [.C., fAHosckas WN.M., LWeneniok A.H. Tak-
TVKa 3aBepLUeHnss npouenypbl MCKYCCTBEHHOrO KPOBOOOPALLEHNS B paMKax KpoBocheperaroLlen
KOHUEeNuMM npu  Kapavoxmpyprudeckux onepauunsax. KramHubeckass rpaktuka. 2025;16(3):38—-46.
doi: 10.17816/clinpract685114 EDN: DNBUCC

MocTtynuna 14.07.2025 MpuHaTa 01.10.2025 Ony6nnkoBaHa online 09.10.2025

algorithms for finishing this procedure. The blood-saving is considered expensive and unavailable in some centers,
techniques in cardiac surgery include the transfusing necessitating optimization of the weaning from the CPB
blood from CPB circuit to the Cell Saver [3]. This method for decreasing the blood loss after heart surgery.
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In cases of significant blood loss, for correcting
the anemia, generally, the donor blood components
are being used, though recently more attention in the
medical literature is gained by various aspects of the
necessity to minimize the transfusions of donor blood
components [4]. This is related to the results of a large
number of research works confirming that the transfusion
of donor blood components is accompanied by an
increase in the number of post-operative complications
and in the number of hospitalization days, by the
increase in the morbidity and mortality rates, as well as
the increase in the costs of treating the patient [5].

Research aim — Optimization of weaning from
cardiopulmonary bypass to reduce blood loss during
cardiac surgery.

METHODS

Research design

This research is open-label, prospective and
randomized.

Conformity criteria

Inclusion criteria: patients admitted to the
Cardiosurgery Department of the Federal State
Budgetary Institution “Federal Clinical Center of
High Medical Technologies” under the Federal
Medical-Biological Agency (FSBI FCC HMT under the
Russian FMBA), of any gender, aged older than 18 years,
in which the scheduled cardiosurgery intervention is
planned in the settings of artificial circulation.

Exclusion criteria: emergency surgical intervention.

Non-inclusion criteria: aged under 18 vyears;
individuals refusing to participate in the research.

Research facilities

The research was carried out within the premises
of the Center for Cardio-Vascular and Endovascular
Surgery of the FSBI FCC HMT of the Russian FMBA.

Research Duration
The research was carried out during the period from
October 2023 until March 2024.

Medical procedure description

The research has enrolled 62 adult cardiosurgery
patients operated in the settings of CPB, which were
divided into two groups. In the main group (n=31) upon
the end of CPB, the whole volume of blood from all
the pipelines of the artificial circulation equipment
was returned into the central vein of the patient via the
laboratory shunt pipe attached to the aortic cannula. In
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the comparison group (n=31), a traditional method was
used that included the substitution of residual blood
in the pipelines of the bypass after the completion
of CPB. With the traditional method, after the end of
the CPB procedure, the volume of blood remaining in
the cardiotomy reservoir was returned to the vascular
system of the patient via the aortic cannula. The
blood remaining in the pipelines was relocated by
displacing with an additional volume of normal saline
(approximately 400 ml). After the decannulation of the
aorta, the volume of blood remaining in the pipelines,
was discarded.

The methods of perfusion and anesthetic
management did not differ between the groups: for
the induction of anesthesia, Midazolam was used
(0.1+£0.02 mg/kg) along with Propofol (1.1+0.08 mg/kg),
Fentanyl (7.0+0.3 pg/kg), Rocuronium bromide
(0.9+0.03 mg/kg); for maintaining the anesthesia —
Sevoflurane (0.5-1 MAC, where the MAC is the minimal
alveolar concentration); Fentanyl (1,9+0.3 pg/kg per
hour), Propofol (with the target concentration being
1.5+0.1 mg/ml during the CPB) and Rocuronium bromide
(0.3+£0.03 mg/kg per hour).

Perfusion methods: volumetric flow rate of the
perfusion — 2.5 I/m? per minute, non-pulsatile mode,
temperature mode: 35.8-36.7°C.

The patients were receiving blood cardioplegia
using the Calafiore’s method (cardioplegia type 1) or
crystalloid cold antegrade cardioplegia by Custodiol
solution with the separate cannulation of the upper and
the lower vena cava and with further removal of the
cardioplegia solution into the external drainage via the
coronary sinus (cardioplegia type 2).

The prime volume of CPB was: Gelofusin (500 ml),
Sterofundin (750 ml), 15% Mannitol solution (150 ml)
and 5% Sodium hydrocarbonate solution, NaHCO,
(100 ml).

Methods for registration of outcomes

The parameters of the central blood circulation
were measured using the PiCCO technology (Pulse
index Continuous Cardiac Output) and the following
parameters were analyzed: the cardiac index, the
global ejection fraction, the index of the global function
of the left ventricle, the extravascular lung water and
the systemic vascular resistance index.

None of the patients in the research had received
the transfusion of the donor blood components.

An analysis of the intraoperative data included
the acid-base balance, the central (transpulmonary
thermodilution method, PiCCO technology) and
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the systemic hemodynamics before the operation,
at the 5, 30 and 60 minutes stages of CPB and after
finishing the CPB along with the sternal closure.

During the post-operative period, the analyzed values
included the parameters of the general (clinical) and the
blood biochemistry panels, the acid-base balance, the
duration of mechanical ventilation, the length of stay in
the Intensive Care Unit and the mortality rates.

Statistical analysis

The statistical analysis of the data was done using
the SPSS 26.0 software pack (IBM Corp., New York,
USA). The continuous and the categorical variables
were presented as the median (Me) and the quartiles
(25%; 75%) or n (%) depending on the type of data. The
comparison of the quantitative characteristics among the
groups was carried out using the Mann-Whitney test. For
evaluating the significance of the differences between
the categorical variables, the x2 (2x2) tests were used
with the Yates’s correction. When evaluating the dynamic
intragroup data, the Wilcoxon criterion was applied.
When checking the statistical hypotheses, the statistical
significance was established with the p value of <0.05.

RESULTS

Research sample (participants)

The patients from the Center for Cardio-Vascular
and Endovascular Surgery of the FSBI FCC HMT of
the Russian FMBA, operated in the settings of artificial

circulation (n=62), were divided into two groups — the
main one (n=31; after finishing the CPB, the whole
blood volume from all the pipelines of the artificial
circulation equipment returning to the central vein of
the patient via the laboratory shunt pipeline attached
to the aortic cannula) and the comparison group (n=31;
traditional method of displacing the residual blood from
the artificial circulation equipment pipelines after the
completion of CPB).

The groups were comparable by the age, the gender,
the duration of CPB, the duration of surgery, as well as
by the baseline values of the biochemistry and clinical
hematology panels, as well as by the coagulation
panel findings, by the data from the instrumental
examinations, by the spectrum of conducted surgical
interventions, by the time of myocardial ischemia and
by the concomitant diseases (table 1, 2).

Primary findings

No significant differences were found in the
intraoperative hemoglobin and hematocrit levels
between the groups (table 3).

In the main group, during the surgery, an increase
was found in the volume of fluid administered during
the CPB (table 4). It was probably related to the
necessity of supporting the sufficient filling volume for
the cardiotomy reservoir at the main phase of surgery.

The total intraoperative blood loss in the main
group was significantly lower comparing to the one in

Table 1
Demographical and laboratory data
Group
Parameter Main Comparison P
n=31 n=31
Age, years 67 [57-69] 65 [56-69] 0.405
Body weight, kg 84 [75.8-95.0] 80 [71-90] 0.337
Body mass index, kg/m? 28.9 [26.5-36.6] 26.7 [24.9-30.8] 0.062
Males, n (%) 19 (61) 23 (74) 0.277
Creatinine, umol/I 89 [80-106] 91 [75-99] 0.756
Alanine aminotransferase, u/l 17 [16-27] 19 [13-24] 0.820
Amylase, u/l 53 [42-90] 84 [35-104] 0.846
Red blood cells, thous./pl 4.81 [4.35-4.95] 4.76 [4.37-5.01] 0.947
Hemoglobin, g/I 139 [131-147] 143 [129-151] 0.564
Hematocrit, % 41.8 [38.4-44.0] 41.5 [37.5-45.6] 0.830
Platelets, thous./ul 227 [195-271] 242 [187-286] 0.679
Prothrombin, % 104 [93-108] 99 [91-104] 0.188
Fibrinogen, g/I 5.7 [4.3-7.5] 5[4.2-6.7] 0.228
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Table 2
Characterization of surgeries
Group
Parameter Main Comparison P
n=31 n=31
Plegia type 1, n (%) 23 (74) 22 (71) 0.766
Coronary artery bypass grafting, n (%) 2 (6.5) 2 (6.4)
Valve, n (%) 22 (71) 26 (83.9) 0.380
Combined, n (%) 7 (22.5) 3(9.7)
CPB duration, min 58 [46-81] 63 [63-81] 0.436
Duration of myocardial ischemia, min 43 [33-58] 50 [40-60] 0.406
Note. CPB — cardiopulmonary bypass.
Table 3
Comparison of intraoperative parameters
Group p
Parameter Main Comparison Mann-Whitney
n=31 n=31 test
Beginning of surgery
Hemoglobin, g/I 128 [116-130] 124 [113-131] 0.917
Hematocrit, % 38 [35-39] 36 [33-37.5] 0.086
5 minutes of CPB
Hemoglobin, g/I 92 [82-100] 90 [80-103] 0.860
Hematocrit, % 26.5 [22.5-30.5] 24 [20-26.5] 0.138
30 minutes of CPB
Hemoglobin, g/I 96 [87-102] 91 [80-104] 0.397
Hematocrit, % 28 [23-29] 23 [21-26] 0.062
60 minutes of CPB
Hemoglobin, g/I 96 [83-103] 93.5 [86-105] 1.000
Hematocrit, % 29 [21-32.5] 26 [23.3-26.8] 0.256
After CPB
Hemoglobin, g/I 105 [98-113] 105 [94-116] 0.920
Hematocrit, % 31 [27-34] 27 [25-32] 0.108

Note. CPB — cardiopulmonary bypass.

the comparison group. This is related to the fact that
when using the “standard” method for finishing the AC
procedure, approximately 300 ml of blood mixed with
physiological solutions remains in the oxygenator and
in the pipelines.

In the main group, significant difference was found
between the levels of hemoglobin and hematocrit
during the first post-operative 24h.

The levels of creatinine, alanine-aminotransferase
and amylase in 24 hours after surgery were significantly
higher in the main group than in the comparison group,
with this, all the parameters were within the reference
ranges. We have also found a tendency to later
extubation in the main group. The hydrobalance values

during the first post-operative 24h did not significantly
differ between the groups. Additional evaluation was
conducted for the volume of primary filling (ml/kg of the
body weight of the patient) and for the intraoperative
balance: no significant difference was found between
these parameters (see table 4).

The cardiac output parameters before the sternal
closure between the groups did not significantly differ.
After the sternal closure, the cardiac index and the global
ejection fraction were significantly higher in the main
group with the comparable dosages of catecholamines
(table 5). In the comparison group, the index of the global
function of the left ventricle has significantly decreased
comparing to the baseline value.
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The comparison of the parameters during the first post-operative 24h

Parameter

Creatinine, umol/I

Alanine aminotransferase, u/I
Amylase, u/l

Red blood cells, thous./ul
Hemoglobin, g/I

Hematocrit, %

Platelets, thous./ul

MV less than 6 h, n (%)
Blood loss, ml

Hemohydrobalance, ml
e intraoperative
® per24 h

Drainage tubes, ml

Volume of administered fluid
during the CPB, ml

Prime, ml/ kg

Intraoperative fluid balance, ml/kg

Note. MV — mechanical ventilation; CPB — cardiopulmonary bypass. * parameters achieving the statistical significance.

Parameter

Dopamine, pg/kg per minute
Cl, I/m? per minute

GEF, %

IGF, ml/m?

EVLW, mi/kg

SVRI, dynes*sec*cm/m?

Cl, I/m? per minute
GEF, %

GEF, >25%, n %
IGF, ml/m?

EVLW, ml/kg

SVRI, dynes*sec*cm/m?

Note. Cl — cardiac index; GEF — global ejection fraction; IGF — index of the global function of the left ventricle; EVLW —
extravascular lung water; SVRI — systemic vascular resistance index. * parameters achieving the statistical significance.

Group
Main Comparison
n=31 n=31
106 [78-125] 85 [73-105]
24 [16-52] 18 [12-27.3]
98 [68-276] 60 [44-140]
3.9[3.5-4.2] 3.65 [3.22-4.06]
116 [104-124] 103.5 [93-119]
33 [30-36] 29.5 [25.5-33]
158 [119-207] 170 [148-219]
11 (35.5) 5 (16)
500 [470-520] 800 [760-830]

1240 [600-1893]
1475 [1013-1725]

250 [190-335]

1150 [800-1513]
1075 [450-1725]

250 [187-320]
2000 [1800-2300] 1833 [1700-1800]

22.5[20.68-26.13]
13.34 [9.72-18.12]

22.78 [20.9-27.05]
16.66 [12.62-20.62]

Parameters of the central blood circulation

Group
Main Comparison
n=31 n=31
Before sternal closure
4.64 [4-5] 4.58 [4-5]
3.1 [2.8-3.3] 3.35[3.0-3.6]
26 [21-30] 23 [18-28]
761 [660-824] 753 [665-900]
8 [7.5-9.5] 8 [7-10]
1709 [1400-2000] 1365 [1300-1592]
After sternal closure
3.1[2.8-3.6] 2.8 [2.6-31]
28 [22-31] 22 [19-24]
17 (55) 5 (16)
775 [643-872] 647 [615-820]
9[8.5-11.0] 9 [7-10]

1800 [1400-2153] 1974 [1624-2385]
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Table 4

p
Mann-Whitney
test

0.015*
0.045*
0.009*
0.309
0.028*
0.014*
0.319
0.069
0.001*

0.081
0.135

0.704
0.003*

0.539
0.203

Table 5

P
Mann-Whitney
test

0.752
0.440
0.185
0.683
0.618
0.157

0.018*
0.011*
0.001*
0.142
0.097
0.386
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Undesirable phenomena

There were no significant adverse events during
the complete blood return after CPB into the organism
of the patient during the ten days period.

DISCUSSION

Complete blood return after cardiopulmonary
bypass results in higher hemoglobin and hematocrit
levels in the early postoperative period, accompanied
by less blood loss and higher cardiac index and
global ejection fraction after the main stage of the
surgery. The increase in the hemohydrobalance at
the intraoperative period in the patients operated in the
settings of CPB, can contribute to the development
of multiorgan dysfunction.

The results obtained during this research confirm the
high priority of the blood saving tactics, for significantly
higher values were demonstrated for hemoglobin
and hematocrit during the first post-operative 24h
in the group of patients, in which a complete blood
return was done from the pipelines of the artificial
circulation equipment into the organism. This matches
to the numerous literature data on the practicability
and the necessity of implementing the blood-saving
technologies into the routine surgery practice [6].
Based on the research results, a significant decrease
of the intraoperative blood loss was achieved, which
contributed to the decrease in the probability of using
the donor blood components. Besides, in the main
group, higher values were shown for the cardiac
index in the post-perfusion period. The integrity of
the contractile function is one of top-priority tasks
among the cardiosurgery patients, while its decrease
is directly related to the increase in the number of
complications during the post-operative period along
with the increased in-hospital mortality [7].

According to the data from our research work, in
the main group, the fluid balance was significantly
higher than in the comparison group one, which,
on the one hand, combined with the higher values
of red blood, was resulting in the improvement
of the cardiac index, while on the other — it has
entailed all the drawbacks of increased cumulative
hydrobalance. Indeed, achieving the balance
between the limitation in the volume of infusion and
maintaining the adequate preload periodically can
pose a certain problem.

It is known that the liberal infusion tactics,
especially with a background of systemic inflammatory
response syndrome in cardiac surgery, may result
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in the development of interstitial edema and multi-
organ dysfunction [8]. The higher fluid balance group
had higher levels of creatinine, amylase, and alanine
aminotransferase during the first 24 hours after
surgery, as well as a tendency toward longer (more
than 6 hours) postoperative mechanical ventilation.
These data completely match to the results from
a number of research works, where it was proven that
higher fluid balance increases the ventilation time,
while the prolong mechanical ventilation increases the
risk of unfavorable outcome [9].

One of the variants for optimizing the CPB finishing
stage with following the tactics of maximal blood saving
without increasing the cumulative hydrobalance is the
usage of the autotransfusion equipment and washing off
the red blood cells remaining in the CPB circuit with
removing the excess fluid [10], however, this method
leads to the additional trauma for the blood corpuscles
and, according to the data from some authors, can
worsen the treatment results [11]. Indeed, the optimal
approach to managing the cardiosurgery patients,
operated in the settings of CPB, is the maximal
blood-saving tactics [12] combined with a decreased
volume of perioperative infusion therapy. The present
trial has demonstrated the method for the possible
increase in the values of the cardiac index and for
decreasing the blood loss during the post-operative
period, which, in turn, can reduce the risk of developing
complications among the cardiosurgery patients.

Thus, the complete return of blood after the CPB
via the laboratory shunt loop into the organism of the
patient results in an increase in the values of hemoglobin
and hematocrit within the early post-operative period,
being accompanied by lesser volume of blood loss
and higher levels of the cardiac index and of the
global ejection fraction after the main surgery phase.
Positive hydrobalance could lead to the development
of multi-organ dysfunction.

Research limitations

The research work has a number of the following
limitations: single center involved with a small sample
of patients; the patients were admitted for scheduled
surgical intervention and had no severe concomitant
diseases.

CONCLUSION

Thus, the complete blood return after cardiopulmonary
bypass results in higher hemoglobin and hematocrit
levels in the early postoperative period, accompanied
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by less blood loss and higher cardiac index and global
ejection fraction after the main stage of the surgery. Also
not being associated with significant adverse events.
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The Anesthetic Management and the Specific Features
of Perioperative Management in Cases of Nephrectomy
with Thrombectomy From the Inferior Vena Cava

in Patients with Renal Cell Cancer

O.V. Strunin' 2, T.P. Baitman' 2, M.B. Shainyan', V.V. Malik', D.A. Parkhomenko', D.M. Monakov': 2,
A.A. Gritskevich' 2, A.Sh. Revishvili

1 A.V. Vishnevsky National Medical Research Center of Surgery, Moscow, Russia;

2 Peoples’ Friendship University of Russia, Moscow, Russia

ABSTRACT

Renal cell cancer is one of the most widespread oncourological diseases (90% of all the malignant
neoplasms in the kidneys) with high mortality. Every year worldwide, approximately 120,000 new cases of
renal cell cancer are diagnosed, which is approximately 2% within the structure of the cancer incidence
rates, and 65% of the patients are being diagnosed in the developed countries. Nephrectomy is the
main method of radical therapy for such patients. In cases of tumor thrombosis of the inferior vena cava,
which develops in 25-30% of the cases of renal cell cancer and represents a lethal complication of
this disease due to the fragmentation of the thrombotic masses and developing pulmonary embolism,
nephrectomy with thrombectomy is indicated. A special category includes the patients with renal cell
cancer, complicated by the tumor thrombosis of the inferior vena cava with grades Il (thrombus located
at the level or above the hepatic veins, but below the diaphragm) and IV (thrombus spreading into the
supradiaphragmatic inferior vena cava or into the right atrium) according to the classification by the Mayo
Clinic, in which the surgical strategy is accompanied by significantly traumatic manipulations with the
liver, the suprahepatic segment of the inferior vena cava, as well as with the heart chambers, suggesting
the parallel cardiosurgical intervention. Surgical interventions with this background are accompanied by
the complete or the parallel methods of extracorporeal circulation. The initially burdened status of the
patient (fumor-related intoxication, anemia, hyperazotemia, in a number of cases thrombosis of the venous
system in the lower limbs along with the concomitant abnormalities) and the extent of surgical intervention
determine the high risk of complications (up to 93%) and hospital mortality (up to 10%). The preoperative
evaluation of the risks of surgery, defining the most favorable tactics for the patient and the thorough
preoperative preparation are necessary for the safest course of surgery and for the early rehabilitation
of the patient. Currently, there is no unified commonly accepted algorithm adopted for managing such
patients, while the developed commonly available standards often have a generalized type, not reflecting
the specific features found in the patients with tumor thrombosis of the inferior vena cava. This review
attempts to compile the specific features of the anesthetic management in cases of nephrectomy with
thrombectomy in patients with renal cell cancer, to describe the main pathophysiological features of the
tumor thrombosis of the inferior vena cava, the complications of the perioperative period, the methods
for their prevention and treatment. The main directions were provided for the combined diagnostics and
treatment, special attention was paid to the multi-disciplinary (urologists, oncologists, cardiovascular
and cardiosurgery specialists, anesthesiologists and intensivists) team-based approach to perioperative
management of the patients with tumor thrombosis of the inferior vena cava.
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HAYYHbI OB30P

AHecTe3nonornyeckoe obecneyeHme n oC06eHHOCTN
neprnonepaLioHHOro BegeHna npm HeppsKTomMmmnm

C TPOM6G3KTOMMEN N3 HUXKHE NOJION BeHbl Y NaLNeHTOoB
C NOYEYHO-KJIETOUYHbIM PakoMm

0O.B. CtpyHuH' 2, T.IN. Baiitman™ 2, M.B. LLlanHsH!, B.B. Manuk', [.A. MapxomMeHKo',
AO.M. MoHakos" 2, A.A. Tpuukesuu' 2, A.LLl. PeBuwiBunu’

1 HaumoHanbHbIii MEAVMLMHCKUIN NCCEnoBaTeNbCKMii LEHTP Xupyprum nmexn A.B. BuwHesckoro, Mockea, Poccusi;
2 Poccuinckuii yHBepeuTeT apy>k6bl HApodoB nMeHn Matpuca Jlymym6bl, Mocksa, Poccus

AHHOTALUA

[No4YeYHO-KNETOYHBIN paK — Of4HO M3 Hambosiee pacrpoCTPaHEHHbBIX OHKOYPOIOrn4eckmx 3aboneBaHui
(90% Bcex 3710Ka4eCTBEHHbIX HOBOOOPAa30BaHWI MOYKM) C BbICOKOW CMEPTHOCTLIO. ExxerogHo B mupe
BbIsIB/ISOT 0K0s10 120 000 HOBBbIX CJ1yHaeB rno4Ye4HO-K/IETOYHOIO paKka, YTo COCTaB/IsieT 0K0J10 2% B CTPYK-
Type OHKOOrM4eckown 3aboneBaemoctu, 65% 60/bHbIX BbISBASIOT B pa3BUTbIX CTpaHax. HegppakTomus
SIB/ISIETCS OCHOBHbIM METOL4OM PaaNKaIbHOro e4eHuns naymeHToB. [py ornyxoneBom TPOMO03€e HUXKHEN
1071041 BEHbI, KOTOPbIV pa3BusaeTcs B 25-30% cry4aeB rMno4Ye4YHO-KIETOYHOIO paka v siB/IIETCS CMep-
TeJIbHbIM OCJIOXXHEHWEM [aHHOro 3abosieBaHUs B pe3ynbrate hparMeHTaumm TPOMOOTUHECKUX Macc
M pasBUTUSI IEFOYHOV dMO0OIMM, roKa3aHa HeGPIKTOMUS C TPOMOIKTOMueN. OCcobyro KaTeropuio cocTaB-
JISIOT MaUmMeHTbl C MMOYEYHO-KIIETOYHBIM PaKOM, OCJIOXKHEHHLIM OryX0/1eBbIM TPOMOO30M HUXHEN 10104
BeHbl Il (TooM6 Ha ypoBHE m/iv BbiLLe NeYEHOYHbBIX BEH, HO HyKke auagparmsl) v 1V (Tpoomb pacrpocTpaHsi-
eTcs B HagavagparmasibHYO HYXKHIOK MOJIYIO0 BEHY WV MpaBoe rNpeacepamne) ypoBHS 1o KaaccugukaLmm
KimHVKY Merio, y KOTOPbIX XHpyprudyeckasi CTpaTeryisi CornpoBOXAaeTCsl 3HaYUTESIbHbIMY TRaBMaTUYHbIMY
MaHunyasaynsaIMn Ha rnedvyeHu, B Hagrne4éHOYHOM OTAe/e HVIXKHEN 010 BEHbI, @ Takxe KaMmepax cepaua,
npegronararoLMMy napasnesbHOe Kapauoxmpyprndyeckoe BMmeLuareisctBo. OnepatvBHbie BMeLLaTe ib-
CTBa r1pv 3TOM COMPOBOXAAKTCS MOJIHLIM U NapasiiesibHbIM METOLOM SKCTPaKopnopasasHOro KpoBooob-
paLyeHvsi. icxogHo oTSroléHHOe COCTOsIHME rnauyneHTa (pakoBasi UHTOKCHUKaUWs, aHeMus, rurnepasore-
Musi, B psige Ccry4aeB TPOMOO3 BEHO3HOW CUCTEMbI HYUXKHUX KOHEYHOCTEV Hapsay C COMyTCTBYHOLLEN ra-
TOs1I0rMeEN) N 06BLEM XUPYPrn4eCcKoro BMeLLaTe/ibCTBa OrnpeaesisitoT BbICOKUIA PUCK OCJIOXKHEHWI (3o 93%)
u rocnutasabHou netaabHocTy (o 10%). NpenonepaymoHHas oLeHKa prUCKOB orepauum, ornpeneneHue
Hamnborsiee 61aronpusTHON 4J15 nauyneHTa TakKTUKY, TLyaTe/lbHasi MpegonepaymoHHasl nogrotoska Heobxo-
AnMbl 4715 Hanbosiee 6e30rnacHOro BbIMOJIHEHVS orlepaLuy n paHHen peabunutaumum naumeHTa. B HacTos-
Ljee BpeMsi He CyLLeCTBYET eAnMHOro OBLUENPUHSTOro ajroputMa Be4eHUs Takux rnauneHToB, a paspa-
b60TaHHbIe 00LLEe[OCTYIMHbIE CTaHAapPTbl HOCSIT 3a4acTyto 0O06LYEHHbIN XapaKTep, HE OTPaXXaroLmi OCOo-
OEHHOCTY NMaymneHTOB C Oryx0JieBbIM TPOMOO30M HUXXHEV 107104 BeHbI. B 0630pe rnpeanpuHSTa rnorbiTka
KOMIMNIMPOBaTe 0COOEHHOCTU aHECTE3NOJIOMMHYECKOro 0becrnevyeHnss HEhPIKTOMUM C TPOMOIKTOMUEN
y nauymeHTOB C MOYEYHO-K/IETOYHbIM PakOM, ONMcatb OCHOBHbIE MaTO(U3NOI0rn4eckme 0cobeHHOCTU
OryxX0/1eBOro TpoMb03a HYXKXHEN 010 BEHbI, OCJIOXKHEHVS epronepaLmoHHOro nepmnoga, crnocobbl nx
npounakTku n nedeHus. lNpeacraB/ieHbl OCHOBHbIE HarpaB/iIeHUs KOMIMIEKCHOM ANarHOCTUKU U Jiede-
HYS, yAeneHo ocoboe BHUMaHWe MyJbTURNCUNIIMHAPHOMY (YpOsI0ry, OHKOJIOM, CepAe4YHO-COCyaNCTbIE
U Kapanoxvpypru, aHecTe3noa0ru U PeaHMMaTosIory) KOMaHgHoOMY NoAxXoay K nepuonepaLmoHHoOMy Be-
JEHWVIO MaLMEHTOB C OryX0s1eBbIM TPOMOO30M HYIXKHEN MOJ1I0M BEHbI.

KnroueBbie cnoBa: ornyxoseBbili TPOMGO3; paK MoYKy; aHeCTe3MOoI0MM4YecKoe obecreyeHme.
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INTRODUCTION

Renal cell cancer takes the second place by the
incidence rate among the malignant neoplasms of
the urogenital system, being in the top ten (4.9%) of
the most commonly diagnosed malignant neoplasms
in Russia. In 2023, there were 21,548 newly diagnosed
cases of malignant kidney neoplasms, and the
standardized morbidity rate for renal cell cancer was
10.14 per 100.000 of population [1]. Up to 25-30% of
the cases of renal cell cancer are complicated by the
tumor thrombosis of the renal vein and of the inferior
vena cava, which in 1% of the cases reaches the right
atrium [2].

The choice of surgical intervention in the
treatment of renal cell cancer with tumor thrombosis
of the inferior vena cava (TT IVC) depends mostly on
the thrombus location level and, generally, includes
the radical nephrectomy with the thrombectomy
from the inferior vena cava (IVC) [3].

According to the classification by the Mayo Clinic,
four levels of TT IVC are taken into account: level 0O, in
which the thrombus is limited by the renal vein; level | —
the thrombus is spreading to the IVC by not more than
2 cm above the level of the renal vein; level Il — the
thrombus is spreading to the IVC by more than 2 cm
above the level of the renal vein, but not reaching the
level of hepatic veins; level Il — the thrombus is at
the level of the hepatic veins or higher, but below the
diaphragm; level IV — the thrombus is spreading into
the supradiaphragmatic IVC or into the right atrium.

Surgical interventions, especially in cases of
level Il or IV tumor thrombosis according to the
Mayo classification, are technically complex and
accompanied by the high risk of complications at
all the stages of examination and therapy [4, 5]. In
recent years, thanks to the constant enhancements
of surgical approaches and of the instrumental basis,
as well as due to the usage of artificial intelligence
technologies, the radical methods of nephrectomy
with IVC thrombectomy become more accessible
and safer, however, the levels of complications and
hospital mortality rates still remain high [6-8].

In the modern literature, the experience of anesthetic
management and perioperative management for this
cohort of patients is represented by predominantly
single case reports or case series. Currently, there
is no unified and commonly accepted algorithm for
managing such patients [5, 9-17]. Systemizing the
modern knowledge on the anesthetic approaches,
the peri- and intraoperative risks, the methods of
prevention, the timely diagnostics and treatment is

necessary for increasing the survival rate and for
improving the quality of the patients’ lives [18].

PATHOPHYSIOLOGY AND CLINICAL

MANIFESTATIONS OF TUMOR THROMBOSIS

Tumor invasion into the venous lumen occurs via
the enzymatic destruction of the components of the
IVC wall, mediated mainly by metalloproteinases,
produced by the tumor cells, by fibroblasts and
macrophages, participating in the immune response to
the tumor presence. The basis of the active growth of
tumor thrombosis is the presence of proprietary blood
supply in the intraluminal tumor masses. The surface
of the intraluminal tumor is covered in fibrin, which
often promotes to the formation of blood clots [19].

Generally, the disease manifests with macrohematuria
and pain in the lumbar area. Often, the tumor
thrombosis has a long-term asymptomatic course,
manifesting in some cases with symptoms of venous
hyperemia, such as the swelling of the lower limbs,
varicocele, dilation of the veins in the anterior wall of
the abdominal cavity and the Budd-Chiari syndrome.
The clinical signs of IVC obstruction are found quite
rarely due to the development of collateral circulation.
TT IVC levels llI-IV may induce a short-term loss
of consciousness, shortness of breath (upon the
flotation in the right atrioventricular foramen) and the
impairment of the cardiac rhythm. Some patients
develop signs of chronic cardiac failure: tachycardia,
shortness of breath, congestive signs in the lungs;
the edematic syndrome can manifest as the cavity
edemas, pastosity and swelling in the soft tissues.
The relatively rare (0.9-2.4%) complication of TT IVC,
related to the spontaneous fragmentation of
the thrombus apex, is the pulmonary artery
thromboembolism [20, 21].

ANESTHETIC MANAGEMENT

Preoperative preparation

For selecting the treatment tactics, a detailed
information is needed on the spreading of the
tumor process and on the functional reserves of
the organism. For this purpose, before surgery,
a pre-determined set of examinations is needed,
requiring the involvement of the specialists of various
profiles. TT IVC patients are characterized by an
especially high risk of hemorrhages, hemodynamic
instability with the development of hemodynamical
complications in somatically compromised patients
(classes Ill and IV of the Goldman scale), in which one
can expect the development of myocardial infarction
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types 1 and 2 [22], with this, it is expected that, the
higher is the thrombosis level, the higher are these
risks. In the patients of this cohort, clinically significant
anemia is especially often diagnosed, requiring the
preoperative correction and preparation of the reserves
for intraoperative compensating the blood loss (donor
erythrocyte suspension and fresh-frozen blood plasma,
albumin solutions, the application of the equipment
for the intraoperative blood re-infusion). Taking into
consideration the high probability of intraoperative
myocardial ischemia related to the hemodynamic
instability and significant blood loss in the settings of
possible coronary abnormalities, in such patients, it is
practical to conduct the coronary angiography (CAG)
for the purpose identifying or evaluating the dynamic
changes of the stenoses in the coronary arteries. In
case of detecting the significant lesions in the coronary
circulation, re-vascularisation of the myocardium is to
be performed [6, 23].

The risk of thromboembolic complications in
TT IVC patients is especially high not only due to the
fragmentation of the tumor thrombosis itself, but also
due to the secondary thrombosis in the system of
deep veins of the lower limbs. Before surgery and in
the absence of contraindications, low molecular mass
heparins are prescribed at the therapeutic dose. Due to
the high risk of thrombus in-growth, routine installation
of the cava-filter (a trap for the thrombi) should be
avoided: the installation can be suggested in case of
continuous episodes of pulmonary embolism, despite
the use of anticoagulants, or in case of absolute
contraindications to anticoagulant therapy. Other
procedures include the ultrasound examination of the
veins in the lower limbs for the purpose of diagnostics
and evaluating the deep vein thrombosis [24-26].

All the patients with “high” (levels Ill and IV acc.
to the Mayo classification) IVC thromboses, within
the framework of the preoperative preparation,
must obligatorily undergo echocardiography: such
an examination allows for visualizing the thrombus
head, for the dynamic detection of its mobility relative
to the walls of the supradiaphragmatic segment of
the IVC and the endocardium, the spreading of the
thrombus from the right atrium into the ventricle, for
evaluating the structure of the thrombus, as well as for
non-invasively evaluating the pressure in the
pulmonary artery [27].

One should also keep in mind the paraneoplastic
toxic-anemic syndrome, related to the active oncology
process, the hypovolemia and the impaired functions
of the kidneys and of the liver. In particular, the

REVIEW

depression of the renal functions can be caused by the
decrease in the volume of the functioning parenchyma
in cases of renal cell cancer (the course with signs of
tubulointerstitial nephritis and canalicular necrosis)
or tumor-associated blockage of the vein in the
contralateral kidney. The tumor masses blocking the
orifices of the main hepatic veins, lead to the increase
of the venous pressure within the hepatic parenchyma,
to the compression and stasis in the intrahepatic bile
ducts and, as a result, to the impaired functions of
hepatocytes [6]. The damage of hepatocytes resulting
from the specific features of the liver blood supply,
has the manifestations typical for hepatitis with signs of
intoxication, decreased synthetic functions of the liver
and coagulopathy, which aggravates the course of the
oncological process.

According to clinical recommendations, patients
with kidney cancer are advised to undergo laboratory
examination at the extent of the clinical hematology
panel (extended), the general clinical blood
biochemistry panel, the extended panel of coagulation
tests, the determination of the concentration of
electrolytes (with paying attention to the levels of
ionized and total calcium).

The patients, in which the use of intraoperative
artificial circulation is planned, are recommended
to undergo magnetic resonance tomography of the
brain for the purpose of detecting the metastases that
can lead to the intracerebral hemorrhage during the
complete heparinization [27].

In case of chronic diseases, the preoperative
period should include a consultation by the dedicated
specialist with the determination of further follow-up
tactics for the patient.

Intraoperative management of the patient

Combined and coupled anesthesia is used during
the nephrectomy with IVC thrombectomy regardless
of the thrombus location level. In case of level I-lll
thrombi, epidural anesthesia is also used at the level
of Th7-Th8 as a component of multimodal analgesia,
both in the intra- and in the postoperative period.

In case of level IV thromboses, the practicability
of using epidural anesthesia remains disputable due
to the high risk of developing the epidural hematoma
caused by the necessity of complete heparinization
during the artificial circulation. The role and the
efficiency of high-level epidural anesthesia (Th2-Th5)
for such interventions is not disclosed neither in the
national nor in the foreign literature and it requires
further research [28, 29], however, beyond question
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are its positive sides within the framework of improving
the coronary circulation, the respiratory functions and
the early rehabilitation after conducting the sternotomy.
The technically correct conduction of this component
of anesthetic support is considered safe [30, 31]. The
reviews of the scientific literature on the problem of
high epidural anesthesia in the settings of surgical
interventions with using artificial circulation were not
found in the accessible literature.

The optimal body temperature of the patient during
nephrectomy with thrombectomy from the IVC still
remains a discussible issue. Maintaining normothermia
is necessary for the normal physiological functioning
of the organs and for maintaining the function of
blood clotting. It was proven that hypothermia and
hypoperfusion increase the risk of perioperative
hemorrhages and of the need for blood transfusions
[17, 31] and, together with high risk of perioperative
hemorrhages, induce the development of metabolic
acidosis, which increases the coagulopathy and can
become the reason of disseminated intravascular
coagulation (DIC) syndrome. Maintaining the body
temperature within the range of 36.5-37.4°C as the
most comfortable is safe from the point of view of
the possible development of complications related to
unintended hypothermia. Intraoperative normothermia
is assured by the use of convectional heating systems,
of the flow-through thermostats with the constant
control of the patient body temperature in the
projection area of the lower third of the esophagus
[28, 32]. A number of authors recommend maintaining
the patient’s temperature within the range of mild
hypothermia, which, on their opinion, decreases the
blood loss, for it decreases the aggregation of platelets
and the activity of enzymes in the cascade reactions of
blood clotting [33, 34].

As the intraoperative monitoring, the invasive/
non-invasive measurement of blood pressure is
used; as well as the electrocardiography, pulse
oximetry, capnography and thermometry; other
methods include the control of gases in the arterial
blood and intraoperative thromboelastography,
transesophageal echo-cardiography, intraoperative
ultrasound examination, cerebral oximetry (INVOS
technology) and the control of diuresis rate [6, 23, 28, 35].

Within the structure of the complications, the
predominant one is the massive blood loss (up to
60%), which can induce hemorrhagic shock (0.9%)
and acute coronary syndrome (0.3%) [6]. In case of
massive blood loss, a practicability remains for the
mechanical methods for auto-blood transfusions

(Cell-Saver device) for the purpose of decreasing the
transfusion burden with donor blood components
and the complications related to it. Thrombectomy
is often accompanied by significant variations of
hemodynamics, which requires the active vasopressor
support and infusion therapy [23].

One of the methods of conducting the surgical
intervention in the settings of complete vascular
isolation without the impaired hemodynamics is the
artificial circulation, providing the hemodynamic
stability and bloodless surgical field, and, hence,
wider possibilities for revising and for the safety
of surgical manipulations. The artificial circulation
system also provides the possibility of compensating
the intraoperative blood loss, of decreasing the need
for allogenic blood transfusions [36, 37]. However,
the method is accompanied by certain risks:
systemic anticoagulation, coagulopathy, neurological
complications and impaired functions of the kidneys
affect the survival, the prognosis and the costs of
hospitalization [4].

The traumaticity of the artificial circulation
prompts to extremely selective choosing the
candidates for conducting the procedure. Currently,
a number of methods was suggested that allow for
withdrawing from artificial circulation: the technique
of venous-venous stenting, the milking (pressing out),
the dislocation of thrombus using the Foley catheter
etc. [5, 9, 13, 38-40], however, the fixated thrombi of
levels llI-1V, the predicted massive hemorrhage, the
hemodynamic instability, the floating thrombi with
high risk of fragmentation remain, according to
the opinion of many investigators, an indication for
implementing the artificial circulation [36, 37].

For preventing the formation of thrombi within
the pipelines of the artificial circulation equipment,
it is necessary to constantly control the time of
active blood clotting, the minimal safe value for

which is 400 seconds. The other “side of the
coin” — the massive hemorrhage caused by the
total heparinization of the organism — is also

a life-threatening complication of artificial circulation.
The contact of blood with air and tissues, the foaming
and the introduction of foreign particles promote the
activation of systemic inflammatory response, the
coagulation cascade and the fibrinolysis, which also
hampers the hemostasis [41].

The aspiration of the large volume of blood from
the IVC into the pipelines of the artificial circulation
equipment and the unintended hemodilution
create the opportunities for developing the organ
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dysfunctions. The damaging of the blood cells upon
the aspiration and upon the passage along the
pipelines of the artificial circulation equipment may
lead to the post-perfusion hemolysis, which in turn,
can induce the acute kidney damage and the acute
respiratory distress-syndrome. It was proven that the
blood pressure decrease to less than 80 mm.Hg. is
less traumatic for the blood cells, hence, maintaining
the proper level of pressure drop decreases the
probability of damaging the blood corpuscles [42].
Besides, it is possible to intraoperatively use the
hemofiltration column and to administer the donor
erythrocyte-containing medications into the pipelines
of the artificial circulation equipment for the purpose
of correcting the hypervolemia and severe anemia
resulting from the hemodilution [43, 44].

For the prevention of acute kidney damage caused
by using the artificial circulation equipment, it is
important to maintain an adequate cardiac output, to
suppress the spasm of kidney vessels, to decrease the
need for oxygen by means of moderate cooling and to
use diuretics according to indications [45, 46].

Also, the importance of intra-operative ultrasound
examination should be noted, which provides the
possibility of not only evaluating the length and
the structure of the thrombus, but also of reflecting
the changes upon the compression of the renal hilum,
the presence/absence of thrombus fixation to the
venous wall, as well as of evaluating the non-tumor
vascular component of the thrombus.

Intraoperative transesophageal echocardiography
right after the induction of anesthesia allows for
actualizing the data on the location of the tumor
thrombosis; for evaluating its fragility and adhesion,
as well as the degree of contraction; for detailing
the level of IVC compression and the volemic status
of the patient [35, 47]. Besides, the method allows
for correcting the tactics of anesthetic support, for
defining the functional status of the myocardium, the
presence of abnormalities and the degree of perfusion
at the real-time mode, which is especially important
for critical conditions in severe patients, also helping
to select the optimal volemic load, to evaluate the
pre- and the afterload, the status of the valvular
structures in the heart at the real time mode, to adjust
the anesthetic medications and to predict the possible
complications [35, 47].

Postoperative management of the patient
In case of adequate hemostasis within the first
hours after surgery, anticoagulation is initiated with low
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molecular mass heparins at the therapeutic dosage with
taking into consideration the glomerular filtration rate.
Low molecular mass heparins are the drug of choice
with the recommended gradual transition to the oral
anticoagulants and with the duration of anticoagulant
therapy being 3-6 months. It is practicable to use the
unfractionated heparins due to the more comfortable
control of therapeutic anticoagulation using the active
clotting time and the activated partial thromboplastin
time at the early post-surgery period with further
transition to oral anticoagulants [48].

Taking into consideration the severity of the
conducted surgery, during the postoperative period
a multicomponent intensive therapy is implemented for
the main disease and for the occurring complications,
as well as for the concomitant diseases: multi-modal
analgesia (epidural anesthesia, blockades of nerve
trunks and plexuses, small dosages of narcotic
analgesics in combination  with  non-steroid
anti-inflammatory drugs of predominantly central
action), the rational antibacterial therapy, the correction
of anemic syndrome and the symptomatic therapy.

The necessary procedures also include the
echocardiography (especially in case of “high” tumor
thromboses), the ultrasound duplex scanning of the
veins in the lower limbs, the ultrasound examination of
the abdominal cavity organs and of the retroperitoneal
space (with detecting the circulation in the contralateral
kidney, in the renal vein and in the IVC; with the
evaluation of free fluid presence) not less frequent
than 1 time a week after surgery.

COMPLICATIONS OF THE POSTOPERATIVE

PERIOD

The rates of developing complications at the early
post-surgery period after nephrectomy with IVC
thrombectomy reach 93%. Surgical complications
grade | according to the classification by Clavien-Dindo
were reported in 6.8-10% of the patients, grade Il —
in 10-75%, grade llI-V — in 11-22.3%. The mortality
at the early post-surgery period is, generally, caused
by the multi-organ insufficiency, by venous
thromboembolic complications, by the myocardial
infarction and infectious complications. The hospital
mortality rates, according to the data from various
authors, vary within the values of 3.3-10% [6-8].

The significant predictors of perioperative
complications and of the postoperative mortality are
acknowledged to be the age of the patient, the high
degree of comorbidity, the preoperative intoxication
syndrome and the high spreading degree of tumor
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thrombosis [6, 8, 49, 50]. The extent of surgical blood
loss, the rates of transfusions, the rates of developing
complications during the early postoperative period
and the duration of hospitalization increase with the
length of the thrombi [49].

Within the structure of the complications
developing in the early postoperative period, the
coagulopathies and the hemorrhages prevail
(10.0-66.0%), followed by the complications on the
side of the cardiovascular system (37.8-57.0%), by the
functional organ insufficiency (0.7-53.9%), infectious
complications (3.7-23.0%) and the pulmonary artery
thromboembolism (3.0-6.8%) [6, 49, 51-54].

Complications caused by the impaired blood

clotting

Coagulopathies, hypocoagulation or disseminated
intravascular clotting syndrome, generally, develop
in patients having a history of massive blood loss
and they can become complicated by clinically
significant anemia, by the development of hematomas
and their further infecting, as well as by the acute
cerebrovascular events of the hemorrhagic type. The
control of hemostasis and hemodynamics, of the
red blood parameters along with the competent and
timely prescription of anticoagulant therapy allow
for preventing the development of these conditions.
Oftentimes, non-complicated coagulopathies may
resolve in a conservative manner (hemostatic therapy),
however, in a number of cases (up to 3%), repeated
surgical intervention is required. In cases of acute
impairment of the cerebral circulation, intensive therapy
is arranged, according to the indications — followed
by the craniotomy with draining the intracranial
hematoma [6].

Venous thromboembolic complications, including
the phlebothromboses, re-thrombosis of the IVC and
pulmonary artery thromboembolism can be caused
both by the local (for example, incomplete removal of
tumor masses from the IVC, damaging the vascular
wall) and the systemic (hypercoagulation, associated
with impaired rheologic properties of the blood, slowed
circulation with a background of limited mobility at the
early post-surgery period) factors. The proven risk
factors of developing the pulmonary embolism are
the cardiac rhythm disorders, which emphasizes the
significance of cardiac monitoring and of the correction
of arrythmias.

Myocardial infarction at the early post-surgery
period after nephrectomy with IVC thrombectomy is
more characteristic for patients with atherosclerotic

lesions in the coronary vessels, which determines the
necessity of arranging the coronary angiography and,
according to the indications, re-vascularization of the
myocardium within the framework of the preoperative
preparation [45].

Organ insufficiency

Nephrectomy with IVC thrombectomy, especially
in cases of level llI-IV thromboses, bear the high risk
of developing the functional insufficiency in separate
organs and systems, as well as the risk of multi-organ
insufficiency syndrome at the early post-surgery
period. Within the structure of such complications, the
expectably predominant is the acute kidney damage
(up to 53.9%), which, generally, with a greater or lesser
severity degree develops during the first 24 hours after
surgery. The acute kidney damage is far from always
becoming an indication to the renal replacement
therapy (according to the data from various authors,
only in 1.0-3.9% of the cases). The pathogenesis of
these complication is, most probably, based on the
decreased volume of circulating blood, on the changes
in the renal hemodynamics and on the decreased
volume of the functioning renal parenchyma. Based on
the this, intraoperatively and during the postoperative
period, it is necessary to thoroughly control the urine
color, the diuresis, the blood levels of creatinine, urea
and electrolytes, as well as to timely and justifiably
employ the necessary measures (increasing the
volume of circulating blood, controlling and normalizing
the hemodynamic parameters, arranging the diuretic
therapy and, according to indications — renal
replacement therapy) [6, 45, 52].

Cardiac insufficiency develops in an average of
71% of the patients, approximately in three (0-12)
days after surgery. Generally, cardiac insufficiency
is a component of the multi-organ insufficiency
syndrome, with this, up to 1/4 of the patients having
this component as a part of multi-organ insufficiency
syndrome, decease within the In-Patient Department.
The main measure of preventing this complication is
the control of hemodynamic parameters, the correction
of the volume of circulating blood and the adequate
anticoagulant therapy [6].

The development of respiratory insufficiency,
reported in 4.7-10% of the patients, is associated
with postoperative pneumonia, sepsis, progressive
cardiovascular insufficiency, in single cases with
fulminant progression of pulmonary metastases [6].

Hepatic failure is being diagnosed in an average of
5.3% of all the observations. The impaired functions
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of the liver can become the residual event, caused
by the long-term impaired hepatic circulation. The
laboratory parameters of hepatic dysfunction related
to the obstruction of the IVC, persists for up to half a
year after re-canalizing the hepatic veins and the IVC
[54, 55]. In part, the impairment of the liver functions
can be resulting from the intraoperative ischemia.
Besides, oftentimes hepatic failure is accompanied by
the acute kidney damage. The main approach to the
correction of this condition is the infusion therapy [6].

Nephrectomy with IVC thrombectomy, being
a long-term and complex surgical intervention,
oftentimes (up to 10% of the cases) is characterized
by the dynamic acute intestinal obstruction during the
postoperative period. The diagnostics of this condition
requires ruling out the mechanical reasons. In cases
of confirmed functional etiology of the dynamic acute
intestinal obstruction, the sufficient positive effect can
be provided by the early mobilization of the patient,
by pro-kinetic therapy, as well as by the treatment
aimed at adequate analgesia, at restoring the volume
of circulating blood and the hemodynamic balance, at
decreasing the inflammation, at the decompression of
the gastrointestinal tract and tube feeding [56].

CONCLUSION

The key tasks for the anesthesiologist-intensivist
are the preoperative evaluation of the surgery and
the anesthesiology risks, the intra- and postoperative
risk of cardiovascular complications defined with
the participation of specialists from the adjacent
specialties, the treatment of anemic syndrome using
various correction methods, the evaluation and
correction of the nutritive status, the preparation of
the patients, in which surgical treatment is planned,
with the minimization of the possible complications
for the safest course of surgery and for the maximally
comfortable early rehabilitation.

At the present moment, the criteria for selecting
the patients for carrying out this extremely traumatic
surgical intervention — the nephrectomy with IVC
thrombectomy — are not established, there are no
standardized algorithms for preoperative preparation,
for the intra- and postoperative managing the patients
with renal cell cancer, complicated with tumor
thrombosis of the inferior vena cava. Summarizing the
experience of anesthetic management and intensive
therapy with further standardization of the diagnostics,
follow-up and conservative therapy protocols will
allow for increasing the survival and the quality of life
for this complex cohort of patients.
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Microcystic Macular Edema: Clinical Significance and Pathogenetic
Mechanisms
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ABSTRACT

Microcystic macular edema represents a specific type of intraretinal cystic changes, localizing predominantly
in the inner nuclear layer and detectable using the optical coherence tomography. Contrary to the classic
concepts on the macular edema as a result of vascular permeability, microcystic macular edema is not
accompanied by exudation and it is perceived as the manifestation of neuroglial dysfunction, often associated
with the damaging of the optic nerve. Initially described in patients with multiple sclerosis, microcystic macular
edema was subsequently detected in the wide spectrum of diseases, including glaucoma, neuromyelitis
optica spectrum disorders, diabetic retinopathy, occlusion of the retinal veins, senile macular degeneration
and epiretinal membranes. The key pathogenetic mechanisms are considered the retrograde transsynaptic
degeneration of the ganglionic cells in the retina and the functional/structural damage of the Muller’s cells,
in particular, the impaired operation of the AQP4 aquaporin channels. The morphological features of the
microcystic macular edema, its location and clinical significance vary depending on the main disease and in
a number of cases can act as the early biomarker of the neurodegenerative process. The article contains the
pathophysiological models, the clinical correlates and the modern methods of the diagnostics of microcystic
macular edema with special emphasis on the role of multimodal visualization and artificial intelligence
technologies. Taking into consideration the rates of accidental detection and the potential relation to the
systemic diseases, microcystic macular edema should be considered not as an isolated ophthalmology
condition, but as the component of wider neuroretinal disorder requiring interdisciplinary approach to the
diagnostics and follow-up.

Keywords: microcystic macular edema; Muller’s cells; retinal neurodegeneration; optical coherence
tomography; retrograde degeneration.

For citation:

Danilova EA, Plokhikh IV, Djanbekova LM, Tyan AE, Nafikova Gl, Antipina Gl, Bikbulatova Al, Rybina YuA,
Khulagov MS, Batdyeva MI, Gaifullina KM, Vasilyeva 1V, Krivosheeva AE, Usmanov IA. Microcystic
Macular Edema: Clinical Significance and Pathogenetic Mechanisms. Journal of Clinical Practice.
2025;16(3):58-70. doi: 10.17816/clinpract680846 EDN: QAEGZM

Submitted 28.05.2025 Accepted 29.06.2025 Published online 09.07.2025

List of abbreviations

IR — infrared visualization GCL — ganglion cell layer
MME — microcystic macular edema INL — inner nuclear layer
OCT — optical coherence tomography RNFL — Retinal Nerve Fiber Layer

AQP4 (Aquaporin-4) — aquaporin-4 (the protein of | SCP — Superficial Capillary Plexus
water channels encoded by the AQP4 gene)
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MUKpPOKNCTO3HbIN MaKYNAPHbIN OTEK: KNTNMHNYECKOe 3HaYeHne
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AHHOTALUNSA

MUIKPOKUCTOSHBIN MaKyISPHbIM OTEK Npe[CcTaBaseT CoO0U Crieyneu4eCKui T UHTPapeTUHaIbHbIX KUCTO3-
HbIX USMEHEHWH, JIOKa/INIYIOLLMXCS MPEVIMYLLECTBEHHO BO BHYTPEHHEM SI4EPHOM CJ10€ U BbiSIB/ISIEMbIX C M0-
MOLLbIO ONTUHECKOM KOrepPEeHTHOM ToMorpagun. Borpeku kKinaccu4eckuM rpeacTaBaeHUsIM O MakyIsipHOM
OTéKe KaK CIeCTBUM COCYANCTON MPOHNLAEMOCTY, MUKPOKUCTOS3HBIN MaKy/IsIPHbIM OTEK HE COMpPOBOXAaeT-
CS1 BKCCyfaument v paccMaTpyBaeTCs Kak MposiB/IeHNe HenpornaabHou AUCYHKUMM, YaCcTO accoLmmnpoBaH-
HOWI C ropaxeHneM 3puTesIbHOro Hepsa. lepBoHa4YaibHO OMUCaHHBIN Y NaUNeHTOB C PacCesiHHbIM CKIepO-
30M MUKPOKNCTO3HbIN MaKyJ/IsipHbIV OTEK BIOCeACTBM Obli1 OGHaPY XKeH Mpy LLUVPOKOM CIIEKTPE aTosIorij,
BKJIHO4as1 rnaykomy, Hevipomuennt criektpa AQP4, anabeTndecKyro peTnHoONaTui, OKK/IO3UK0 BEH CETHATKY,
BO3PAaCTHYIO MaKy/IsipHYIO [ereHepauyuro v arvpeTviHaibHble MemMopaHbl. KmoYeBbiMy naTtoreHeTuYeCKMmN
MexaHU3MaMmy CHATaIOT PETPOrPaaHYHo TPaHCCUHANTUYECKYIO AereHepaumto raHrvo3HbIX KIIETOK ceT4yar-
Kn v (hyHKLIMOHAIbHOE/CTPYKTYPHOE HapyLLeHne KneTok Mionnepa, B 4aCTHOCTU HapyLleHne paboTbl akBa-
rnopuHoOBbIX kKaHanoB AQP4. Mopgonorudyeckme 0CO6EHHOCTY MUKPOKUCTO3HOIO MakyJssipHOro OTéka, ero
JIOKann3ayusi N KIMHWYECKOe 3Ha4YeHne BapbypyoT B 3aBUCUMOCTY OT OCHOBHOrO 3abosneBaHvis, a B psae
CJlyqaeB MOryT CIY>KUTb paHHUM BMOMapKepOM HenpodereHepaTnBHOro rnpowyecca. B cratbe paccmatpu-
BaKOTCSA NatousnNoiornieckme Mogesnv, KINMHNYeCKue KoppessThl U COBPEMEHHbIE METOAbI ANarHOCTUKN
MVIKDOKUCTO3HOIO MakyJIsipHOro OTéka C OCOObIM aKLUEeHTOM Ha POJib MYJIsTUMOZATIbHON BU3Yanmnsauymm
Y TEXHOJIOMMI UCKYCCTBEHHOIO UHTE/IIEKTA. YHYUTbIBasi 4aCTOTy C/ly4aiHOroO BbISIBIEHUS U MOTEHUMAIBbHYIO
CBSI3b C CUCTEMHbIMYM 3a00/1€BaHNSIMU, MUKDOKUCTO3HBIN MaKyIsPHbIA OTEK C/IeQyeT paccMaTpuBaTh HE Kak
N30MPOBaHHOE OTa/IbLMOIONNYECKOE COCTOSIHUE, a KaK KOMIOHEHT 60s1ee LLUVPOKOW HENPOPETUHAILHOM
rnarosioruy, TPebyroLLeN MeXXaUCLMITIMHaPHOo Nogxo4a K AuarHoCTyke v Hab/Ito4EeHWIO.

KnroueBbie crioBa: MVKDOKVCTO3HbIV MaKy/sipHbIV OTEK; KneTku Mioninepa; petnHanbHas HerpogereHe-
pauusi; onTudeckasi KorepeHTHasi ToMorpagvisi; PeTporpagHasi AereHepaLysi.

Ans yntupoBaHus:

Dannnosa E.A., Tnoxux W.B., >xaH6ekoBa J1.M., Tan A.E., Hacdwmkosa IW., AHTunuHa ., Bukbyna-
ToBa A.W., PeibnHa tO.A., XynaroB M.C., bargpieBa M.U., landynnuHa K.M., Bacuneesa W.B., Kpuso-
weesa A.E., YcmaHoB V.A. MUKPOKNCTOSHbI MaKynSPHbIA OTEK: KIMHNYECKOE 3Ha4YEHWE 1 NaTOreHeTUYECKME
MexaHu3Mmbl. KnvHndeckas npaktuka. 2025;16(3):58-70. doi: 10.17816/clinpract680846 EDN: QAEGZM

MocTtynuna 28.05.2025 MpuHaTa 29.06.2025 Ony6nukosaHa online 09.07.2025

INTRODUCTION

Microcystic macular edema (MME) represents
a specific form of retinal disorder, characterized by
the formation of clearly delimited cystous cavities,
predominantly in the inner nuclear layer (INL) and
detectable by means of optical coherence tomography
(OCT) [1, 2]. Initially described by J.M. Gelfand et al. [3]
in patients with multiple sclerosis and optic neuritis,

MME was subsequently revealed in a number of
ophthalmological and systemic diseases, including
the optic neuropathies, the diabetic retinopathy, the
epiretinal membranes and the neurodegenerative
processes in the central nervous system [4-7].

Unlike the diabetic macular edema and the senile
macular degeneration, MME is not associated with
significant vascular or inflammatory disorders,
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which allows for considering it an independent
clinical-pathogenetic entity [8]. The most probable
mechanisms of its development are considered the
retrograde transsynaptic degeneration of the ganglionic
cells and the dysfunction of the Muller’s cells, however,
their interrelation and the contribution in the clinical
signs require further research [8].

MICROCYSTIC MACULAR EDEMA:

GENERAL PROVISIONS

Pathogenetic mechanisms

The development of MME is related to several
key pathogenetic mechanisms, the basic of which is
believed to be the retrograde transsynaptic degeneration
(table 1) [9-17]. Unlike the classical forms of macular
edema, related to vascular permeability, in cases of
MME, there is no exudation present, which is confirmed
by the results of OCT and angiography [9-11].

Retrograde degeneration developing after the death
of ganglionic cells and their axons is accompanied by
the damage of the structure of bipolar neurons in the
INL, which results in the development of intraretinal
cavities [12-14]. A clear correlation is observed between
the zones of visual field loss and the topography of
cystous changes, which emphasizes the secondary
(neurodegenerative) origin of MME.

The dysfunction of the Muller’s cells is another
significant factor of pathogenesis. These glial cells
support the water-ion homeostasis of retina, including
the use of aquaporin channels (Aquaporin-4, AQP4).
The impairment of their functions, including the one
developing under the effects of autoantibodies (for
example, in cases of the neuromyelitis of the optic

REVIEW

nerve), can lead to the intraretinal accumulation of fluid
with no signs of vascular leak [11, 12, 15].

Mechanical impact — the vitreomacular traction —
is perceived as an additional but not universal
mechanism. Though the tension in the vitreous body
can enhance the formation of cysts, it is not the
obligatory condition for their development [16].

The possible additional link is the inflammatory
component, especially in cases of multiple sclerosis, in
which the internal retina can be involved into the subclinical
inflammatory process [3, 17], however, the clear relation
between the presence of MME and the activity of multiple
sclerosis is not determined as of today.

Thus, MME represents a multifactorial phenomenon
occurring with a background of axonal loss, glial
dysfunction and possible participation of inflammation.
The role of each of these components may vary
depending on the main disease.

Specific features of visualization

MME manifests with hyporeflexive cystous
structures, predominantly of parafoveal location, more
often in the lower part of the INL, showing the shape of
an arch or a crescent. These changes are well visualized
upon the spectral OCT as the zones of local decrease
in the reflectivity, corresponding to the intraretinal
cavities [11]. According to the data from B. Wolf et al. [11],
in the lower third of the cysts, hyperreflective inclusions
can be found, especially in cases of optic nerve atrophy.
OCT-tomography of the macular profile (face map) has
shown the predominant location of cysts in the upper
and nasal quadrants (72%), while in cases of multiple
sclerosis, even distribution was observed [3, 11]. In the

Pathogenetic mechanisms of microcystic changes in the macula in cases of optic nerve damage

Mechanism

Neurodegeneration

Mechanical effects on the vitreous body with the
thinned retina after the death of ganglionic cells;
leading to microschisis

Vitreomacular traction

Retrograde transsynaptic
degeneration

Dysfunction
of the Muller's cells

Inflammatory mechanism
(including the multiple
sclerosis)

Backbone of the mechanism

Atrophy of the axons and ganglionic cells in the retina,
leading to secondary degeneration of INL

Secondary degeneration of post-synaptic bipolar
neurons in the INL after the death of ganglionic cells

Impaired homeostasis of fluid and ions in the retina
due to the damage or dysfunctions of the gliocytes
(including AQP4)

INL as a target for inflammation, especially
in multiple sclerosis; MME may correlate
with the neurological deficit

Table 1
Sources Note
[9-11] Main background
mechanism
Cause-and-effect
[16] ;
relation not proven
[12-14] The .most prob.able
main mechanism
Confirmed for ONM
[11,12, 14] and hereditary
opticopathies
No univocal relation
[3, 13, 17] to the activity of

inflammation

Note. ONM — neuromyelitis optica; MME — microcystic macular changes; INL — inner nuclear layer of retina; AQP4 —

aquaporin-4.
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glaucoma-affected eyes, MME is more often detected
in the lower hemisphere of the retina [18], which can
reflect the topographic features of neurodegeneration
in various forms of optic neuropathy.

Infrared (IR) visualization and red-free images allow
for visualizing the characteristic arch- or ring-shaped
obscuring caused by the diffraction with a background
of cysts [14, 19]. Adaptive optics also reveals the oval
hyporeflexive structures that indicate the degeneration
of the INL cells [19].

Fluorescent angiography in the majority of cases
does not reveal exudation, which confirms the
non-vasogenic nature of MME [11], however, separate
cases describe the diffuse leakage of fluorescein into
the INL, indicating the probable partial impairment of
the hematoretinal barrier [20].

Data from OCT-angiography supplement the
pathophysiological findings: a correlation was found
between MME and the disorders in the superficial
capillary plexus (SCP), which can indicate the
microvascular component of the pathogenesis [21].

Thus, the combined set of imaging methods (OCT,
OCT-angiography, infrared visualization, adaptive
optics) ensures the accurate diagnostics of MME and
promotes to its differentiation from other forms of
maculopathy (table 2) [3, 11, 18-21].

MICROCYSTIC MACULAR EDEMA IN CASE

OF THE OPTIC NERVE DISORDERS

The MME is associated with a broad spectrum of
optical neuropathies, both acquired and hereditary,

including multiple sclerosis, optic neuritis, glaucoma,
compression-related and ischemic forms, as well as
the Leber’s disease and the autosomal dominant optic
atrophy (table 3) [1, 3, 6, 11-13, 17, 18, 20-36].

Multiple sclerosis

First described by J.M. Gelfand et al. [3], MME in
multiple sclerosis occurs in 4.7-6.1% of the cases
and is more associated with the preceding optic
neuritis [3, 13]. Its presence correlates with the worse
neurological parameters defined when using the
Expanded Disability Status Scale (EDSS) and the
Multiple Sclerosis Severity Score (MSSS), as well as
with the decrease of vision acuity and thickening of
INL [13, 20, 22]. The main pathogenetic hypotheses
include the inflammatory damage of INL, the
retrograde transsynaptic degeneration and the glial
dysfunction related to the autoantibodies to KIR4.1
(inwardly rectifying potassium channel) and AQP4
[17, 20]. With the progression of the disease, thinning
is observed in the inner layers of retina along with the
worsening of visual functions [23-25].

Neuromyelitis optica

The rate of developing MME in cases of optic
neuritis reach 20-40% and, generally, it is limited
to the eyes with past history of optic neuritis [3, 21,
26-29]. The pathogenesis includes autoimmune
impairment of the Muller’s cells via the AQP4-IgG and
further glial dysfunction increasing the retrograde
degeneration [28]. According to “two-hit” hypothesis [12],

Table 2
Specific visualization features in cases of microcystic macular changes
Visualization method Characteristic findings Source Note
Spectral OCT Hyporeflfexwe arch-shaped microcysts, [11] Reflecting thg intraretinal
predominantly in the lower part of INL cavities
) Predominant location in the upper Variability of distribution
OCT, face map profile and nasal quadrants (72%) (] in various diseases
OCT in multiple sclerosis Even d|st.r|but|on of microcysts 3] . Spe0|_f|c features_
in the macula in multiple sclerosis
. Microcysts in the lower Possible locational
OCTin glaucoma hemisphere of the retina 18] susceptibility
IR-visualization, Obscuring, arch-shaped [14, 19] Relate to the diffraction
red-free filter and ring-shaped structure ’ of IR-radiation
Adaptive optics Oval-shaped hyporeflexive structures [19] Degeneration of the INL-cells
. Absence of exudation, in some cases — Supportlng
Fluorescent angiography moderate leakage [11, 20] the non-inflammatory
9 nature of the MME
OCT-angiography Impairment of SCP, correlation with MME [21] Role of microvascular changes

Note. OCT — optical coherence tomography; IR — infrared visualization; MME — microcystic macular changes; INL — inner

nuclear layer or retina; SCP — superficial capillary plexus.
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Table 3
Microcystic changes in the macular in various forms of optic neuropathy
Neuropathy type Specific features of the MME Proposed Sources
MME in 4.7-6.1% of the patients Neuroinflammation,
Multible sclerosis were associated with episodes dysfunction of the Muller's cells, ' [3, 6, 13, 17,
P of ON, thickening of INL, autoantibodies to KIR4.1 20, 22-30]
impaired visual functions and AQP4
MME in 20-40% of the patients, Antibodies to AQP4,
Neuromyelitis optica spemﬁgglly in the eyes with pgst .optlc glial dysfunctllon, retrograde [3, 12, 21,
neuritis, more expressed thinning degeneration, vascular 26-28]
of the RNFL and GCL impairments of the SCP
Non-inflammatory optical MME in 8.8-20.4% of the eyes Retrograde transsynaptic [12, 19
neuropathy (ischemic, correspond to the zones degeneration, P
; ) . . 30-32]
compression-related etc.) of lost nerve fibers vitreomacular traction
Hereditary optical Ring-shaped perifoveal distribution . . .
neuropathy (ADOA, of cysts, matching with the zones :?:lillt%(js?sgﬁji:'al\ﬁ%igi?;g?&n [19, 33, 34]
LHON) of RNFL and GCL loss 9 Y.
Non-arteritis anterior Transitory MME during the INL acute Impaired blood-brain barrier,
. . . 7 : ) [12, 30,
ischemic optical phase; in some cases — stable dysfunction of the Muller's cells, 35, 36]

neuropathy

changes in several months

glymphatic insufficiency

Note. MME — microcystic macular edema; ON — optic neuritis; INL — inner nuclear layer; KIR4.1 — potassium channel,
associated with Muller’ cells; AQP4 — aquaporin-4; RNFL — retinal nerve fiber layer; GCL — ganglion cell layer;
SCP — superficial capillary plexus; ADOA — autosomal dominant optical atrophy; LHON — Leber’s disease.

the development of MME requires a combination
of axonal loss and glial damage. Data from
OCT-angiography show the presence of microvascular
disorders in the SCP, which can reflect the additional
vascular component of pathogenesis [21].

Other neuropathies

MME is also observed in cases of non-inflammatory
optical neuropathies — ischemic, traumatic,
compression-related or hereditary [6, 12, 30].
Histologically they are accompanied by degenerative
INL cavitations with no signs of inflammation [31]. The
spatial location of the cysts detected using the infrared
visualization and adaptive optics corresponds to the
zones of ganglionic cells density [32].

In cases of autosomal dominant optic atrophy and
Leber’s disease, MME is detected in 5-20% of the
cases, predominantly in the perifoveal zone [19, 33]. It
is suggested that vitreoretinal adhesion can enhance
the cavitation of the retina with a background of
mitochondrial insufficiency [12, 34].

In case of non-arteritic anterior ischemic optic
neuropathy (NAION), transient “peripapillary MME”
was described, resolving within one month, probably,
due to the impaired hematoretinal barrier and glial
dysfunction [30, 35, 36]. In a number of cases, classic
MME was developing months after an acute episode,
which corresponds to the pattern of transsynaptic
degeneration [12].

Glaucoma

MME was first described in glaucoma patients as
the manifestation of severe axonal loss [11]. According
to the data from T. Hasegawa et al. [18], microcysts
were detected in 6% of the patients with primary
open-angle glaucoma, predominantly at the later
stages of the disease. Their presence correlated with
the localized defects of the retinal nerve fiber layer
(RNFL) and with the thinning of the ganglion cell layer
(GCL), while in cases of severe total decompensation
(average deviation <15 dB) MME was not registered.

The mechanism of MME in glaucoma, besides
retrograde degeneration, can include mechanical
instability in the inner retinal layers with a background
of RNFL/GCL thinning and INL tension [18]. According
to N. Murata et al. [37], the occurrence rate of MME
was 1.6%, with this, the surface area of the microcystic
changes was related to the impaired central field of
vision. J. Brazerol et al. [38] have also found the rate
of 3% of the cases, supposing that the thinning of
the ganglion layers is accompanied by compensatory
thickening of the internal nuclear/external plexiform
layers and the development of cysts designated as the
manifestation of “retrograde maculopathy”.

The research by K.. Jung [39] has shown that
the thickening of the INL can precede the formation
of MME, acting as the early marker of glaucoma
progression. Additionally, the variations of intraocular
pressure can induce reactive gliosis of the Muller’s
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cells, increasing their functional load and facilitating
the development of cystous changes [39-42]. Despite
this, G. Mahmoudinezhad et al. [43] did not confirm the
presence of statistically significant association between
MME and the rate of glaucoma progression, estimated
by the mean deviation (MD) and by the visual field
index (VFI). Nevertheless, the authors have noted the
clear location of the retinal microcysts predominantly
in the lower hemisphere of the retina (84%), which
corresponds to the zone of typical glaucoma-related
damage of the upper vision field [3, 44]. It was
also noted that MME is not related to the epiretinal
membranes, which rules out the vitreomacular traction
as the leading mechanism [18, 44].

Thus, MME in glaucoma can be considered as
the potential morphological marker of progressive
central damaging of the optic tract, related to the glial
dysfunction, to the local neurodegeneration and to the
instability of inner retinal layers.

MICROCYSTIC MACULAR EDEMA IN CASES

OF NEUROLOGICAL DISEASES

Microcystic changes in the retina are considered
as the potential manifestation of transsynaptic
retrograde degeneration in cases of disorders in the
central nervous system. The research works confirm
the degeneration of RNFL and GCL in patients with
congenital abnormalities in the brain, with ischemic
strokes and craniocerebral injuries, which is being
associated with the loss of trophic support from
the cortical neurons [45-47]. However, in single
lesions of the posterior segments of the optic tract
(for example, after hemispherectomy), MME was not
found [48], which encouraged W.A. de Vries-Knoppert
et al. [49] to differentiate the direct axonal and the
transsynaptic degeneration. Only in cases of anterior
impairment (chiasm, retrobulbar compression) the
thinning of the retinal nerve fiber layer / ganglionic
cell layer is registered with the inner plexiform layer
and INL thickening along with the development
of MME. The authors have isolated three types
of degeneration [49] — the direct retrograde (the
aggressive one with the development of MME), the
local transsynaptic (restricted and slowly progressing)
and the widespread transsynaptic (in cases of massive
lesions, accompanied by axonal instability).

M.L. Monteiro et al. [50] have investigated
26 patients with chiasmal compression and found that
MME is detected upon using the OCT in 35.3% of the
eyes, while the hyporeflexive zones at the IR-image —
in 64.7% of the cases. In total, signs of retrograde

maculopathy were found in 58.8% of the eyes.
Hyporeflexive foci were especially often detected in
cases of striated atrophy, even in the absence of cysts
in the OCT data, which emphasizes their diagnostic
value in chronic disorders.

Thus, in cases of neurological disorders, no
MME can be detected at the later phases, however,
IR-visualization allows for revealing signs of retinal
degeneration. This emphasizes the significance of the
combined approach with using OCT and multispectral
visualization for the evaluation of various stages of
transsynaptic degeneration.

MICROCYSTIC MACULAR EDEMA IN CASES

OF EPIRETINAL MEMBRANES

Epiretinal membranes may cause the development
of intraretinal cysts, morphologically similar to MME,
even in the absence of fluorescein leakage [51-54].
This calls into question their relation to the classical
cystoid edema and allows for considering such
changes as the manifestation of traction-related or
retrograde maculopathy.

The research by A. Govetto et al. [16] has revealed
MME in 55% of the patients with epiretinal membranes
and glaucoma versus 11.3% of the patients without
glaucoma. After vitrectomy, cysts were disappearing
only in patients without glaucoma, which shows the
role of retrograde component in the optic neuropathy.
Mechanical tension of the epiretinal membranes can
disrupt the functioning of the Muller’s cells, blocking
the reabsorption of fluid and stimulating the formation
of cysts [55, 56].

The combination of epiretinal membranes and
glaucoma increases the risk of MME [57]. Research
works demonstrate both the regress of cysts after
surgery and their repeated occurrence [56, 58, 59].
A number of authors relate these changes to the
retrograde maculopathy triad — thinning of GCL,
thickening of INL and formation of cysts [56].
However, the effect of MME on the vision prognosis
remains disputable: some data show the absence of
correlation, others show the worsening of outcomes
in patients with significant MME and with an ectopy of
the foveal layer [60].

Histologicallyy, MME in case of epiretinal
membranes is resulting predominantly from the
mechanical damage of the Muller’s cells, not from
the neurodegeneration. MME is often detected with
mature (stage IllI-IV) epiretinal membranes, but
extremely rarely — in cases of macular holes [61],
which confirms the role of chronic traction.
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Thus, MME in cases of epiretinal membranes
forms due to the mechanical destruction of glial cells,
especially with a background of glaucoma, which
requires taking it into consideration in the surgical
tactics and when predicting the functional outcome.

Macular diseases

Water homeostasis of the retina is provided by
a number of mechanisms, not depending on the
hematoretinal barrier [8]. Excessive fluid may be
produced even in the absence of inflammation or
vascular leakage, which is caused by the absence
of lymphatic system, by high metabolism in the
photoreceptors and by the constant osmotic gradient
between the vitreous body and the vascular membrane.

The removal of fluid is carried out by means of
the activity of pigmented epithelium (retinal pigment
epithelium, RPE), by the osmotic pressure of the
choroid and by the functioning of the Muller’s cells,
which regulate the ion transport, absorb water and
promote to its relocation to the choroid. These cells
also affect the functioning of the retinal pigmented
epithelium, including the regulation of the synthesis of
vascular endothelial growth factor (VEGF) [62-64].

The macular zone is especially affected by
the accumulation of fluid due to its high metabolic
activity and the anatomic features, namely, the
dense architecture, the adjacency to the premacular

REVIEW

space and the fragile regulatory system relocating
the fluid [65, 66].

In cases of abnormalities impairing the functioning
of the Muller’s cells (neurodegeneration, hypoxia, traction)
or the pigmented epithelium (for example, in senile
macular degeneration), non-exudative accumulation of
fluid may develop, which form the basis of developing
microcystic changes and other non-vasogenic forms of
macular edema (table 4) 1, 8, 66-80].

Senile macular degeneration

Microcystoid lesions, morphologically similar to
MME, may be detected at the later stages of both
the atrophic and the exudative form of senile macular
degeneration [8]. Among them, there are external
retinal canaliculi, the subretinal transitory hyporeflexia
and pseudocysts, developing mostly due to the
degeneration of the Muller’s cells. Such lesions do not
show any leak upon fluorescent angiography and they
are characterized by chronic course with a background
of metabolic decompensation of neuroretina.

External retinal canaliculi represent the stable
hyperreflexive structures in the external layers, unlike
the regressing MME [66]. The subretinal transitory
hyporeflexia, on the contrary, has a transient course and
does not involve the internal layers [67]. Pseudocysts
in geographic atrophy are registered in ~27% of the
cases [68], with this, they are not associated with a risk

Table 4
Microcystic changes in the macula in cases of macular diseases and retinopathies
Disease Type of changes Characteristics and pathogenesis Sources
Degenerative non-vasogenic changes, not accompanied
Senile macular Pseudocyst, by exudation, related to the impaired functions [8, 66-70]
degeneration ERC, STH of the RPE and the Muller's cells. Differ from the MME ’
by the location and stability
Diabetic PMC, thickening Early glial .dysfunctlon, changes without exudation,
retinopath of INL more in the nasal and temporal quadrants. [1,71,72]
pathy Precedes the classical DME
Retinal vein Often combined with glaucoma, associated
. MME with unfavorable prognosis. Resistant to therapy [73, 74]
occlusion } >
in cases of concomitant glaucoma
Macular Cvstous Early loss of the Muller's cells, degenerative mechanism,
telangiectasis Y absence of response to anti-VEGF, possible development [75-77]
changes
of type 2 of secondary macular holes
Central serous Degenerative Chronic form, no exudation, in the external layers of retina,
) . : - [78, 79]
chorioretinopathy cysts often with pachychoroid changes
Hereditary retinal Reported in cases of various hereditary abnormalities,
y Cystic changes predominantly of degenerative nature, [80]

dystrophies

Note. ERC — external retinal canaliculi; STH — subretinal transitory hyporeflexia; PMC — pseudomicrocystic changes;
DME — diabetic macular edema; MME — microcystic macular changes; RPE — retinal pigment epithelium; INL — inner

up to 30% without exudation

nuclear layer; VEGF — vascular endothelial growth factor.
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of secondary exudation [69]. Degenerative cysts in
cases of exudative senile macular degeneration can
persist with a background of anti-VEGF therapy [70],
however, they differ by the pathogenesis and they are
not associated with neuroglial mechanisms.

Upon the development of diabetic retinopathy,
MME with pseudomicrocystic changes occurs
already at the early stages, before the development
of vasculopathy. According to the data from R. Forte
et al. [71], pseudomicrocystic changes were observed
in 14% of the eyes with intact vision acuity, but
with decreased photosensitivity. These changes
are accompanied by thickening of the INL, which
indicates the glial dysfunction before the development
of macular edema [72].

The morphology of pseudomicrocystic changes
in cases of diabetic retinopathy differs: the cysts are
elongated, with blurred margins, localizing at the nasal
and temporal quadrants of the macula. It is suggested
that they reflect the hypoxia-induced impairment
of the Muller's cells, enhanced by the impaired
chorio-capillary perfusion [1].

Thus, in cases of senile macular degeneration,
just like in the diabetic retinopathy, microcystic
changes represent a result of various pathogenetic
mechanisms — degenerative, hypoxic or glial. Their
detection has a differential-diagnostic and prognostic
value, especially at the early stages of the disease.

Retinal vein occlusion

MME often occurs after the retinal vein occlusion,
especially in the untreated cases. According to the
data from the retrospective research by A. Francone
et al. [73], MME was detected approximately in 70%
of the eyes with retinal vein occlusion. Notably, the
concomitant glaucoma was a significant risk factor
of developing MME in cases of retinal vein occlusion.
In the eyes with combined disease (retinal vein
occlusion + glaucoma), there was a larger number
of cystoid cavities and a more significant decrease
of the best corrected vision acuity comparing to the
isolated retinal vein occlusion. After the anti-VEGF
therapy, MME persisted in 44% of the cases when
combined with glaucoma, while in the isolated retinal
vein occlusion — only in 15%. However, even in the
latter group, the presence of MME was associated with
increased risk of edema recurrence, of the shortening
inter-interval period between the injections and the
necessity of longer supportive therapy [74].

The obtained data emphasize that MME in cases
of retinal vein occlusion can be considered a marker

of unfavorable functional prognosis, especially in the
settings of glaucoma-related optic neuropathy, where
the glial mechanisms of compensating the hydration
balance are initially abnormal.

Other diseases

Macular telangiectasis type 2 is characterized by
early cystous changes in the inner layers of retina and
by whitening of the parafovea. Histologically confirmed
reduction of the Muller’s cells indicates their central role
in the pathogenesis. The progression is accompanied
by the degeneration of the external layers and of the
photoreceptors, as well as by the risk of developing the
secondary lamellar macular hole [75, 76]. Anti-VEGF
therapy is ineffective and it can aggravate the atrophic
changes [77].

Central serous chorioretinopathy in its chronic form
may be accompanied by cystoid lesions with no signs of
leakage, predominantly in the external layers of retina.
Such changes are often resistant to the therapy and
are associated with pachychoroid morphology [78, 79].

Hereditary retinal dystrophy, including the S-cone
syndrome, the Best disease and the pigmented retinitis,
are also accompanied by microcystic changes. In part
of the patients (up to 30%), the cysts are not detectable
when using the fluorescent angiography, which
confirms their degenerative nature [80].

Thus, MME can be found in a wide spectrum of
diseases — from vascular to hereditary, reflecting the
universal mechanisms of glial dysfunction or of the
structural depletion of neuroretina.

DISCUSSION

MME represents a phenotypically recognizable but
pathogenetically heterogeneous condition occurring
during multiple ophthalmology and systemic diseases.
Modern data indicate that the development of MME
is the result of several interacting pathophysiological
mechanisms, including the neurodegeneration, the glial
dysfunction and the impairment of water homeostasis.
Though most commonly MME is associated with
chronic disease of the optic nerve, its presence was also
documented in cases of senile macular degeneration,
diabetic retinopathy and retinal vein occlusion.

Retrograde transsynaptic degeneration is traditionally
concerned as a central pathogenetic mechanism,
especially during the neurodegenerative diseases
of the optic tract, however, mounting evidence
underlines the key role of the dysfunction of the
Muller’s cells, the glial elements of retina, responsible
for water-ion balance and the structural support of
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the inner retina [31, 81]. Specifically — in recent years,
the participation of AQP4 channels, expressed by the
Muller’s cells, gains more attention. Their functional
incompetence, mediated by the autoantibodies in
cases of optic neuromyelitis, results in the impaired
transcellular water transport and the development of
MME. At the same time, there are data that indicate the
more multi-purpose role of AQP4 in the development
of MME, including cases of multiple sclerosis. The
interaction of AQP4 with Kir4d.1 Potassium channels,
also expressed by the Muller’s cells, maintain the
osmotic balance in the retina. The impairment of
the combined regulation of these channels lead to the
decreased resorption of fluid and to the development
of the intra-retinal cysts [1, 16].

The additional role in the impaired functions of
the Muller’s cells can be played by the mechanical
damage, especially in cases of epiretinal membranes.
Research works have demonstrated that delamination
of INL during the surgery for epiretinal membranes can
aggravate the damage of glial cells, resulting in the
increased rates of postoperative MME [61]. Thus, the
unifying link for the multitude of various diseases is the
impairment of the functional or structural integrity of
the Muller’s cells, which results in the dysregulation of
AQP4 and water homeostasis.

Separate attention deserves the topography of
microcystic changes, which are in many cases localized
predominantly at the nasal and temporal quadrants of
the perimacular area. Such selectivity can be resulting
from the specific anatomical features of the vascular
system of the choroid, in particular, the watershed
areas between the basins of posterior ciliary arteries
located between the central fovea and the optic nerve
disc. These zones can be more vulnerable to hypoxic
or ischemic effects [82].

Interesting observation is the registration of
hyperreflexive inclusions in the macular zone in
patients with senile macular degeneration and
diabetic retinopathy, which can represent the
activated microglial cells. This indicates the probable
involvement of the inflammatory cascades at the early
stages of degenerative and vascular retinal diseases,
predisposing to the development of MME [83].

Despite the clearly defined morphological
characteristics, clinical significance of MME remains
a matter of discussion. The MME is not always
accompanied by impaired vision acuity, especially at
the early stages, however, in patients with multiple
sclerosis and senile macular degeneration, the
presence of MME was associated with the worsening
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of the functional parameters and with the decreased
sensitivity of the retina [3, 13, 28]. At the same time,
in cases of myelitis, such associations are less clearly
trackable, while the intensity of MME does not correlate
with the total level of neurological incapacitation.
Thus, MME should be estimated not as an
independent nosological entity, but as a morphological
marker of neuroglial balance destabilization at the
macular zone. Its detection can act as an alarm signal
both for the ophthalmologists and for the neurologists,
pointing out the necessity of deeper structural and
systemic examination arranged for the patient.

CONCLUSION

Microcystic macular edema represents
a non-specific manifestation of impaired water
homeostasis in the retina, associated predominantly
with the dysfunction of the Muller's cells and
retrograde neurodegeneration, observed in a wide
spectrum of diseases — from the damage of
the optic tract to the vascular, degenerative and
hereditary retinopathies, which requires accurate
differential diagnostics. Due to the presence of
modern visualization methods, MME gains the value
as an important morphological marker, capable of
indicating an occult disorder, which emphasizes the
clinical-diagnostic value of MME and the necessity of
further cross-disciplinary research.
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Differential Diagnostics of Non-Small-Cell and Small-Cell Lung
Cancer: Modern Approaches and Promising Technologies

M.Yu. Konoshenko' 2, E.V. Shutko' 2, O.E. Bryzgunova® 2, A.A. llyushchenko?, Ya.M. Danilova?,
S.D. Gorbunkov?, K.A. Zykov?, P.P. Laktionov' 2

1 Institute of Chemical Biology and Fundamental Medicine, Novosibirsk, Russia;

2 Pulmonology Scientific Research Institute under Federal Medical and Biological Agency of Russsian Federation, Moscow Russia

ABSTRACT

Lung cancer represents a heterogeneous group of malignant neoplasms, among which two main forms can
be distinguished — the non-small-cell and the small-cell lung cancer. These subtypes significantly differ by
the histological, the molecular-genetic and the clinical characteristics, which defines the necessity of precise
differential diagnostics for selecting the optimal treatment tactics. The review highlights the modern methods
of diagnostics for the non-small-cell and the small-cell lung cancer, including the instrumental diagnostics,
the histological and immunohistochemical examinations. Special attention was paid to the pros and cons
of the promising non- and minimally invasive approaches, such as the analysis of circulating tumor cells,
of the extracellular DNA, of the miRNA, of the marker proteins, of the volatile organic compounds and of
the modern medical visualization (radiomics). Despite the significant progress in developing new diagnostic
approaches, the problems remain that are related to the heterogeneity of tumors, the limited accessibility of
the materials of small-cell lung cancer and the necessity of standardizing the new methods. The promising
direction seems to the integration of multimodal approaches, combining the fluid biopsy, radiomics and the
algorithms of machine learning, which can increase the precision of diagnostics and optimize the personalized
treatment of the patients with various subtypes of lung cancer.

Keywords: non-small-cell lung cancer; small-cell lung cancer; differential diagnostics; fluid biopsy;
radiomics.
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List of abbreviations

PET-CT — positron-emission tomography, combined
with computed tomography

LC — lung cancer

CTC — circulating tumor cells

FDA — USA Food and Drug Administration

NGS — next generation sequencing

IHC — immunohistochemical examination
CT — computed tomography

VOC — volatile organic compounds
SCLC — small-cell lung cancer

NSCLC — non-small-cell lung cancer
PCR — polymerase chain reaction

INTRODUCTION

Lung cancer (LC) is a heterogeneous group of
malignant neoplasms that differ by the histogenesis,
the molecular-genetic profile, the clinical course and
the treatment approaches. The source of tumor growth
is the cells of the surface epithelium of bronchial
mucosa, the mucosa of the bronchiolar glands and the

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

pulmonary alveoli [1]. As for the mortality, LC takes the
first place among men and second — among women
both in Russia and worldwide; as for the incidence
rates — also the first place among men, among
women — the second and the fifth worldwide and in
Russia, respectively [2, 3]. In total, LC remains the main
cause of cancer-related death with the approximate
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HAYYHbI OB30P

AndPepeHynanbHana ANArHOCTUKA HEMENKOKJIETOYHOro
N MeNKOKJ/IETOYHOIO paKa JIErkoro: CoBpemMmeHHble NoaxoAbl
N nepcneKTUBHbIe TEXHONOrnmn

M.10. KoHoweHko' 2, E.B. LLlytko" 2, O.E. BpbiaryHoBa' 2, A.A. noweHkKo?, 9.M. laHunosa?,
C.A. Nlop6yHkos?, K.A. 3bikoB?, IN.I1. JlTakTuoHos' 2

T VIHCTUTYT XMMUYECKOIA Bronorum 1 yHaameHTabHon MeauLyiHbl, HoBocmbupck, Poccus;

2 Hay4Ho-nccnenoBaTenbCKuii UHCTUTYT MynbMoHosorn defepanbHOro Meayko-61onoriyeckoro areHTcTea, Mocksa, Poccusi

AHHOTALINA

Pak nérkoro npencrasnsieT cobov reTepOreHHyr rpynry 3/10Ka4eCTBEHHbIX HOBOOBpa3oBaHuM, cpeau
KOTOPbIX BbIAE/ISIIOT [JBE OCHOBHbIE (DOPMbl — HEMEJIKOKI/IETOYHBLIN Y MEJTIKOKIETOYHbIV paK JIErkoro. 9tm
roATUMbI CYLLUECTBEHHO Pas/inyaroTcs 1o rmcTo0rNM4eCKUM, MOEKYISPHO-MEHETUHECKUM U KIIMHUYECKUM
XapakTepUCTVIKaM, YTO OrnpenesnsieT HeobXoaUMOCTb TOYHON A hepeHmanbsHON AnarHOCTYKM 4151 Bbl-
b60opa onTMasibHOV TaKTUKK JieHeHnsl. B 0630pe paccmaTprBaroTCs COBPEMEHHbLIE METOAb! ANarHOCTUKU
HEMEJIKOKJIETOYHOIO Y MEJIKOK/IETOYHOIO paka J1IErkoro, BK/IoYasi MHCTPYMEHTa IbHYIO ANarHOCTUKY, ric-
TOJIOMMYECKOE Y UMMYHOMMCTOXYMUYECKOe mccreqoBaHve. Ocoboe BHUMaHne yaeneHo rnancam n Mu-
Hycam repCcreKTUBHbIX HE- U MaslOMHBa3BHbIX MOAXOA0B, TakKUX Kak aHaans LUPKYIUMPYOLLNX Oryxose-
BbIX KJIETOK, BHeKneTo4Hou [JHK, mukpoPHK, 6e/1K0BbIX MapKepOB, JIETY4YMX OpraHn4eCKuX COeanHEHNI,
COBPEMEHHON MeAVNUMNHCKON BU3yanu3auum (PaauomMuky). HecMoTpsi Ha 3Ha4YuTesibHble ycriexu B pas-
paboTKe HOBbIX AUArHOCTUYECKUX MOAX0H[0B, COXPaHSKTCS rpobsieMbl, CBSA3aHHbIE C reTepOreHHOCTbH
OryXoJie, OrpaHNYeHHON JOCTYMHOCTBIO Matepurasia MeJIKOKIETOYHOO paka JIErKoro n HeobxoanMOCTbIO
CcTaHaapTu3aLnmy HOBbIX METOAOB. 1epCrneKTUBHbLIM HarpaB/IeHNeM MPeaCTaBISeTCs NHTErpawuuss MyibTu-
MogZasibHbIX MOAX0[0B, COYETAIOLUMX XUAKOCTHYIO BUOMNCUIO, PaaNOMUKY U airopUTMbl MALLUMHHOMO O6Y-
YeHUS], YTO MOXXET MOBbICUTb TOYHOCTb ANarHOCTUKU U ONTUMU3INPOBATh NEPCOHATN3NPOBAHHOE Jleve-
HMe NnaymneHTOB C pas/inyHbIMY o4TUNaMy paka JIErkoro.

KnrodeBbie cnioBa: HEMEIKOK/IETOYHbIN Pak IErKOro; MeJIKOK/IETOUHbIV paK 1Erkoro,; anggepeHLmaris-
Hasi AnarHoCTuKa; XUAKOCTHas bUorncusi; pagnoMmKa.

Ana yntupoBaHus:

KoHoweHko M.1O., LLytko E.B., BpbiaryHosa O.E., VntoweHko A.A., OaHunoa A.M., lop6yHkos C.[.,
3bikoB K.A., Jlaktnonos IN.1. OnddepeHumansHas agnarHocTuka HEMENKOKIETOYHOO U MESIKOKSIETOY-
HOMO paka NErkoro: COBPEMEHHbIE MOOXodbl U MEPCMNEKTUBHbIE TEXHONMOrMN. KaMHNYeCKas rnpakTuka.
2025;16(3):71-87. doi: 10.17816/clinpract688161 EDN: HVADZZ

MocTtynuna 25.07.2025 MpuHsTa 31.08.2025 Ony6nnkosaHa online 03.10.2025

statistics of 2.48 min of new cases and 1.84 min of
fatal outcomes annually [3], despite the decrease
in LC mortality in general within the last 10 years [4].
Though the incidence of LC among men is higher than
among women, two tendencies were simultaneously
observed — the decrease among men and the increase
among women [5]. The decrease of the incidence
among men is directly related to the decease in the
rates of smoking, at the same time, the incidence in
women gets increased to a greater extent among the
non-smokers and at the age older than 60 years [6].
Women are more prone to the development of LC,
not related to smoking, which the investigators
associate with the intersexual differences of the rates
of mutations in the epidermal growth factor receptor,

in the anaplastic lymphoma kinase and in the Kirsten
rat sarcoma homologue gene (Kirsten rat sarcoma,
KRAS) [7, 8].

CLASSIFICATION OF LUNG CANCER

The classification of LC is based on the histological
type of tumor and has the fundamental value for the
diagnostics, the prognosis and the choice of treatment
tactics. In the international clinical practice, the most
widely used classification is the one from the World
Health Organization along with dividing LC into two
main groups: the non-small-cell lung cancer (NSCLC),
which includes the most widespread adenocarcinoma,
as well as the squamous and the large cell subtypes,
as well as the small-cell lung cancer (SCLC), Fig. 1 [9].
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Lung cancer

Non-small-cell (~85-90%):

adenocarcinoma (~50-55%)

lung squamous carcinoma (~20-25%)
large cell lung cancer (~5-10%)

other varieties (~10%)

Fig. 1. Classification of lung cancer [8].

SCLC and NSCLC significantly differ by the origin, by
the interrelation with smoking, by the course, the prognosis
and the effective treatment (table 1)"2 [1, 2, 10-22].

' National Cancer Institute [Internet]. Cancer Stat Facts: lung

and bronchus cancer. Available at: https:/seer.cancer.gov/
statfacts/html/lungb.html

2 American Cancer Society [Internet]. Lung cancer survival
rates. Available at: https://www.cancer.org/cancer/types/lung-
cancer/detection-diagnosis-staging/survival-rates.html

Parameter
Incidence rate

Origin

Location and
features

Relation to
smoking
Subtypes

Typical mutations
Course

Treatment

Prognosis

Paraneoplastic
syndromes

Small-cell (~10-15%)

2025

Tom 16 v-3

SCLC is an aggressive and rapidly growing tumor,

Non-small-cell and small-cell lung cancer: key differences

NSCLC
86-89% — in males
90-93% — in females
Adenocarcinoma — glandular cells
producing the mucus.
Squamous carcinoma — epithelial cells

More commonly seen in the peripheral
zone (especially adenocarcinoma), less
frequently — in the central one (more
often — squamous carcinoma). The
tumor cells have signs of malignant
transformation of the epithelium

~84% of the cases (adenocarcinoma
can develop in non-smokers)

Adenocarcinoma, squamous, large cell

EGFR, KRAS, ALK, ROST1
Slow growth, late metastatic activity

Surgery — at early stages.
Chemotherapy — at stages Il, Il and
in some cases — at the B stage.
Radiation therapy.

Target therapy (inhibitors of EGFR, ALK).

Immunotherapy (PD-1/PD-L1)

Better (five-years survival rate ~32%
in total for all the stages)

Rare

SCLC
11-14% — in males
7-10% — in females
Neuroendocrine cells of the basal
epithelium in the bronchi

Central tumor, developing from the
submucosal layers of the airways as

the perihilar mass. The cells appear as
the spindle-like or round cells with sparse
cytoplasm, grained chromatin, necrosis is
often found

>96% of the cases

Pure SCLC,
combined (with elements of NSCLC)

Loss of TP53 and RB1

Aggressive growth, early metastatic
activity (into the brain and liver)

Surgical treatment is rarely used due
to the early metastatic spreading, only
for stage | (IA and IB) and in separate
cases at the stage Il with an obligatory
adjuvant chemotherapy.

Systemic chemotherapy (etoposide +
platinum) + immunotherapy
(Atezolizumab) + radiotherapy (optional).
Rapid development of resistance to
chemotherapy (often related to the loss
of TP53/RB1)

Worse (five-years survival rate <9%
in total for all the stages)

Often (SIADH, Cushing syndrome)

often metastasizing into the liver, the brain and the
bones, also, despite the initially reported sensitivity
to chemo- and radiotherapy, frequently and rapidly
developing the resistance with further development of
recurrences. Within this context, the timely differential
diagnostics of NSCLC and SCLC is an important task
for the modern Medicine.

Table 1

Source

[10, 11]

[1,12, 13]

[12-14]

[15]
(1]

[16-21]
(1]

[2,13]

[22]

Note. NSCLC/SCLC — non-small-cell/small-cell lung cancer. SIADH — syndrome of inappropriate antidiuretic hormone

secretion.
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DIFFERENTIAL DIAGNOSTICS

OF NON-SMALL-CELL AND SMALL-CELL

LUNG CANCER IN THE SETTINGS

OF MODERN CLINICS

In the modern clinical practice, the differential
diagnostics of SCLC and NSCLC is arranged in
a combined manner using the methods of radiography,
computed tomography (CT), positron-emission
tomography combined with the computed one
(PET-CT), bronchology examination with further
histological and immunohistochemical diagnostics
(the main method), as well as the method of
molecular-genetic testing for NSCLC (Fig. 2). The clinical
indications for conducting these examinations include
such symptoms as coughing, difficulty of respiration,
shortness of breath, chest pain, rales, blood spitting,
weakness, fatigability, decreased appetite, frequent
infections of the chest cavity organs, constant pain in
the chest or shoulders, hoarseness or depression of
voice and the unexplainable loss of body weight [2, 13].

Methods of diagnostic visualization

The methods of diagnostic visualization include the
radiography, the CT and the PET-CT. The chest cavity
radiography is not recommended as the population
screening of LC, for the prospective randomized
research works did not reveal a significant decrease
in LC-related mortality when using this method as
the screening one. The sensitivity of radiography for
detecting the early stages of LC is less than 50%,
which is why, when suspecting the presence of tumor,
CT is obligatory, however, radiography is still the main
method of detecting the primary evidences of LC with
the present clinical indications. For the purpose of
further evaluating the pathological changes revealed
using the radiography, CT examination is used with
intravenous bolus contrasting [2].

REVIEW

Though the exact subtype of LC is impossible
to detect using CT, nevertheless, there are indirect
signs characteristic for SCLC, which include the
central location of tumor with massive mediastinal
lymphadenopathy, as well as the rapid growth and
early metastatic activity. At the same time, NSCLC
can be both the peripheral (adenocarcinoma) and the
central (squamous), and, generally, it progresses at
a slower rate.

The evaluation of the metabolic activity using the
radiopharmaceutical (usually the radio-labeled glucose
analogue, into the molecules of which, the radioactive
fluoride-18 isotope is introduced (18F-FDGQG)) is based
on the property of malignant tumors to actively absorb
glucose, which helps differentiating them from benign
changes (granulomas and scars). The sensitivity of
PET-CT in detecting the malignant nodes is >90%,
with the specificity of 70-85% (false-positive results
are possible in cases of inflammation or infections).
This method allows for staging the tumor process,
classifying them using the TNM system (International
classification of stages for malignant neoplasms:
Tumor — tumor, Nodus — lymph nodes, Metastasis —
metastases), detecting the metastases, with this,
SCLC usually demonstrates a high SUVmax (maximal
8F-FDG uptake coefficient) comparing to the NSCLC.
The additional benefit of precise defining the tumor
margins using the PET-CT is the possibility to optimize
the exposure dosage and, as a result, to minimize the
damage of healthy tissues.

Bronchological examination

Bronchological examinations, such as bronchoscopy
and endobronchial ultrasound examination, are
assigned as the main and the obligatory methods of LC
diagnostics, which allow for not only visually examining
the throat, the trachea and all the bronchi, for directly

Methods of differential diagnostics of NSCLC and SCLC

In the setting of the modern clinical institution:
e radiography, CT, PET-CT
* bronchological examination
e histological and immunohistochemical diagnostics

Promising minimally- and non-invasive technologies:
circulating tumor cells

circulating tumor DNA, methylation

microRNA in biological fluids

exosomal proteins

radiomics

volatile organic compounds

Fig. 2. The methods of differential diagnostics of non-small-cell and small-cell lung cancer. NSCLC/SCLC — non-small-
cell/small-cell lung cancer; CT — computed tomography; PET-CT — positron-emission tomography, combined with

computed tomography.
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observing the location of the tumor, for defining the
margins of its spreading, for indirectly judging on the
enlargement of the lymph nodes in the root of the
lung and the mediastinum, but also for conducting
the biopsy for histological examination (fine-needle
and trephine biopsy), for obtaining the material
(brush-bioptates, histological biopsy, impression
smears, scrapings or washings from the bronchial
tree) for further assessment. However, bronchoscopy
has substantial limitations in the diagnostics of
pre-cancerous lesions, for they are difficult to detect
visually, as they consist of several layers of cells with a
thickness of 0.2-1 mm and with a diameter of several
millimeters [2, 12, 13].

Histological and immunohistochemical

diagnostics

Histological and immunohistochemical (IHC)
diagnostics is the main method of modern differential
diagnostics for NSCLC and SCLC. The histological
criteria for SCLC include the small cells (measuring
~2-3 lymphocyte diameters), the small-grained pattern
of chromatin in the cell nucleus (“salt and pepper”),
the nuclear molding, the specific IHC-markers (CD56,
Synaptophysin, Chromogranin A — neuroendocrine
differentiation), as well as the frequent loss of RB7 and
TP53 genes (detected using the molecular-genetic
methods).

The criteria for NSCLC include the following:
large cells with clear cytoplasm and IHC-markers
[adenocarcinoma: TTF-1, Napsin A; squamous: p40
(more specific), p63, CK5/6].

Molecular-genetic testing

Molecular-genetic testing is carried out for cases
of NSCLC, while the adenocarcinoma cases include
the detection of such mutations as EGFR, ALK, ROST,
BRAF as the obligatory minimal set along with the
KRAS G12C (for which there are specific medications),
MET, RET, HERZ2 as an addition.

The results of genetical testing define the treatment
tactics, the possibility of effective application of
target therapy. At the same time, for the SCLC, the
molecular-genetic testing is not routinely conducted,
for in Russia there are no registered target therapy
medications. The DLL3 testing is not yet included into
the routine practice in our country, but it is accessible
within the frameworks of clinical research on target
therapy (Ampuliximab).

Thus, the gold standard of differentiation between
the SCLC and the NSCLC in the clinical settings

is the IHC, but the development of new methods of

diagnostics, especially the minimally invasive and

non-invasive ones, is justified due to several key
reasons:

1) in 15-20% of the patients, the biopsy is inaccessible
due to the presence of concomitant diseases or
due to the hardly accessible tumor location;

2) the invasiveness and the risks related to it (when
conducting the bronchoscopy, there is a risk of
pneumothorax and hemorrhages; transthoracic
biopsy is especially dangerous in cases of central
tumors or severe conditions);

3) high probability of false results due to the low
quality of collecting the material and its fixation,
as well as due to the heterogeneity of the tumor
(biopsy can examine a limited area of the material
and can miss the key mutations);

4) errors are possible that are caused by the
complexity of interpretation (for example, large cell
neuroendocrine cancer can mimic the SCLC);

5) the duration of testing procedures (sample
preparation and IHC take up to 7-14 days, while in
the regions with the deficit of histopathologists, the
testing duration can be longer, which is critical for
cases of aggressive SCLC);

6) IHC detects the subtype, but it does not replace
the molecular test, as a consequence of which,
the NSCLC requires further diagnostics using the
method of polymerase chain reaction (PCR) / next
generation sequencing (NGS).

All the problems described above create a strong need
for developing the alternative approaches to differential
diagnostics. A special interest is arising in the methods
of fluid biopsy, such as the analysis of circulating tumor
cells and of the extracellular DNA (ctDNA), the microRNA
(miRNA), as well as the use of artificial intelligence in
processing the radiography images.

PROMISING NON-INVASIVE ALTERNATIVES

FOR THE DIFFERENTIAL DIAGNOSTICS

OF NON-SMALL-CELL AND OF SMALL-CELL

LUNG CANCER

Circulating tumor cells

The differentiation between the SCLC and the
NSCLC using the circulating tumor cells (CTC) is
based on the fact that SCLC shows a significantly
higher concentration of CTC comparing to NSCLC,
which allows for differentiating the tumor type [23]. The
number of CTC correlates with the metastatic potential
of the tumor, with the level of angiogenesis and with
the prognosis for the patient [23-25]. Multiple research
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works confirm that the number of CTC positively
correlates with the poor prognosis [26, 27].

The isolation and the analysis of CTC for the
primary diagnostic purpose opens the additional
functional possibilities, such as creating the cell
lines and testing the in vitro and in vivo treatment
sensitivity, which can become an important step
in personalized treatment. Special diagnostic
interest arises from investigating the CTC clusters
as an indicator of aggressiveness and of potential
metastatic spreading. It is known that the presence
of CTC clusters is indicative for high metastatic
activity, especially in cases of SCLC [23].

The modern approaches for the detection of CTC
include the following:

1) methods based on the EpCAM epithelial markers

(epithelial cellular adhesion molecule) [28];

2) methods of negative selection (for example,

CD45) [29];

3) microchip technologies (CTC-chip) [30];
4) size-dependent methods (ISET, ScreenCell, MCA) [31].

It is necessary to point out that the use of
markers is characterized by low sensitivity, for it
allows for detecting only the part of CTC population,
missing the EpCAM-negative and the mesenchymal
forms when using the EpCAM epithelial markers,
as well as the CD45-negative cells when using the
CD45-marker.

The key problems of CTC analysis for differential
diagnostics are the insufficient standardization of
methods and the biological heterogeneity of CTC.
Significant complexity is added by the biological
heterogeneity, when the differences between
CTC-subpopulations (for example, by the degree
of epitheliality /mesenchymality, by the presence
of clusters) significantly complicate their precise
identification, classification and developing the
diagnostic and prognostic methods on their basis.
Currently, the only system approved by the USA
Food and Drug Administration (FDA) for the detection
and quantitative determination of CTC in blood
is still the CellSearch (CELLSEARCH®), while the
majority of methods require further development
and standardization [23]. The CellSearch system
uses magnetic nanoparticles, covered in antibodies
to the EpCAM epithelial marker for the detection
of CTC, and the system is approved as the
marker of predicting the survival rate in cases of
metastatic breast cancer, prostate cancer and as
a progression marker for metastatic colorectal
cancer (CELLSEARCH?®).
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Thus, the use of CTC for the differentiation of SCLC
and NSCLC represents a promising method, though
still having a limited use in clinical practice. The most
justified directions of development are deemed the
combination of CTC analysis with testing the circulating
extracellular tumor DNA and the implementation
of the new uptake methods, based on the physical
properties or negative selection, which could allow
for taking into account the EpCAM-negative CTC
subpopulations and for significantly expanding the
diagnostic possibilities of this approach.

Circulating tumor DNA

DNA of the tumor cells, originating from the
processes of apoptosis, necrosis and active
secretion [24], enters the blood and other biological
fluids, for example, the saliva, the sputum and
others, potentially being the promising marker for
non-invasive diagnostics of oncological diseases.
Multiple research works have revealed the principal
differences in the mutation profiles of SCLC and
NSCLC. Thus, the SCLC is characteristic by the
inactivation of the TP53 and RB1 suppressor genes
[15, 21], as well as the mutually exclusive expression of
MYCL, MYC or MYCN [15, 32-35]. These changes are
considered the most important for the development
of small-cell phenotype and the ones that are closely
related to its neuroendocrine nature. NSCLC, unlike
the SCLC, demonstrates a more variable spectrum
of genetic changes, significantly differing between
the histological subtypes. Lung adenocarcinomas —
the most widespread NSCLC variants — often carry
the activating mutations within the EGFR and KRAS
genes, as well as the rearrangements in the ALK and
ROS1 genes [17-20]. Squamous carcinoma, on the
contrary, rarely has these changes, but often contains
amplifications in the SOX2, PDGFRA, FGFR1/WHSC1L1
genes along with the deletions of CDKN2A [36, 37]
and the mutations of PIK3CA [38]. Modern methods of
molecular diagnostics, such as NGS and PCR, allow
for highly precise detecting these differences. NGS-
panels provide the possibility of combined evaluation
of the mutation status, while PCR has an exclusive
sensitivity for the detection of specific mutations,
such as the EGFR and others. As an example of
the NGS-panel, one can take MSK-IMPACT — the
first FDA-approved combined genomic test for
onco-diagnostics, developed at the Memorial Sloan
Kettering Cancer Center in the USA, which analyses
more than 400 cancer-associated genes and which
is being used in clinical practice predominantly for
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the diagnostics and personalized treatment of solid
tumors, including the NSCLC [39]. In Russia, there
are already registered NGS-panels for the diagnostics
of LC, for example, the ones manufactured by the
companies “OnkoAtlas” and “Helikon”.

Not less important are the differences in the
copy number variations (CNV) between SCLC and
NSCLC. The small-cell cancer is characteristic by
the amplification of the oncogenes MYC (20% of the
cases [40]) and SOX2 (27% [35]), as well as frequent
deletions in the 3p chromosome region, involving
the FHIT gene [41]. These changes are associated
with especially aggressive disease course. With this,
the increased expression of SOX2 was also found in
cases of SCLC, while in the NSCLC (adenocarcinoma
and squamous LC), as it appears, the specific
marker functions of SOX2 are still to be determined.
Nevertheless, even now, a high potential was
defined for using SOX2 as the target for therapeutic
procedures [42]. The NSCLC, on the contrary, often has
amplifications of EGFR and MET — 5-15% (in case of
adenocarcinoma [43, 44]) or CCND1 (in squamous-cell
cancer [45]), as well as the deletions of CDKN2A [46].
The CNV analysis allows for not only differentiating the
subtypes of LC, but also to isolate the prognostically
unfavorable variants, such as the SCLC with MYC
amplification [40]. Modern approaches combining
the analysis of the mutation profile and the copy
number variations, significantly increase the precision
of diagnostics (by 27%), while using the methods of
fluid biopsy is topical for the diagnostics of SCLC [47].
These data, as well as the methods of their collection
and analysis, are already used in the development
of modern clinical recommendations in America and
Europe, including the NCCN and ESMO guidelines.

The assessment of abberrant methylation

of the circulating DNA

DNA methylation is an epigenetic modification,
in which the cytosine in the CpG-dinucleotides gets
a methyl group added. This modification influences
the expression of genes by suppressing the
transcription: the methylation of promotor regions
blocks the binding of transcriptional factors and
attracts the proteins, compacting the chromatin,
which “switches off” the gene. In the pathogenesis
of LC, methylation abnormalities manifest as the
two opposite processes. On the one hand, there
occurs the global hypomethylation, activating the
mobile genetic elements and the oncogenes, which
promotes to the genomic instability. On the other

hand, hypermethylation of promotor regions of the
suppressor genes of tumor growth, such as p16INK4a
and BRCALI, lead to their functional inactivation and
to the acceleration of tumor cell proliferation.

As of today, there is a large number of methods
for analyzing the methylation status of specifically
the extracellular DNA [48], while the modern research
works clearly demonstrate their diagnostic value. It
was found that various histological subtypes of LC
are characterized by the unique methylation patterns
of the circulating free DNA (cell-free DNA, cfDNA):
for example, the analysis of the APC, HOXA9, RARf2
and RASSF1A genes can define the types of LC and
the stage of the disease [49]. Moreover, the classifiers
based on the analysis of the cfDNA methylation,
investigated in various research works, have allowed
for isolating not only the types of LC between each
other [50], but also the subtypes of SCLC [51, 52]
and NSCLC [50, 53]. However, the high specificity
of analyzing the methylation of separate markers
(often >80%) in these research works is accompanied
by low sensitivity (~50-65%). The decision for this
problem could be the expansion of the panels for
the simultaneous analysis of methylation among the
several markers.

Beside the use for the diagnostic purposes, the
analysis of methylation profile could also be informative
for the evaluation of treatment tolerance [52].
A separate problem when developing various
diagnostic methods is the risk of false-positive results
due to the presence of background methylation,
especially in smokers [54], which is critically important
in case of LC and requires additional research.

The proof of the efficiency of using the methylated
markers for fluid biopsy in LC is the presence in the
European and Chinese markets of several diagnostic
tests aimed at the diagnostics of LC (CE-IVD
mark [55]) and approved by the Chinese National
Medical Products Administration (NMPA) [56] and by
the American FDA [57].

Thus, the analysis of cfDNA methylation represents
a promising tool for the non-invasive and specific
diagnostics of SCLC and NSCLC, nevertheless,
further development is needed in the field of compiling
the panels for the evaluation of multi-gene methylation
and for the automated analytical platforms, which
requires arranging additional validation studies.

Aberrant expression of microRNA
MicroRNA are considered the promising biomarkers
for the differential onco-diagnostics due to their
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stability in biological fluids and tissues, as well as due
to the ability to reflect the molecular specific features
of the tumor. Multiple research works demonstrate that
the microRNA expression profiles both in blood plasma
and in blood exosomes significantly differ in cases of
NSCLC and SCLC, which opens new possibilities for
developing the non-invasive diagnostic tests [58, 59].
Indeed, microRNA can be found in blood both at
the free state and as a part of membrane-coated
micro-vesicules [60-64]. The significant part of blood
micro-vesicules is represented by exosomes — the
vesicules with a diameter of 30-150 nm, which get
released by the normal and by the tumor cells and take
part in the intercellular communication. Exosomes/
micro-vesicules of tumor origin contain proteins,
nucleic acids and lipids reflecting the molecular profile
of the tumor. Blood micro-vesicules are evidently
a more acceptable source of microRNA for diagnostic
purposes than blood plasma: data from a number of
research works provide strong evidence of the greater
enrichment of this microRNA pool with tumor-specific
microRNA [65].

The majority of studies is devoted to evaluating
the expression of microRNA in NSCLC and its
subtypes, while the SCLC, due to its lesser incidence
has gained insufficient attention. A comprehensive
research on the microRNA-31 expression using the
method of quantitative polymerase chain reaction with
reverse transcription (RT-PCR) in lung tissue samples
obtained after surgical resection in cell lines and in
tumor xenotransplants from mice, along with the
available data from the Cancer Genome Atlas (TCGA)
has shown that microRNA-31 is variously expressed
in the tumors of various histological types of LC. In
particular, excessive microRNA-31 expression was
found in the NSCLC samples (lung adenocarcinoma,
squamous carcinoma, adeno-squamous carcinoma
and large cell neuroendocrine carcinoma), however,
the samples of small-cell carcinoma and atypical
carcinoids did not show any increase of the
expression [66], which allows for suggesting the high
potential of using microRNA-31 as the molecular
marker of NSCLC.

In another research, the evaluation of the microRNA
expression profiles in the SCLC and NSCLC cell lines
along with the normal immortalized human bronchial
epithelium cells using the microchips test has revealed
a number of differentially expressed microRNA. In
total, 29 microRNA were statistically significantly
differentially expressed in the SCLC and NSCLC cell
lines, of which 19 (-15a,b, 16, 195, 135, 106a,b, 101,
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338, 1, 98, 103, 107, 17-5p, 92, 93, 326, 328, 96) were
hyper-expressed in the SCLC cell lines comparing
to the NSCLC, and 10 (-21, 22, 23a,b, 24, 27a,
29a,b,c, 31) — had a decreased expression [67].
Significantly differing microRNA expression in SCLC
comparing to NSCLC and to the normal immortalized
human bronchial epithelium cells allows for suggesting
that the microRNA expression profiles can be
successfully used for the differential diagnostics of
these LC variants.

Another research has developed and validated
a panel of eight microRNA (106a, 125a-5p, 129-3p,
205, 21, 29b, 375, 7) using the pathological and the
cytological LC samples. It was found that this panel,
named as the “miRview lung”, can be used for the
differentiation of SCLC and NSCLC (in particular, the
squamous and the non-squamous lung carcinoma
or carcinoid). The research work was arranged in
three stages: detection stage, at which the potential
biomarkers were identified; the test development stage,
during which the marker microRNA were selected and
the classifier was compiled; and the validation stage,
at which the diagnostic protocol was tested using the
blinded independent sample. The total precision of the
analysis was 93.7% (95% CIl 90.8-95.8) [68]. Despite
the optimistic results, the research did not result in
the appearance of the LC diagnostic system on the
market, which seems to be related to the specific
features of the analytical system or to the group of
donors and patients involved into the research.

NSCLC is the most widespread type of LC, being
responsible for up to 85% of all the cases. For this
reason, multiple research works were arranged for the
identification of microRNA, which can differentiate
the histological subtypes of NSCLC, in particular,
the lung adenocarcinoma and the squamous LC. For
example, in the research based on the analysis of
blood microRNA in 90 LC patients and in 85 healthy
volunteers, microRNA-944 has shown the diagnostic
efficiency for operative detection of squamous LC
(area under the curve, AUC, 0.982), while the
microRNA-3662 was effective for detecting the
operable lung adenocarcinoma (AUC 0.926) [69]. In
another research of microRNA expression in blood
plasma, a panel was compiled for the diagnostics of
lung adenocarcinoma, consisting of seven circulating
microRNA (9-3p, 96-5p, 147b-3p, 196a-5p, 708-3p,
708-5p, 4652-5p), as well as the panel for the
diagnostics of squamous LC, containing nine various
microRNA (130b-3p, 269-3p, 301a-5p, 301b-5p,
744-3p, 760, 767-5p, 4652-5p, 6499-3p) [70].
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Summarizing the abovementioned, modern research
works demonstrate the significant potential of
microRNA as the specific biomarkers for the
differential diagnostics of LC subtypes. As shown by
the data, the unique microRNA expression profiles
in the tissues, blood plasma and exosomes allow for
clearly differentiating the NSCLC and the SCLC with
an accuracy of up to 93.7% [68]. Special attention
deserve the microRNA panels effectively differentiating
the SCLC from the NSCLC, and the developments
based on the analysis of the circulating microRNA,
opening the possibilities for the non-invasive
diagnostics [69]. For the standardization of the panels
and their implementation into the Clinical laboratories,
further multi-center research works are necessary
with the unified protocols of the isolation, the analysis
of microRNA and the normalization of the obtained
data. Nevertheless, already as of today, microRNA
represent a powerful tool in personalized oncology,
capable of improving the precision of diagnostics and
the treatment tactics for the LC patients.

Protein markers

Modern research works differentiate several
classes of candidate proteins, demonstrating the
differential expression in cases of SCLC and NSCLC.
These include the neuroendocrine differentiation
proteins (ProGRP, NSE), the cytokeratins and their
fragments (CYFRA 21-1), the adhesive molecules
(EpCAM, CEACAM), the embryonic antigens (CEA),
the carbohydrate antigens (CA 125, CA 19-9). High
level of neuroendocrine differentiation proteins is
observed in cases of SCLC, while the other protein
markers are elevated in cases of NSCLC. Thus, the
levels of ProGRP (pro-gastrin-releasing peptide) —
one of the most SCLC-specific markers, related to
the neuroendocrine origin of the tumor — in the blood
serum clearly correlate with the histological type of LC:
abnormal levels of ProGRP are detected in 60-70%
of the patients with localized stage of SCLC and in
75-90% of the patients with the advanced stage of
the disease, while the elevation of ProGRP level to
120 pg/ml was observed only in 4% of the NSCLC cases.
As for the adjacent areas of application, according
to the data from the multifactorial analysis, ProGRP
has no independent prognostic value [71]. Another
protein — NSE (neuron-specific enolase) — acts as the
highly specific marker for the neurons and peripheral
neuroendocrine cells. Taking into consideration
the location of NSE in certain tissues at the normal
state, the elevation of its level in biological fluids can

indicate the presence of malignant proliferation and
have a diagnostic value for the detection, the staging
and the treatment of neuroendocrine tumors. NSE is
more often increased in cases of SCLC, however, its
specificity is lower comparing to the ProGRP, due to
the possible elevation in a number of other diseases
(for example, in cases of neuroblastoma, melanoma,
seminoma etc.) [72].

The levels of serum biomarkers, such as the serum
amyloid A (SAA) and CYFRA 21-1, are increased in
cases of NSCLC, especially in squamous-cell cancer
and adenocarcinoma, which allows for using them for
the differentiation with SCLC [73]. Carcinoembryonic
antigen CEA and the CEACAM carcinoembryonic
antigen-related cell adhesion molecule are more often
associated with adenocarcinoma and other forms of
NSCLC, but can be also elevated in cases of SCLC,
which decreases their specificity. In the detailed review
of the available literature data, it was shown that serum
CEA has an independent prognostic and predictive value
in cases of NSCLC regardless of the type of treatment,
however, its diagnostic value is insignificant [74]. SCC
(squamous-cell carcinoma antigen) — the marker of
squamous carcinoma, one of the subtypes of NSCLC,
is useful for the differentiation of SCLC. The CA 125,
CA 19-9 and CA 15-3 markers are being investigated in
a context of NSCLC, especially the adenocarcinoma.
It was shown that the levels of CEA, SCC, CA 125,
CA 15-3 and TAG-72-3 were significantly higher in
NSCLC cases as compared to the SCLC [75].

A number of research works have shown that various
combinations of markers, for example, ProGRP and
NSE, CYFRA21-1 and SCC-Ag, or CEA + CYFRA 21-1 +
SCC/CA 15.3, allow for considerably increasing the
sensitivity and specificity parameters comparing to
the single marker protein [74-77]. Special diagnostic
interest arises from the fact that many of these markers
not only reflect the histogenetic features of the tumor,
but also correlate with the activity of specific molecular
pathways, which opens the potential possibilities for
using them in personalized therapeutic strategies.

Thus, the special interest for the differential
diagnostics is gained specifically by the proteins
associated with the neuroendocrine differentiation
(ProGRP, NSE) for the SCLC and with the epithelial
tumors (CYFRA 21-1, CEA etc.) for NSCLC. Their
detection in blood serum bears a significant diagnostic
potential, allowing for not only differentiating the
cancer subtypes, but also for evaluating the dynamic
changes of the disease during the treatment course.
However, none of the known markers shows the
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absolute specificity, which dictates the necessity of
searching the optimal combinations and developing
the standardized algorithms of interpretation.

Exosomal proteins

Low concentrations of tumor-specific proteins in
blood plasma/serum oftentimes do not allow to reliably
detect these proteins using the accessible methods,
with this, the exosomes secreted by the tumor cells
(and other micro-vesicules) can be concentrated and
“washed off” from the ballast blood plasma proteins,
or the proteins produced during the blood cell lysis,
which will significantly simplify their further analysis.
Indeed, it was shown that exosomal proteins can be
used for the diagnostics of oncological diseases:
for example, the exosomal markers CD151, CD171
and tetraspanin 8 have a significant potential for the
diagnostics of oncological diseases in the lungs in
general [78]. As for the differential diagnostics of LC
types, encouraging results were obtained: for example,
integrin aV is expressed in the exosomes of cancer
cells of both LC types, while the epithelial-specific
heterodimer of integrin a6p4 was selectively expressed
in the exosomes of NSCLC [79]. At the same time,
there is only a small number of comparative research
works on the exosomes in NSCLC and SCLC patients.
In particular, it was found that the expression of JUNB
and CXCR4 is increased in the exosomes of SCLC
patients comparing to the healthy donors, however,
it remained unclear if there are differences in the
expression levels of these proteins in the exosomes of
NSCLC patients [80]. The most part of research works
is devoted to studying the most widespread NSCLC.
Thus, M. Bao et al. [81] have found the exosomal
proteins having the potential for the diagnostics, the
staging and the prognosis of this disease.

It is necessary to note that there is a number
of problems limiting the use of exosomes for the
diagnostics of oncological diseases, including the LC.
First of all, the applied methods of extraction and
analysis of the exosomal proteins are heterogenous
and require unification. Secondly, the exosomes
present in the biological fluids have various origin,
including the non-tumor one. Such exosomes have
a set of markers typical for healthy cells, which can
complicate the identification of marker proteins.
Thirdly, the majority of models were built using the small
and limited samples, while it is necessary to arrange
the large prospective research, solving the validation
objective. Thus, the exosomal proteins demonstrate
strong potential for the differential diagnostics, for the
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predicting and the monitoring of SCLC and NSCLC,
however, the evaluation of their clinical value requires
the development of standardized protocols, large-scale
multi-center research and, probably, the inclusion of
proteomic data into the multiomic diagnostic systems.

Radiomics
Radiomics — the extraction and analysis of data
obtained from the medical images — is a rapidly

developing modern field of Medicine. The development
of the reliable systems for computed diagnostics
using artificial intelligence is already acknowledged
as important by the part of research works in medical
visualization. The algorithms based on artificial
intelligence are learning to process the visualization
data with further setting the diagnosis. There is
a whole number of research works demonstrating the
possibilities of artificial intelligence in the diagnostics,
the staging, in predicting and sub-typing the NSCLC
[82-85]. In general, the majority of models demonstrate
the diagnostic efficiency that is comparable or even
exceeding the efficiency of the experts, while the general
problems are the reproducibility and the adaptation
for use in clinics [82]. At the same time, despite the
active usage of the artificial intelligence approaches for
sub-typing the NSCLC, very few research works are
aimed at solving the tasks of differential diagnostics
of SCLC and NSCLC using CT/PET data [86-89]. The
specific features of the clinical course of SCLC (higher
mortality) and the diagnostics routing often result in the
lesser extent of visualization data (especially PET/CT),
applicable for radiomic analysis, which, in turn, explains
the significant sub-representativity of clinically and
morphologically confirmed cases of SCLC in the
public and institutional PET/CT visualization data
sets. For example, the data set (the structurized
collection of data) from the TCIA (Cancer Imaging
Archive) for non-small-cell lung cancer (NSCLC) of
the Radiogenomics dataset (cancerimagingarchive.
net) (https://www.cancerimagingarchive.net/collection/
nsclc-radiogenomics/), compiled in 2018, includes
only the cases of non-small-cell cancer, and the widely
used LIDC-IDRI, compiled by the Lung Image Database
Consortium and by the Image Database Resource
Initiative ~ (cancerimagingarchive.net)  (https:/www.
cancerimagingarchive.net/collection/lidc-idri/) contains
no histological verification. Thus, there is an urgent
need for creating the SCLC specialized data sets.
Nevertheless, several commercial platforms are
already available for solving the similar tasks by
means of radiomics: they include the OncoRadiomics
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(OncoRadiomics SA — the compilation of the prognostic
model for NSCLC), the IBEX (IBM Watson Health —
research on NSCLC), Mirada Medical (Canon Medical
Systems — building the validated models for predicting
the response to immunotherapy; HealthMyne —
compiling the prognostic models for SCLC).

Thus, the statistically insignificant share of
SCLC cases in the data sets and the insufficient
standardization of visualization protocols significantly
restrict the possibilities of developing and validating
the artificial intelligence models, directed at the non-
invasive differential diagnostics of SCLC and NSCLC,
nevertheless, separate research works devoted to this
problem [85-88] and the advance in the adjacent fields
indicate that radiomics based on machine learning
can be used for the differentiation of SCLC from the
NSCLC along with other lung neoplasms, it also can
be included into the multimodal diagnostic systems
(for example, including the CT, the PET, the clinical
data and the molecular markers).

Volatile organic compounds

Volatile organic compounds (VOC) represent the
low molecular mass (<300 Da) metabolites, excreted by
tumor cells as a result of abnormal metabolism. These
compounds (alkanes, ketones, aldehydes, aromatic
carbohydrates) enter the circulation and become
excreted via the respiratory system, which makes
them the promising non-invasive biomarkers [90]. The
biological significance of VOC comes from their direct
relation to the key oncological processes. This field
is being actively developed, for it allows for detecting
the molecular patterns reflecting the differences in
the metabolism of various types of tumor cells. The
method of gas chromatography-mass-spectrometry
(combining the gas chromatography and mass
spectrometry — GC-MS) is the gold standard in
detecting the LOC, that allows to precisely identify the
individual volatile compounds.

Non-invasive tests based on detecting the VOC are
also being developed for the differential diagnostics
of SCLC and NSCLC [91]. Specific metabolites were
identified that differentiate the VOC-profiles of SCLC
from the NSCLC. Some compounds, such as alkanes,
show the presence of high correlation with LC, which
indicates the high practicability of using the specific
VOC for its diagnostics [92]. As for the differential
analysis of SCLC and NSCLC, controversial results
were obtained here. Thus, in the research involving the
number of cell lines, the analysis of VOC and metabolites
has allowed for significantly differentiating the LC and

the normal cells, as well as the SCLC and the NSCLC,
including various NSCLC subtypes. SCLC differed from
NSCLC by m- and p-xylenes, ethyl-benzol, styrene,
o-xylene, 1.3-bis(1.1-dimethylethyl)-benzol and
2.4-bis(1.1-dimethylethyl)-phenol, and each of
these VOC had an AUC value above 0.95 [93].
Another research has analyzed VOC in patients with
NSCLC and SCLC along with healthy donors, and,
though it successfully helped differentiating the
patients and the healthy donors, it was not successful
in the differentiation of LC subtypes [94]. The analysis
including the research on the differences of VOC
profiles between the SCLC and the NSCLC, has
revealed an elevation of hexanal levels (p <0.006) in
cases of SCLC [95], however, the observed differences
were presumably related to higher malignancy and
increased tumor cell activity in the SCLC. Thus, the
issue on how effectively it is possible to differentiate
SCLC and NSCLC based on the VOC, remains
unsolved and requires further research.

The promising approach to analyzing the VOC are
the artificial sensory systems, or the “electronic nose”
(eNose). eNose is the integrated system, mimicking
the olfaction with the main task being the recognition
and classification of complex VOC-mixtures; it
includes a sensor module and the data processing
system (algorithms of machine learning, the method of
main component, the linear discriminant analysis etc.),
which classifies the tested “odor”. The sensor module
can use various technologies: gas chromatography,
gas sensors based on semiconductors with metal
oxide (metal-oxide-semiconductor, MOS), devices
with combined sensors made of conducting polymers,
quartz microbalance (QMB), the colorimetric sensors,
the chemical resistors and the superficial acoustic
waves [96]. “Electronic noses”, generally, do not identify
specific compounds, but operate with a combined
odor “fingerprint”. The artificial sensory systems
quickly analyze the VOC-profiles of the expiratory air
and use the machine learning algorithms for classifying
the type of tumor. Currently there is a limited number
of research works evaluating the efficiency of such
an odor “fingerprint” for the diagnostics of SCLC
and NSCLC patients, with this, encouraging results
were obtained that show the sensitivity/specificity
of the differential diagnostics of SCLC and NSCLC
when using the eNose equaling 87% [97]. Despite the
optimistic findings in this field, there is still a number
of problems to solve, among which, for example, is
the effect of unspecified factors on the precision of
detecting the LOC, the contribution of individual
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specific features of the patients into the specificity of
diagnostics (for example, VOC characteristic for LC,
can be also excreted in cases of chronic bronchitis or
chronic obstructive pulmonary disease) [98]. Besides,
an important contribution to the concentration of VOC
is made by the individual variations, for the metabolism
of VOC depends on the age, the gender, the diet,
the smoking and the microbiome of the oral cavity
[99, 100]. VOC analysis based on the eNose is
a promising tool for the non-invasive differentiation
of SCLC and NSCLC, especially for developing the
screening tests, for it allows for conducting a rapid
and non-invasive testing, however, its sensitivity and
specificity require large-scale and profound research.

CONCLUSION

The modern differential diagnostics of SCLC
and NSCLC is experiencing a period of active
transformation, transitioning from the traditional
invasive methods to the combined non-invasive
approaches. Despite the undisputed significance of
the immunohistochemical examination as the golden
standard, its limitations stimulate the development of
principally new diagnostic strategies.

The promising directions including the analysis of
circulating tumor cells, of the extracellular DNA, of
the exosomal markers, the microRNA and the volatile
organic compounds, demonstrate the significant
diagnostic potential. Parallel development is observed
in the methods of radiomics and artificial intelligence,
opening new possibilities in processing the medical
images and multiomic data. However, the transition
of these technologies into clinical practice meets
a number of methodological and practical difficulties.
The key issues remaining are the standardization, the
reproducibility and the validation of new methods. With
this, the differential diagnostics of rare and aggressive
forms of cancer, such as the SCLC, represents
a special complexity.

The future of differential onco-diagnostics,
undoubtedly, belongs to the multimodal methods,
integrating the advances in the fluid biopsy, the
radiomics and the artificial intelligence into the unified
diagnostic algorithms. It is specifically the synergy
of various diagnostic approaches that will allow for
overcoming the limitations of separate methods and for
achieving the new level of precision. And, in achieving
it, the important role in the processing of multimeric
data, will be played by the modern algorithms,
including the method of the main components,
the linear discriminant analysis, the random forest
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method, the reference vectors method and the neuron
networks (including the deep learning). The combined
approach to the diagnostics of lung cancer with
taking into consideration the individual characteristics
of the patient will also open new possibilities for
the personalized treatment, which ultimately will
significantly improve the quality and the duration of
the patients’ life.
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Comorbidity Background and Rehabilitation Potential
Among the Cerebral Stroke Patients

B.B. Polyaey, G.E. lvanova, M.A. Bulatova, O.V. Fuchizhi
Federal Center of Brain Research and Neurotechnologies, Moscow, Russia

ABSTRACT

Stroke is one of the most significant social problems due to the high incapacitation rates among the patients.
The rehabilitation of the patients in the older age group with stroke consequences is complicated by the
fact that they almost always have a comorbidity background, influencing the efficiency of restoring the lost
functions and the possibilities of using any technologies of medical rehabilitation. Comorbidity makes its
contribution to the development of repeated stroke and plays a significant role when drafting the rehabilitation
program. The review analyzes the data from scientific literature on the effects of concomitant diseases on the
rehabilitation potential of patients after a past acute cerebrovascular accident. An analysis was carried out for
the literature data using three data bases (PubMed, MEDLINE and eLIBRARY) for the period from 2000 until
2025 with 435 scientific articles analyzed, and for the detailed analysis, 35 publications were selected that
meet the inclusion criteria. Based on the analysis conducted, various options were presented for evaluating
the rehabilitation potential and for interpreting the evaluation results with taking into consideration the effect
of various diseases, most frequently seen in patients with acute cerebrovascular accident. A discussion is
presented on the necessity of compiling a single unified method of determining the rehabilitation potential.
The analysis of literature data has shown that evaluating the comorbidity is one of the important components
of the rehabilitation potential in the patient after the stroke. Determining the most significant factors shaping
the rehabilitation potential in such patients is a top priority task determining the choice of rehabilitation therapy
tactics and its efficiency.

Keywords: rehabilitation potential; concomitant diseases; comorbidity; medical rehabilitation; stroke;

incapacitation.
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INTRODUCTION

Stroke is the leading disease in terms of the degree
of incapacitation among the patients. According to
statistical data, among the surviving patients, to the
end of acute period of the disease, more than 80% have
persisting motor and cognitive disorders of various
degree of intensity [1]. For achieving the maximum
treatment effect, the medication therapy must be
obligatorily combined with medical rehabilitation and
with preventive measures [2].

Medical rehabilitation is an integral part of treating
the patients after an acute cerebrovascular accident
(CVA) and it must be used taking into consideration
the mechanisms of spontaneous convalescence in the
acute, the subacute and the recovery periods of stroke,
as well as during the period of residual effects [3]. With
this, one of the important problems remaining is the
risk of repeated stroke, which is approximately 30%
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and which is most frequently developing in the first two
years after the CVA [4], which has great importance for
organizing the rehabilitation and preventive activities.
The World Health Organization has verified more
than 300 various risk factors of developing the CVA,
however, the top priority ones are only the factors which
show a high rate of incidence in various populations,
significantly affecting development of stroke, and
influencing which by means of timely preventive activities
decreases the CVA incidence. The combination of
several such factors increases the risk of developing the
CVA [5]. The age plays a significant role in determining
the program of rehabilitation activities, for the elderly
patients in the majority of cases have a comorbidity
background influencing the rate of reparative processes
and the possibility of using various technologies of
medical rehabilitation [6]. Thus, investigating the role of
concomitant diseases in stroke patients at all the stages

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


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.17816/clinpract688749
https://elibrary.ru/pqufqq

HAYYHbIX OB30P

Komop6ugHbin $oH 1 peabunntaunoHHbIn NOoTeHunan
NayveHTOB NOC/ie NepeHeCEHHOro epebpanbHOro NHCyNbTa

B.B. NMonses, IE. UBaHOBa, M.A. BynaTtoBa, O.B. ®yumkn
®depepanbHbIil LLEHTP MO3ra 1 HelipoTexHonorui, Mocksa, Poccus

AHHOTALNA

WHCYnbT siBnsieTcs ogHoM 3 Hanbosiee 3HaYnMbIX COLMasibHbIX NpobeM BCIeACTBUE BbICOKOIO YPOBHS
VMHBanmuagm3aaumy naumeHToB. Peabunnivtaumsi nayneHToB CTapLUeyi BO3PaCTHOM rpyrrbl C MOCAeACTBUSIMY
MHCY/IbTa 3aTPyaHSETCS TEM, YTO Yy HUX MOYTU BCerga npucyTcTByeT KOMOPOUAHbIN (hOH, OKa3biBaroLLni
BANSIHWE Ha 3(DHEKTUBHOCTb BOCCTAHOB/IEHUST YTPAYEHHbIX (DYHKLUNI M BO3MOXHOCTb MPUMEHEHUST TEX
W MHBIX TEXHOJIOMMA MEeANLIMHCKON peabunnTtaumn. KoMopbugHOCTs BHOCUT CBOM BKJag B pas3BuUTHE
[MOBTOPHOIO UHCY/IbTa U UrPaeT 3Ha4YuMyH POJib Py COCTaBIEHUN NPorpaMmMbl peabunutayuu. B o63ope
rpoaHam3npoBaHbl JaHHbIe HayYHOV JINTEPATYPhkl O BANSHUW COMyTCTBYIOLMX 3aboneBaHni Ha peabu-
JINTALMOHHbIV MOTEHUMAas nayneHToB rocse rnepeHecéHHOro OCTPOro HapyLLUEHWST MO3roBOro KPOBOOb-
paiyenvs. poBenéH aHanus nutepatypbl no TPém 6asam gaHHbix (PubMed, MEDLINE n elLIBRARY)
3a nepuog ¢ 2000 o 2025 rog, npoaHannsnpoBaHbl 435 Hay4HbIX cTaTed, A/ eTa/lbHOro aHaamsa
oTobpaHo 35 nybnvikauui, COOTBETCTBYIOLMX KPUTEPUSIM BKJIOYeHUsl. Ha ocHoBaHun rpoBegéHHOro
aHasnm3a rpeacTaBeHbl Pas/iNyHble BapuaHTbl OLEHKU peabuinTaLumoHHOro rnoTeHumnana u HTepnpera-
Lnm pe3ysibTaToB OLEHKM C Y4ETOM BINSHUS Pas/inydHblx 3aboneBaHni, Hanbosiee 4acTo BCTPEYatOLMXCS
Y NaumeHTOB C OCTPbIM HapyLUEHWEM MO3rOBOIro KpOBOOOpaLLEeHMS. AHann3 antepatypbl rnokasas, YTo
OUeHKa KOMOPOUAHOCTY SIBASIETCS O4HOW U3 BaXKHbIX COCTaB/SOLMX peabumTaynoHHOro rnoTeHuymana
rnawuneHTa rocse nepeHecéHHoro nHeyneta. OnpeneneHve Hanbosiee 3Ha4YUMbIX aKkTopoB, hopPMUpPYIO-
LMX peabunninTalumoHHbIN NOTeHUMa y Takux NnalueHTOB, SIB/ISIETCS NepBOCTENEHHON 3ahaqer, onpesje-
JISI0LLEN BbI6OP TaKTUKN peabuintaymoHHOro J1e4eHUs U ero aheKTUBHOCTD.

Knro4yeBbie cnoBa: peabuntayyOHHbIA MOTeHUMas; CoryTCcTByoLme 3abonieBaHVs; KOMOPOUAHOCTb;
MeauUMHCKasi peabuantayusi; HCYJ/IbT; MHBaugn3aLums.

Ans yntupoBaHus:

Monsie B.6., ViBaHoBa IE., BynatoBa M.A., ®yumxun O.B. KomopbugHbiin hoH 1 peabunntauoHHbIN
noTeHUMan naunMeHTOB MOCNe MNEePEHECEHHOro LepebpanbHOro WHcynsta. KamHu4eckas rpakTuka.
2025;16(3):88-97. doi: 10.17816/clinpract688749 EDN: PQUFQQ
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of treating the disease must become the obligatory
component of modern neuro-rehabilitation.

The problem of the unified evaluation of the
rehabilitation potential is primarily resulting from
the needs of the physicians in having the instrument
allowing for timely getting an insight on the potential of
restoring various abnormalities of the vital processes
with a certain comorbidity background. Besides the
medical aspect, this problem has the regulatory and
the economical ones.

Regulatory requirements. A Decree issued by the
Ministry of Health with a number 788n' regulates the

' Decree issued by the Ministry of Healthcare of the Russian
Federation on July 31, 2020, No. 788n “On the Approval of the
Procedure forthe Organization of Medical Rehabilitation of Adults”
(registered on 25.09.2020, No. 60039). Access mode: http:/
publication.pravo.gov.ru/Document/View/0001202009250036

obligatory determination of the rehabilitation potential
in the patients at all the stages of medical rehabilitation,
beginning from Day 1 of disease development and of
admittance to the in-patient department. The clinical
recommendations on medical rehabilitation for various
diseases and conditions of the nervous system
also regulate the determination of the rehabilitation
potential during the process of providing the aid on
medical rehabilitation from the first stage of medical
rehabilitation of the patients in the peracute and the
acute periods of ischemic stroke, beginning from the
Department of Anesthesiology and Resuscitation.
Economical aspect. The possibility of timely
and objectively defining the rehabilitation potential
determines not only the further adequate routing
of the patient, but also the extent of costs for using
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the medical services and the medical rehabilitation
technologies, applicable for the treatment of
a specific patient. In the evaluation of the economical
component of the rehabilitation in patients with a past
cerebrovascular stroke, separate attention should
be paid to the personnel aspect — the efficiency of
using the staff potential of the medical organization
involved into the rehabilitation. For the reason that the
staff resources of the rehabilitation service is always
the limiting factor, the involvement of specialists from
the multidisciplinary rehabilitation team (medical
logopaedist, neuropsychologist, medical psychologist,
ergo-rehabilitation specialist, physical rehabilitation
specialist etc.) in everyday practice should be maximally
rational and should be conducted primarily for the
patients with high and medium rehabilitation potential.

Search methodology

An analysis was carried out using the full-text
publications in Russian and English languages from
the PubMed, MEDLINE and eLIBRARY data bases for
the period from 2000 until 2025 using the following key
words: “rehabilitation potential in stroke”, “prognosis
after a stroke”, “stroke outcome”; as the second
search criterion, the queries used were “concomitant
disorders”, “comorbidity” and “concomitant diseases”.
During the initial search, 435 sources were extracted,
of which 35 research works were selected as meeting
the inclusion criteria (comorbidity was analyzed at
least by one specific rehabilitation result, including the

functional status).

THE MAIN COMORBID FACTORS DEFINING

THE REHABILITATION POTENTIAL

Due to the fact that rehabilitation potential is
an integrative parameter, requiring the multimodal
approach to evaluating various factors of the patient’s
activity, the special role belongs to the evaluation of the
presence and the severity of the concomitant diseases
present, which may directly affect the potential of
restoring the impaired or decreased functions, as well
as the adaptation in cases of lost functions.

According to the literature data, patients with
cerebrovascular diseases are most commonly prone to
developing the circulatory diseases, which, in turn, not
only increases the risk of cerebral accident, but also
prognostically negatively affects the outcome and the
level of incapacitation [7]. Hypertensive disease and
heart rhythm disorder, namely the atrial fibrillation, have
a certain role not only in the development of stroke,
but they also affect the potential of restoring the lost
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functions. Atrial fibrillation is the reason of developing
vast infarctions and, as a result, it leads to a decrease in
the rehabilitation potential and to more severe functional
outcomes [8]. The presence of atrial fibrillation in the
ischemic stroke patients is not only the predictor of
developing more extensive lesions in the brain, but also
the factor increasing the mortality rates [9-12]. Arterial
hypertension, with its specific changes in the vascular
wall, with the specific features of systemic or cerebral
circulation and metabolic disorders, is also one of the
main reasons of developing the CVA [13]. Patients
suffering from hypertensive disease, according to the
definition from the World Health Organization, already
are at very high risk of cardio-vascular complications,
which requires special attention to the adequate
and timely prescribing of medication therapy [14].
With this, a number of research works reports that
the percentages of patients suffering from arterial
hypertension and having a past episode of the initial
and repeated CVA, are approximately equal [15].

The elderly age and the presence of cardiac
comorbidity are the factors of significant influence on
the rehabilitation potential and the functional outcome
of rehabilitation after the cerebral stroke [8, 16]. The
results from a number of publications show that the
presence of chronic cardiac failure itself is a factor
restricting the rehabilitation potential and also is an
independent risk factor for mortality during various
periods of the disease [17, 18]. This effect is associated
not only with the limited extent and the technologies
applicable during the process of medical rehabilitation,
but it is also a limitation of the functional reserves
in the organism, which makes it impossible to use
a number of technologies and methods of medical
rehabilitation in the given category of patients. The
presence of cardio-vascular diseases itself is a factor
limiting the arrangement of medical rehabilitation,
while in the neglected cases — a risk factor for the
medical rehabilitation itself [19].

METHODS OF EVALUATING

THE REHABILITATION POTENTIAL

Initially, for the purpose of defining the rehabilitation
potential, a CIRS system (Cumulative lliness Rating Scale)
was proposed [20]. Later on, taking into consideration
the specific features of the cerebral stroke patients,
the preference was given to the modified version of
this score — the CIRS-G (Cumulative lliness Rating
Scale-Geriatrics), evaluating the specific features of the
patients from the older age group, the one that is most
prone to developing the CVA [21]. This scale is quite
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comfortable to use and it has a high number of electronic
assistants, beginning from online-applications and
moving on to online-calculators with the detailed hints
for the specialists on its correct filling. The backbone
of this score is the evaluation of the presence/severity
of impairments in each of the system of organs, the
need for therapy to correct the available diseases. The
result of questionnaire survey is the interpretation of
the severity of the concomitant diseases present [21]
(table 1). Along with the CIRS-G score, the proposed
options included the use of the Charlson Comorbidity
Index (CCI) for scoring the presence or the absence
of the certain diseases, applicable for predicting the
mortality [22] (table 2). The comparison of the Charlson
index and the CIRS-G comorbidity score has shown
higher validity of the latter in the evaluation of the
parameters in all the categories of patients, with this,
the evaluation of the rehabilitation potential was carried
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out using the classification proposed by A.R. Sagatov,
in which the rehabilitation potential is graded as high,
medium, low and absent [23].

Most commonly, the evaluation of the rehabilitation
result after a cerebrovascular stroke employs
a Functional Independence Measure (FIM). Some
research works have studied the effects of concomitant
diseases on the dynamic changes of the cognitive
functions, evaluated using the combination of validated
clinical scales — the Mini-Mental State Examination
(MMSE), the Hospital Anxiety and Depression Scale
(HADS), the Montreal Cognitive Assessment (MoCA)
and the Barthel Activities of Daily Living [ADL] Index
[9, 24-37] (table 3). Out of the 13 publications using the
FIM, 10 were employing the total comorbidity index,
while other 3 were focused on the specific concomitant
diseases. Three retrospective research works were
employing the Charlson index for the evaluation of

Table 1

The table for calculating the significant comorbidities in the patient — CIRS-G
(Cumulative lliness Rating Scale-Geriatrics)

Organs and systems Points

Heart 0
Vessels 0
Hematopoietic system (blood, vessels, 0
bone marrow, spleen, lymphatic system)
Respiratory system (lungs, bronchi,

0
trachea from the laryngeal level)
ENT-organs 0
Upper GIT (esophagus, stomach, duodenum) 0
Lower GIT (intestine, herniations) 0
Liver (including bile ducts and pancreatic 0
ducts)
Kidneys 0

Urogenital system (urinary ducts, urinary
bladder, urethra, prostate gland, genitals, 0
uterus, ovaries)

Locomotor system, skin and mucosal
membranes

Nervous system 0

Endocrine system / metabolic disorders
and mammary glands (including infection 0
and poisonings

Psychiatric diseases 0
Assessment of malignant tumors 0
Other diseases 0

Interpretation

Vessels

Level 0: no problems.

Level 1: hypertension, compensated by restriction

of cooking salt and by decreasing the weight / serum
cholesterol >200 mg/dl.

Level 2: daily intake of anti-hypertensive drugs / single
atherosclerosis symptom (claudication, vascular murmurs,
transient vision loss, absence of pulse in the feet) / aortic
aneurism <4 cm.

Level 3: two or more atherosclerosis symptoms

(see below).

Level 4: surgical interventions due to vascular problems /
aortic aneurism >4 cm.

Comments.

The arterial hypertension is defined as stable increase
of diastolic pressure >90 mm.Hg.

Absence of necessity for medication therapy — “17;
single daily intake of a drug for decreasing the BP — “27;
daily intake of two or more drugs for the control of

BP or the presence of signs of hypertrophy in the left
ventricle — “3”.

Atherosclerosis of peripheral vessels. Presence of at least
one symptom upon physical examination or confirmation
by the imaging methods (for example, angiography) —
“2”; the presence of two or more symptoms — “3”;

if by-passing was done or required — “4”.

The impaired cerebral circulation is evaluated in the
nervous system section.

Aneurism of the aorta: diameter <4 cm — “3”;

>4 cm — “4”

Note. The calculation table estimates the geriatric variant of the cumulative comorbidity index CIRS-G according to guideline
by M.D. Miller et al., 1991 [21]. GIT — gastrointestinal tract; BP — blood pressure.
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Table 2
Charlson Comorbidity Index

Points Diseases

Myocardial infarction
Congestive cardiac insufficiency
Diseases of peripheral arteries
Cerebrovascular disease
Dementia

Chronic lung disease
Connective tissue disease
Ulcerative disease

Mild hepatic disease

Diabetes

Hemiplegia
Moderate or severe kidney disease
Diabetes with organ abnormalities

2 Malignant tumor without metastases
Leucemia
Lymphoma
3 Moderate or severe hepatic disease
6 Metastatic malignant tumors

AIDS (the disease, not only the viremia)

For each 10 years of life after the age of 40 years,
add 1 point: 40-49 years — 1 point, 50-59 — 2 points etc.

of?)l::i':ﬂs 10-year survival rate, %
0 99
1 96
2 90
3 77
4 53
5 21

Note. When calculating the Charlson comorbidity index,
sum all the age points and the points of somatic diseases.
AIDS — acquired immunodeficiency syndrome.

comorbidity, one used the CIRS, another one was
employing the weighted Comorbidity Index (w-Cl),
while the Comorbidity Severity Index (ComSI) and the
Complication Severity Index (ComplSI) was used in
one research work each. One of the research works
based on the Charlson index, had a comparatively
small sample (n=58), showing that the Charlson index
was one of the several independent predictors for FIM
on discharge and FIM during the further follow-up
(in an average of 19.5 months) during the multivariate
analysis among the groups of patients with cerebellar
stroke [24]. Despite the small sample size, not less
than seven variables were added to the multifactorial
model. The second research included 129 patients
and it has shown that the Charlson index was one of
the several independent predictors of the functional

REVIEW

outcome, influencing on the results of FIM scores on
discharge from the in-patient department [9]. Taking
into consideration the fact that the Charlson index
has not found its wide use in the settings of medical
rehabilitation, M. Liu et al. [28] have compiled a new
index — the weighted Comorbidity index (w-Cl). They
have compared the validity and the robustness of their
index, which included the complications specific for
stroke patients, but not added to the Charlson index,
such as the pain in the shoulder, depression and impaired
vision, to the Charlson index. When analyzing the FIM
values on discharge, the weighted version of their new
index, unlike the Charlson index, was the independent
predictor for FIM on discharge. G. Ferriero et al. [35]
have also compiled a weighted comorbidity index
based on the risk factors and the factors limiting the
course of medical rehabilitation due to comorbidities.
This group has divided the elements of the index
compiled by Liu et al. [28], into the comorbidities and
the complications of stroke, assigning the scores to
functional limitations caused by the comorbidity or
by the complication (absence of limitations, moderate
limitations and severe limitations), arranging two
separate scores for the analysis — the Comorbidity
Severity Index (ComSI) and the Complication Severity
Index (ComplSl). In this small research work, the
patients without comorbidities scored by the ComSI on
admission, during the rehabilitation had a higher FIM
on discharge comparing to the ones having at least one
concomitant disease [35]. In other research work, the
Cumulative lliness Rating Scale (CIRS) in a sample of
93 patients did not show any correlation between the
CIRS and the FIM on discharge [27].

A large retrospective analysis of the USA data base
for the period of 5 years (864 institutions of in-patient
rehabilitation) with a huge patient sample (n=371 211)
was devoted to evaluating the interrelation between
the number of concomitant diseases and the FIM. As
a result, a relation was proven between the increase
in the number of concomitant diseases (an average
of 7.9 concomitant diseases per patient) and the
decrease in the probability of achieving or exceeding
the rehabilitation objectives (the target FIM value) [31].
Another two large retrospective research works
have used the data bases [30, 32] to investigate the
role of diabetes severity. Both of them have reported
a relation between the severity of diabetes and a lower
predictable FIM on discharge in younger population,
but did not find a significant interrelation for the elderly
patients (older than 80 years), with this, the research
works also report the statistically significantly longer

92 https://doi.org/10.17816/clinpract688749



REVIEW

Table 3

Results of clinical studies when evaluating the rehabilitation potential depending on the comorbidity diseases

Research type

Retrospective

Retrospective

Prospective

Retrospective

Prospective

Retrospective

Prospective

Retrospective

Retrospective

Retrospective

Prospective

Prospective

Prospective

Prospective

Prospective

Sample
number

58

129

40

2402

93

106

1317

135 097

371 211

35 243

97

192

85

448

220

Result

CCl was an independent predictor of increased FIM on discharge

CCl was one of the several independent predictors for the
functional result, determined using the FIM scale, on discharge
(corrected for multiple factors)

The research has shown that larger number of concomitant
diseases negatively affects the final FIM values

The research did not show clear effects of CCl values on the FIM
outcomes, however, the group receiving rehabilitation therapy
had better outcomes

The CIRS has demonstrated the prediction of concomitant
diseases, but not the changes of FIM

w-Cl significantly correlated with FIM on discharge and with
the duration of hospitalization

The evaluation of the individual concomitant diseases and their
effects on the ADL and HADS values has demonstrated a direct
negative effect of the number of concomitant diseases on the
rehabilitation potential

Diabetes (with a large number of complications) correlated with
(lower) FIM on discharge and the duration of hospitalization

in the younger cohort (<60 years) with a decreasing tendency
to the age of 80

The increase in the number of comorbidities is related to the
decreased chances of achieving the FIM tasks

Diabetes (with a large number of complications) correlated with
lower predictable FIM on discharge in the younger cohort
(<80 years), but not with the duration of hospitalization

The presence of several concomitant diseases significantly
affects the severity of cognitive disorders acc. to the MoCA and
MMSE scores with directly affecting the rehabilitation potential

High comorbidity level affected the worse achieving of
rehabilitation objectives when evaluating the functions
of the upper limb using the ARAT score

Low comorbidity level correlates with higher FIM scores on
discharge

Higher comorbidity level by two validated scales has shown
the worst functional outcomes when using the ARAT, TCT
(Trunk Control Test), MoCA/MMSE and ADL scales

During the multivariate analysis, the younger age along with
higher level of functioning, with the lesser number of concomitant
diseases, the higher cognitive capabilities and the lesser severity
of stroke was associated with higher mBI on discharge

Source

(24]

E)

(29]

(26]

(27]

(28]

(29]

[30]

(31]

(32]

(33]

(34]

[35]

[36]

[37]

Note. CClI — Charlson comorbidity index; FIM — Functional Independence Measure; CIRS — Cumulative lliness Rating
Scale; w-Cl — weighted Comorbidity index; ADL — Activity of Daily Life index; HADS — Hospital Anxiety and Depression
Scale; MoCA — Montreal Cognitive Assessment; MMSE — Mini-Mental State Examination; ARAT — Action Research Arm
Test; TCT — Trunk Control Test; mBl — the level of mental burnout (modified Barthel index).

in-patient treatment for the elderly individuals (older
than 80 years) with more severe diabetes.

In the research work involving 1317 patients,
in which data collection was conducted using the
primary medical documentation (medical record of an

www.clinpractice.ru

out-patient, form 025/u-04; statistical forms No. 12) and
by means of questioning the patients, an interrelation
was shown for the severity of comorbidity and the
specific rehabilitation scales — Barthell, HADS and the
Mini-Mental Status Score. A direct correlation was found
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between the presence and the severity of concomitant
diseases and the level of rehabilitation potential with
the need for evaluating the comorbidity when compiling
the individual plan of medical rehabilitation [29]. In
other research, the Lithuanian colleagues with a small
sample of patients (n=40) were using the FIM and MAS
(Modified Ashworth Scale) scales to show the direct
relationship for the decrease in the rehabilitation results
and the severe comorbidity [25].

Interesting results were obtained by H.W. Morrison
et al. [33] in a research with the participation of
97 patients, in which a detailed analysis was conducted
of the diseases and health conditions in the patients
after a history of stroke along with evaluating the
status of the higher mental functions using the MoCA
and MMSE scores. It was shown that the presence of
several concomitant diseases significantly affects the
degree of cognitive disorders and directly affects the
rehabilitation potential. A quite large research work
(n=2402) did not find any direct interrelation between
the Charlson index score and the changes in the FIM
scores, however, the authors themselves have noted
the significant heterogeneity in the comparison group,
which calls into question the obtained result [26].
In another research that included 192 patients and
conducted mainly for the evaluation of the efficiency of
the PREP (Predicting Recovery Potential — predicting
the restoration of motor functions in the upper limb
after a cerebrovascular stroke) algorithm, it was
reported that the presence of significant comorbidity
was associated with longer stay at the In-Patient
Department and with worse functional outcomes
during medical rehabilitation [34].

A large prospective research (n=448) by A. Finocchi
et al. [36] was devoted to the automatization of
evaluating the predictors of restoring the possibilities
of unassisted moving and included an evaluation of
the comorbidity background using the main scores —
CIRS-G and Charlson index; the motor and the
cognitive functions were evaluated using the validated
scales, including the Barthel index, the trunk control
test, the Action Research Arm Test (ARAT), the MMSE
and the MoCA. As a result, a correlation was found
between the higher comorbidity level and the worse
functional outcomes to the moment of discharge from
the In-Patient Department. In another multicenter
prospective observational research [37] involving
220 patients, the authors were arranging a search of
the patient assessment algorithm at the early recovery
period after an episode of the CVA for the purpose
of clearly defining the predictors for the functional
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outcome. It was determined that comorbidity is an
independent and statistically significant prognostic
factor, negatively affecting the functional outcome
after the intensive rehabilitation, i.e. the higher is the
patient’s number of concomitant diseases, the lower
is the expected level of functional independence on
discharge. Also a statistically significant weak negative
correlation was found between the CIRS index and
the mBI testing result (modified Barthel index) on
discharge. After taking into account all the other
important factors (age, severity of stroke, motor and
cognitive functions on admission), the CIRS index has
remained an independent outcome predictor.

CONCLUSION

Evaluating the comorbidities in a patient is one of
the most important components of determining the
rehabilitation potential after an episode of CVA, directly
affecting the choice of the tactics for rehabilitation
therapy and its efficiency. The analysis of literature
data has shown an interrelation between the number
and the severity of the concomitant diseases and
the rehabilitation results. Summarizing these data,
it can be concluded that the presence of a single
concomitant disease such as the hypertensive disease
or atrial fibrillation, is the factor, moderately limiting the
rehabilitation potential, the presence of diabetes with
multiple complications is the factor, significantly limiting
the rehabilitation potential and the future restoring
the functions, while the presence of two or more
significant abnormalities, such as the combination
of diabetes and atrial fibrillation, is the predictor for
a significant decrease in the rehabilitation potential
and for the worse outcome when using the functional
independence measure (FIM). Thus, the highest value
belongs to severe diabetes with multiple complications,
to atrial fibrillation and to chronic cardiac insufficiency
with decreased ejection fraction.

Thus, the topical issue is compiling a single unified
method of determining the rehabilitation potential.
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CASE REPORT

FXTAS (Fragile X-Associated Tremor/Ataxia Syndrome)
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" Tyumen State Medical University, Tyumen, Russia;
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ABSTRACT

BACKGROUND: FXTAS Syndrome (Fragile X-Associated Tremor/Ataxia Syndrome) is a neurodegenerative
disease with late onset, which manifests in men and women carrying the mutation in the FMR1 gene,
located in the X-chromosome. The disease manifests with high phenotypic variability (tremor, cerebellar
ataxia, parkinsonism, oculomotor disorders, cognitive and mental disorders). Due to the insufficient
awareness among the physicians on this disease, FXTAS Syndrome patients often get incorrect diagnosis
(essential tremor, Parkinson disease, multisystem atrophy, spinocerebellar ataxia etc.). CLINICAL CASE
DESCRIPTION: The case presented is the patient aged 68 years with a severe past medical history
(ischemic heart disease, post-infarction cardiosclerosis with the formation of post-infarction aneurism,
arterial hypertension, pulmonary tuberculosis, chronic obstructive pulmonary disease, type 2 diabetes), in
which the FXTAS Syndrome has first manifested with tremors, impaired coordination of motions, balance
problems, cognitive disorders and affective disorders. The disease was confirmed by the genetic test
(in the FMR1 gene, 96 CGG repeats were found). The patient’s daughter was examined with detecting the
premutation of the FMR1 gene, while the grandson has a Martin-Bell syndrome. CONCLUSION: Neurologists
and specialists of adjacent fields should keep in mind the FXTAS Syndrome (Fragile X-Associated Tremor/
Ataxia Syndrome) and, in case of the patient having the corresponding symptoms, should rule out this rare
neurodegenerative disease by arranging the genetic testing to reveal the mutation in the FMR1 gene.

Keywords: FXTAS syndrome; fragile X-chromosome; tremor; ataxia, heurodegenerative disease; gene;

impaired coordination.
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BACKGROUND

FXTAS Syndrome (Fragile X-Associated Tremor/
Ataxia Syndrome) is a rare neurodegenerative
disease with late onset, which occurs in the carriers
of the mutation in the FMR1 gene (Fragile X Mental
Retardation 1), located in the X-chromosome, and
which is related to the increase in the number of
CGG (cytosine-guanine-guanine) repeats in this
gene [1].

FXTAS Syndrome is considered a rare disease,
probably, due to the insufficient diagnostics of this
condition. Normally, the number of CGG repeats varies
from 5 to 54. An increase in the number of trinucleotides
(>200 CGG repeats) results in the impaired synthesis
of the FMR1 protein (complete methylation of the gene
and loss of the function associated with the synthesis
of the FMR1 protein) along with the abnormalities of
developing the nervous system — the Martin-Bell
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syndrome or mental deficiency syndrome associated
with the fragile X-chromosome [2, 3]. The condition, in
which the number of CGG repeats is more than normal
values (>55), but it does not exceed the threshold
value (>200 CGG repeats), is generally called the
premutation. The premutation may manifest as four
various disorder profiles:

1) childhood age development disorders (non-rough
deviations of the cognitive development, autistic
spectrum disorder, attention deficit and hyperactivity
syndrome);

2) impaired reproductive functions and other somatic
problems in women (primary ovarian insufficiency
syndrome, hypothyroidism);

3) neurodegenerative disorders at the old age (tremor
and ataxia syndrome, or FXTAS, more often in men);

4) psychoemotional problems (depression, anxiety
disorders, obsessive-compulsive disorder) [2].

© Eco-Vector, 2025
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KIMHUYECKWNIA CNTYYAN

Cunppom FXTAS (Tpemop/aTakcma, accoummnpoBaHHble € IOMKON
X-xpomocomon)

E.C. OcTtanuyk' 2, M.B. Manaxos?, C.C. YukBunagse?, B.B. KyaHeuos?, K0.C. Mopo3oBa'
T TioMeHCKMI rocyapCTBEHHbIN MeOULMHCKINIA YHUBEPCUTET, TioMeHb, Poccus;
2 O6nacTHas KnMHnyeckas 6onbHuLa Ne 1, TiomeHb, Poccus

AHHOTALNSA

O6ocHoBaHue. CuHgpom FXTAS (Fragile X Associated Tremor/Ataxia Syndrome) — HevipogereHepaTvB-
Hoe 3abosieBaHne C MO34HUM Ha4YasoM, KOTOPOE BO3HUKAET Y MY>XKYUH U XKEHLUMH, SBJSIIOLLNXCS HOCUTE-
asmu myTauymn B reHe FMR1, pacrnonoxxeHHoMm Ha xpomocome X. 3abosieBaHne rpOosiB/ISIETCS BbICOKOM
¢heHoTUMM4YecKovi BapnabesibHOCTbIO (TPEMOP, MO3XKEYKOBasT aTakCusl, NapKNUHCOHW3M, r1a304BuraTesib-
Hble pPacCTpOKCTBa, KOFHUTUBHbBIE U MICUXUYECKUE HapyllieHWs)). BcneacTame HeqocTtaTto4yHoON o0CcBenoM-
JIEHHOCTY Bpayer o0 JaHHOW naTosorum naumeHTam ¢ CuHgpomMom FXTAS 4acTo cTaBsaT HernpaBuibHbIN
[narHo3 (acceHuymasnbHbii Tpemop, 60/1e3Hb [lapKUHCOHa, MybTUCUCTEMHas aTtpogus, crimHoyepebes-
JIipHas atakcusi v ap.). OnucaHne KAnHU4Yeckoro cay4as. [lpegcrasneH nayveHT B Bo3pacte 68 et
C TS)KENIbIM aHaMHE30M (MLemuyeckasi 60/1e3Hb cepala, MOCTUHMAPKTHLIN KapAnoCKIep03 ¢ (hopMumpo-
BaHVeM MOCTUHDaPKTHON aHEBPU3MbI, apTepuaibHas rmnepTeH3us, TYOepKynés nérkmx, XpoHn4eckas
06CTPYKTMBHAs 60/1€3Hb JIEFKMX, CaxapHbili anabeT 2-ro Tvna), y Kotoporo cuHapom FXTAS gebrotvposan
C TpeMopa, HapyLLUeHUs KOOpAvHaLUuu ABUXEHWN, nNpobsieMbl PpaBHOBECHS, KOTHUTUBHbLIX PacCTPONCTB
n aheKkTBHbIX HapylueHwni. 3abosieBaHne MoATBEPXKAEHO reHETUYECKUM aHaim3om (B reHe FMR1
0bHapyxxeHo 96 nosTopoB CGG). Y goyepwm nauyveHTa BbissrieHa npemytauus reHa FMR1, y BHyka —
cuHgpom MaptuHa-benn. 3akmoveHune. Bpadam-HeBposioram v crieymaanctaM CMEeXHbIX obnacten
cnenyert noMHUTe 0 cuHapome FXTAS (Tpemop/atakcusi, accoynmpoBaHHbIE C JTIOMKOM X-XPOMOCOMO),
Y [P HANINYnn y nalmeHTa COOTBETCTBYIOLLEN CUMITOMaTUKU UCKITIOYUTL PEeKOe HevipodereHepaTnBHOe
3abosieBaHVe nyTém reHeTU4eCcKoro nccenoBaHms mytaLuy B reHe FMR1.

KnroueBbie cnoBa: cuHppom FXTAS; nomkasi X-xpoMocoma; TPEMOP; aTakCusl; HenpogereHepaTnBHoOe
3ab0n1eBaHNe; reH; HapyLUEeHNe KOOPAMHAaLNMN.

Ans yntupoBaHus:

Octanyyk E.C., Manaxos M.B., YukBunagse C.C., KysHeuoB B.B., Mopososa 10.C. CuHgpom
FXTAS (Tpemop/aTakcusi, acCouMMpOBaHHbIE C JIOMKOW X-XPOMOCOMOW). KavHu4Yeckasi rnpakTuka.
2025;16(3):98-104. doi: 10.17816/clinpract676523 EDN: TYCUEA

MocTtynuna 01.03.2025 MpunsaTa 27.08.2025 Ony6nnkosaHa online 09.09.2025

FXTAS Syndrome starts to 50 years of age and
older with an incidence rate in the whole population
being 1/1000-2000 males. FXTAS Syndrome is more
commonly seen in men comparing to women, which
is related to the mechanism of inheritance, for men
have only one X-chromosome, due to which they
are more prone to this mutation. The presence of
the second X-chromosome in women compensates
the pathological allele of the FRM1 gene [4]. With the
aging, the probability of clinical manifestations of
the FXTAS Syndrome increases, which emphasizes
the importance of monitoring the health status of
the carriers of the pathological allele after the age of
50 years [4].

The pathogenesis of FXTAS Syndrome s
multifactorial. First of all, the basis of the FXTAS

pathogenesis has the neurotoxicity aspect due to the
forming non-coding ribosomal RNA with elongated
CGG sequences, which affect the functions of various
proteins, which, in turn, causes the impairment
in the functions and the apoptosis of neurons [5].
Secondly, the mitochondrial dysfunction due to the
expansion of CGG results in the impaired energy
metabolism in the cells and the generation of free
radicals. These metabolic disorders may contribute
to neurodegeneration. Third off, the, inflammatory
processes with high level of inflammatory markers in
FXTAS patients negatively affect the neurovascular
interaction and the neuroplasticity. In addition to that,
the activity of certain genes and proteins, participating
in the protection of neurons from stress, can be altered
in FXTAS Syndrome patients, which promotes to the
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increase in the sensitivity of neurons to damaging
factors [5-10].

In adults, the clinical manifestations of FXTAS
usually begin after 50 years of age, more often
with kinetic tremors, and later on, the elements of
cerebellar ataxia join [3]. The disease manifests with
high phenotypic variability, for among the clinical
signs, besides tremors and cerebellar ataxia, there
could be the parkinsonism syndrome, the oculomotor
and cognitive disorders, as well as the affective
changes, such as depression and agitation [8]. Some
patients can have complaints of sleep disorders and
changes in the emotional aspects [9].

The carriers of the mutations in the FMRT gene,
located at the X-chromosome, can have concomitant
cerebrovascular abnormalities and other neurological
diseases, such as Parkinson’s disease and other
disorders, which complicates the diagnostics [11]. The
diagnostics of FXTAS Syndrome includes several key
stages. Thus, the important aspect is the collection
of the anamnestic data, which allows for detecting
the presence of tremors and impaired coordination,
including similar symptoms among the close relatives.
Within the family, where previously there were cases
of the fragile X-chromosome syndrome, the probability
of the presence of FXTAS in older age men is especially
high. The confirmation of the diagnosis requires the
fragmental analysis of the FMR1 gene for the purpose
of detecting the elongated CGG sequences.

In FXTAS Syndrome patients, the obligatory
procedure is performing the magnetic resonance
imaging (MRI) examination for the evaluation of the
neurodegenerative process in the brain. The main
diagnostic signs in the brain MRI images are the
impairment of the white matter in the middle crus of
cerebellum and the decrease in the volume of the
cerebellum, leading to the impaired coordination of
motions; changes within the white matter expressed
as the hyperintensive areas revealed using the mode
of T2-weighted images, especially in the area of the
frontal and the occipital lobes; atrophic changes in
other areas of the central nervous system, in particular,
the subcortical structures and the brain stem. Besides,
specific is the presence of microstructural changes,
detectable by using the special MRI sequences [12].

At the present moment, there is no therapy specific
for the FXTAS Syndrome. Symptomatic therapy is
used, aimed at minimizing the clinical manifestations.
The important aspect of treatment is the personified
rehabilitation therapy for improving the motor skills
and the cognitive functions [13].
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The prognosis in FXTAS Syndrome patients
depends on many factors, including the age, in which
the correct diagnosis was set, the degree of severity
of symptoms, as well as the individual specific features
of developing diseases and the treatment response.
Though FXTAS Syndrome is a progressive disorder,
the rate of progression is individual, and many patients
can maintain the acceptable quality of life for many
years. Eventually, however, the majority of patients
develop an aggravation in their motor functions
and cognitive capabilities. The diagnosis of FXTAS
Syndrome is confirmed by the genetic counseling of
the family members and by the detection of mutation
in the FMR1 gene.

CLINICAL CASE DESCRIPTION

Patient information

Patient B., aged 68 vyears, Russian, higher
education, admitted for in-patient treatment at the
State Budgetary Healthcare Institution of the Tyumen
Oblast “Regional Clinical Hospital No. 1” in February
2025 with the complaints of tremors in the left palm,
anxiety, agitation and fatigability.

Case history. Approximately two years ago, the
first signs of mild transient tremor in the left arm have
appeared. According to oral information provided by
the patient, the worsening of the conditions started
several months ago (18.10.2024), when he fell and hit
his head (the reason of falling cannot be explained by
the patient). No encounter for medical aid followed.
The patient’'s wife notes that recently he became
“retarded and suspicious”, stopped walking outside,
explaining it by the absence of any will to do so.

On 01.11.2024, in the morning he could not get
up from his bed, had an episode of dizziness with
developing weakness in the whole body, especially
in the lower limbs, after which he fell. At the
In-Patient Department, Brain MRl was conducted
using the diffusion-weighted mode (Diffusion Weight
Imaging, DWI): symmetrical signal increase from the
corticomedullary junction of the brain hemispheres,
from the fibers of the corpus callosum and from
the substance of the middle peduncles of the
cerebellum (Fig. 1).

On 28.01.2025 the patient was consulted by the
Geneticist (with testing for the presence of the expansion
of CGG-repeats in the FMR1 gene): pre-expression
of CGG-repeats was found — 96/0. Increased risk of
developing the tremors-ataxia syndrome.

Past medical history. Ischemic heart disease.
Post-infarction cardiosclerosis with the formation of
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Fig. 1. Symmetrical DWI-hyperintensity at the level of
the corticomedullary junction on both sides at the frontal
(arrows) and parietal lobes.

post-infarction aneurism (gjection fraction — 40%). In
2022 the patient underwent stenting of the heart vessels.

The blood pressure had a long period of
maximal values of 150/90 mm.Hg. (he is taking
Uperio, Torasemide, Bisoprolol, Atorvastatin and
Cardiomagnyl).

In 2023 the patient had an episode of pulmonary
tuberculosis. Long-term history of medical supervision
with chronic obstructive pulmonary disease and with
type 2 diabetes (taking Empagliflozin).

Laboratory and instrumental diagnosis

Neurological status. The general status is
satisfactory. Active body position. Clear consciousness.
The general cerebral symptoms are uncertain. The
oculomotor nerves are unremarkable. Hypomimia. The
face is symmetrical. Primitive oral reflexes detected:
snout reflex, palm-chin reflex (Marinescu sign) on both
sides. The muscle strength in the limbs is sufficient,
except for decreased strength in the arm on the
left side down to 4 points. The muscle tone in the
proximal and the distal areas is increased following
the extrapyramidal pattern, more on the left side. The
reflexes in the limbs (D=S) are increased. Pathological
plantar reflexes — negative. Tremors in the head
(the “no-no” type), in the tongue, mild postural tremor
in the trunk. Periodical myoclonic twitching in the left
palm, right-sided body deviation when standing and

www.clinpractice.ru

walking (the Pisa syndrome). The Romberg stance test
shows a deviation to the right. Finger-to-nose test —
hesitant due to kinetic tremors, more on the left side.
The gait has signs of mild ataxia. Retropulsion. The
superficial and the deep sensorial functions are intact.

General (clinical) hematology panel (04.02.2025):
leucocytes (WBC) 8.81x10%I; Red blood cells (RBC)
4.52x10'%/I; hemoglobin (HGB) 134 g/I; platelets (PLT)
237x10%/1.

The blood biochemistry panel and the ion profile
show no abnormalities, except for creatinine level
elevated up to 115 pmol/I.

Electroencephalography (05.02.2025) — no signs of
paroxysmal activity.

Fundoscopy (04.02.2025):
in both eyes.

Brain MRI (05.02.2025): the observations include
a diffuse inhomogeneous increase of the MRI-signal
from white matter of the brain for T2- and T2-FLAIR
(Fluid-Attenuated Inversion Recovery) images with
spreading to the middle cerebellar peduncles and
the cerebellum hemispheres, with linear-stellar
increase of the MRI-signal for the DWI mode, with
no signs of diffusion restriction. Conclusion: “MRI
signs corresponding to the manifestations of the
neurodegenerative diseases (FXTAS). Diffuse cerebral
atrophy grade I” (Fig. 2, 3).

Consultation by the psychologist (05.02.2025). Using
the method by A.R. Lauria, 3 words out of 10 were
learned, after a period 40 minutes, the test subject has
reproduced one world (ref. range: 5-7 words). The data
indicate the intensive impairment both in the short-term
and in the long-term memory. The moaotivational
component of the memory is decreased. The speed of
mental activity is slowed. The rate and the tempo of the
associative process corresponds to the lower reference
range; deviations were detected in the dynamic mental
activity, expressed as the slower association rate,
decreased mobility and passivity of thinking.

Moderate cognitive disorders were determined
using the Mini-Mental State Examination score (MMSE,
24 points) with moderate sleep disorders according
to the Spiegel scale (15 points), with extremely severe
asthenia according to the subjective scale for asthenia
(Multidimensional Fatigue Inventory, MFI, 20-84%),
clinical anxiety according to the Hospital Anxiety and
Depression Scale (HADS, 15 points).

retinal  angiopathy

Diagnosis
Based on the disease history data, on the
data from neurological and neuropsychological
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Fig. 2. Symmetrical foci of high signal in the T2-weighted
images at the level of the middle cerebellar peduncles.

examination, from the genetic and the instrumental
diagnostics, the following clinical diagnosis was set:
“Neurodegenerative disease of the nervous system,
tremors/ataxia syndrome, associated with the fragile
X-chromosome syndrome (FXTAS). Mild paresis in
the left upper limb. Parkinsonism syndrome. Mixed
(postural, kinetic) resting tremor, more on the left side,
myoclonus in the left palm. Mild ataxic syndrome.
Syndrome of cognitive disorders. Pronounced asthenic
and anxiety syndromes”.

Treatment

At the in-patient stage, the patient was receiving
neurometabolic  therapy: choline  alfoscerate,
ethylmethylhydroxypyridine  succinate, group B
vitamins.

Follow-up and outcome

The patient was discharged from the In-patient
Department on Day 7 for out-patient follow-up by
the Neurologist at place of residence. The neurology
status was showing no significant changes. The
recommendations included the cognitive training
sessions, the metabolic therapy cycle along with
arranging the genetic testing of blood relatives for
the presence of fragile X-chromosome and FXTAS
Syndrome. Repeated hospitalization was scheduled
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Fig. 3. Hyperintensity in the area of the splenium of corpus
callosum in a series of FLAIR (long arrow), additional finding —
foci of symmetrical periventricular leukoaraiosis near the
anterior horns (short arrows).

in 6-9 months for the purpose of an appraisal of clinical
signs and for the correction of therapy.

DISCUSSION

The differential diagnostics of the FXTAS Syndrome
is a complex process. The disease manifests with
high phenotypic variability (tremor, cerebellar ataxia,
parkinsonism, oculomotor disorders, mental disorders).
Taking into consideration the insufficient awareness
among the physicians regarding this disorder, the
patients are often managed with other diagnoses
(Essential tremor, Parkinson disease, multisystem
atrophy, spinocerebellar ataxia etc.). The treatment of
the FXTAS Syndrome is mainly symptomatic, aimed
at the improvement of coordination, and cognitive
functions with decreasing the affective manifestations.

The main diseases to be differentiated with the
FXTAS Syndrome are the Parkinson disease and
the parkinsonism syndrome. Though both these
conditions can include tremors and motor disorders,
in Parkinson’s disease, the patients usually have the
characteristic symmetrical rigidity of muscles, as well
as tremors at rest, which is absent in FXTAS Syndrome
patients, additionally, the MRI scans in Parkinson’s
disease patients can show other changes, such as the
loss of dopaminergic neurons in the black substance
[8, 14, 15]. The national literature contains a single clinical
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case of the FXTAS Syndrome in a male aged 58 years
manifesting as the combination of asymmetrical
disabling postural-kinetic tremors in the upper limbs,
insignificant resting tremors, moderate cerebellar
ataxia, asymmetrical moderate DOPA-sensitive
parkinsonism syndrome, mild cognitive impairment
and psychotic disorders. In the daughter of the patient
presented, a premutation was found in the FMR1
gene, in the grandson — the Martin-Bell syndrome
was detected. The specific feature of the clinical case
was the long-term erroneous following-up the patient
with the diagnosis of Parkinson disease, including the
treatment with high dosages of Levodopa/Carbodopa
(250+25 mg, up to 6 tablets daily) [3].

When conducting the differential diagnostics with
the demyelinating diseases of the brain, in particular,
with multiple sclerosis, which also may cause ataxia and
tremors, our patient had no detected changes in the visual
perception and paresthesias, while the Brain MRI does
not show demyelination foci within the white matter [16].

No less than important is ruling out the variant of
the Huntington’s disease, which often leads to motor
dysfunction and cognitive disorders. The Huntington’s
disease, unlike the FXTAS Syndrome, has its clear
intensive genetic markers and includes the psychiatric
symptoms [17].

CONCLUSION

Exploring the FXTAS Syndrome is extremely
important and topical for modern scientific and
medical communities. The diagnostics of FXTAS
Syndrome requires the thorough reviewing of the
family history, the analysis of clinical symptoms with
the neurovisualization results and arranging the
genetic testing. Timely genetic testing for detecting
the mutation in the FMR1 gene allows for providing the
symptomatic therapy and rehabilitation, which is an
important factor in maintaining the quality of life for the
FXTAS Syndrome patients.
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CASE REPORT

Bilateral Tibial Lesions as an Onset of the Diffuse B-Cellular
Non-Hodgkin Lymphoma

M.V. Karnakova', A.N. Kalyagin', I.V. Andryushchenko?, D.V. Belykh?
1 Irkutsk State Medical University, Irkutsk, Russia;

2 Irkutsk City Clinical Hospital No. 1, Irkutsk, Russia;

3 Irkutsk Regional Pathology Bureau, Irkutsk, Russia

ABSTRACT

BACKGROUND: Diffuse B-cellular non-Hodgkin lymphoma is the most widespread in this group of diseases,
causing the highest number of lymphoma-related lethal outcomes worldwide. The clinical-pathological
heterogeneity of the nosology negatively affects the possibilities of precise and timely diagnostics.
The variety of extranodal locations of the disease requires the participation of a multidisciplinary team of
high qualification specialists, the use of high-tech methods for diagnostics and the aggressive therapy.
The article presents a discussion on the occurrence of the diffuse B-cellular non-Hodgkin lymphoma, on
the rates of an onset with the lesions in the skeleton, on the specific features of the disease course that
is mimicking the rheumatic disease, as well as on the difficulties of recognizing it due to the absence of
specific symptoms at the beginning of the disease and to the necessity of using high-tech instrumental
diagnostic methods. CLINICAL CASE DESCRIPTION: The article presents a clinical case of the patient
aged 57 years, hospitalized to the Regional Tuberculosis Dispensary with the provisional diagnosis of
tuberculosis-associated arthritis of the ankle joints. At the out-patient phase, the differential diagnostics
was conducted between the inflammatory disease of the joints, the trauma, the bone tuberculosis and the
orthopedic abnormalities. The radiology image of the chest cavity organs showed the presence of diffuse
pneumosclerosis, according to the data from multispiral computed tomography, a cystic transformation was
found along with the space-occupying mass lesions and osteolysis in the distal areas of both tibial bones.
Based on the results of the histological examination of the lower third of the left tibia, a diagnosis of diffuse
B-cellular non-Hodgkin lymphoma with high proliferative activity was set, confirmed at the specialized
medical institution using the method for calculating the IPI prognostic index (International Prognostic
Index). CONCLUSION: The presented case demonstrates the necessity for oncological alertness and for
multidisciplinary approach for ruling out the primary and the secondary non-Hodgkin lymphomas of bone
tissue location, mimicking the bilateral disease of the joints, for the purpose of early diagnostics and timely
treatment, improving the prognosis for patients with this group of diseases.

Keywords: B-cell non-Hodgkin lymphoma; diagnosis; rheumatic diseases.

For citation:

Karnakova MV, Kalyagin AN, Andryushchenko IV, Belykh DV. Bilateral Tibial Lesions as an Onset of
the Diffuse B-Cellular Non-Hodgkin Lymphoma. Journal of Clinical Practice. 2025;16(3):105-111.
doi: 10.17816/clinpract678249 EDN: HUMPGY

Submitted 08.04.2025 Accepted 25.08.2025 Published online 09.09.2025

BACKGROUND

The diagnostics of lymphoid tissue tumors
represents a complex task for the clinicist, which is due
to the variety of nosologies in this group of diseases,
many of which have a course mimicking other
pathologies. Diffuse B-cellular large cell lymphoma
differs by the aggressive clinical course with a tendency
to rapid growth and early progression, as well as high
sensitivity to chemotherapy. The occurrence rate
reaches 40% of all the non-Hodgkin lymphomas. The
incidence rate of diffuse B-cellular large cell ymphoma

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

is 4-5 cases per 100 thous. of population. Every year
worldwide, approximately 120 thous. of new cases are
diagnosed. The diseases affect predominantly males
with peak of incidence after 60 years of age [1, 2].
Currently, the clinical cases were described in which
the course of lymphomas included the initial lesions
in the liver, the heart, the mediastinum, the testicles
or the central nervous system [1, 3, 4]. Non-Hodgkin
lymphomas most commonly have a B-cellular origin [5].

Multiple research works have determined the
interrelation between the autoimmune diseases and
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KJIMHUYECKUIA CNTYYAN

[BycTOpOHHee nopa)keHune 6onbliebepLOBbIX KOCTEN
Kak fe6iot andpPysHon B-KneTouHON HEXOAKKNHCKON NMM¢OMDbI

M.B. KapHakoBa', A.H. Kanarux', U.B. AHgprowieHko?, A1.B. Benbix®
" VIpKyTCKMiA FoCy#apCTBEHHbI MEQVLMHCKUI YHUBepcuTeT, VipkyTck, Poccus;

2 pKyTcKas ropofckasi KnmHuydeckas 6onbHuua Ne 1, VpkyTtek, Poceus;

3 MpkyTckoe o6nacTHoe natonoroaHatommyeckoe 6topo, VpkyTtek, Poccus

AHHOTALNA

O6ocHoBaHue. [ueysHas B-kneTouHass HEXOOXXKUHCKas smm@oma sBasieTcs Hambosiee pacripo-
CTpaHEHHOW B JaHHOW rpyrre 3abo/ieBaHn, BbI3bIBaIOLLMX CaMOE BbICOKOE B MUPE YMCII0 CMEPTEH, CBSI-
3aHHbIX C siuMeoMami. KIImHUKO-NaToaorndyeckasl reTeporeHHOCTb HO30/10MrMu OTpuLYaTesibHO BANSET Ha
BO3MO)XHOCTb TOYHOWM Y CBOEBPEMEHHOW ANarHOCTUKY. Pa3Hoobpasve sKCTpaHofalbHOM J1I0Kanm3aymm
3abosieBaHVsT TPeOYEeT yHacTusi MyJbTUQUCUNMIMHAPHON Opurafbl CrneymnaancToB BbICOKOU KBasngu-
Kaymm, npUMEHEHUST BbICOKOTEXHOJIOMNYHbBIX METOLOB ANarHOCTUKU U arpeCCuBHON Tepanun. B ctatbe
obcyxpaeTcs pacrpoCcTpaHEHHOCTb ANGYy3HON B-KNeTOYHOM HEXOOXXKUHCKOW JIMM@GOMbI, 4acToTa
[ebroTa ¢ nopakeHusi ckesieTa, 0OCOBEHHOCTU TEYeHWsI o4 MackKoU peBMaTuyeckoro 3abosieBaHus,
a Takxke TPygHOCTY pacrio3HaBaHusi BBYAY OTCYTCTBUS Crieynn4eckyx CUMITOMOB B Havasie 601e3HN
n HeobXoaMMOCTU WCI0/Ib30BaHNST BbICOKOTEXHOIOMMYHBIX UHCTPYMEHTAa/IbHLIX METOLOB ANarHOCTUKM.
OnucaHne KnIMHU4YECKOro cnyyas. B ctatee rpeacraBieH KIMHUYECKUN Cry4Yali naynmeHTa B BO3pacTe
57 net, rocnutaan3npoBaHHOro B 061acTHOW MPOTUBOTYOEPKYNE3HbIN ANCTIaHCED C MPeaBapUTEsbHbIM
AnarHo3om TybepKy/1E3HOro apTpuTa roIeHOCTOIMHbIX CycTaBoB. Ha ambynaTtopHoMm aTane gugpghepeHLmn-
asbHbIV QUarHo3 rpoBOAMJICS MEXAY BOCMa/INTE/IbHbIM 3ab0/1eBaHNeM CyCcTaBoB, TPaBMo, TyO6epKyé-
30M KOCTeV n opToneanyeckor narosiorven. 1o peHTreHorpaMme opraHoB rpPy4HON KAETKU BbISBEH
Ay 3HbINi MHEBMOCKIIEPOS, MO AaHHbLIM MY/IbTUCTINPAIbHON KOMIMLIOTEPHOW TOMOrpagdum — KUCTO3-
Hasi nepecTporika, 06bEMHbIE 06pa30BaHUS N OCTEOIN3 ANCTallbHbIX OTAE/I0B 06eux 60/bLIeOEPLIOBbIX
kocTeu. [No pe3ynbTatam rucCTo0rM4eCKOro NCCe[0BaHUs HUXKHEN TPETU 1eBO 60/1bLL1ebepLj0BOV KOC-
TV BbICTaB/IEH AnarHo3 Ang@y3HOV B-KIeTOYHOU HEXOOXKUHCKOU JIMMGOMbI C BbICOKOU Mposingepa-
TUBHOW aKTUBHOCTbIO, MOATBEPXKAEHHbIN B MPOMUITBHOM MEAVNLMHCKOM YYPEeXXAeHUN MEeTo40M pacyéra
nporHoctu4eckoro nHaekca IPI (International Prognostic Index). 3aknrouveHue. [lpencraBieHHbIA Cry-
Yari [JEMOHCTPUPYET HEOOXOQUMOCTb OHKOJIOTMHYECKOUW HACTOPOXEHHOCTU M MYJLTUAUCUNITINHAPHOMO
rogxofa 4151 UCKITIOYEHUS NMEPBUYHBLIX Y BTOPUYHBLIX HEXOIXKKUHCKUX JIMMGOM KOCTHOU JIoKam3aumy,
UMUTUPYIOLLIMX [BYCTOPOHHEE 3ab0osieBaHNe CyCTaBOB, C Le/IbI0 PaHHEN ANarHOCTUKU Y CBOEBPEMEHHOO
JIeYeHUSsI, Yy HLLaroLLero nporHo3 A4/1s1 nayneHTOB C 9TOM rpyrnnovi 3a60aeBaHN.

KnroueBble cnoBa: B-KiieTo4YHas HEXO4XXKUHCKas ﬂl/lMd)OMa,' AnarHoCTrKa, pesmartn4eckme 3ab60/1eBaHyIs.

Ana yntupoBaHus:

KapHakoBa M.B., Kansarun A.H., AngptoweHko W.B., Benbix [.B. [IBycTOpoHHEE nopaxkeHne 6osbLue-
6epLoBbIX KOCTEN Kak AebtoT anddy3Hom B-KNeTouHON HEXOOXKKUHCKOW MG OMbI. KimHmndeckas rnpakx-
Tyka. 2025;16(3):105-111. doi: 10.17816/clinpract678249 EDN: HIMPGY
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the high rate of developing B-cellular lymphomas.
The highest risk of non-Hodgkin lymphoma was
observed in cases of Sjogren disease, systemic lupus
erythematosus, rheumatoid arthritis, scleroderma,
dermatomyositis, polymyositis and Still syndrome
[4-6]. The process of differential diagnostics for such
conditions sometimes takes up to two years, which
determines a significant delay of adequate therapy [7].

106

The most frequent locations of primary non-Hodgkin
lymphomas are the femoral and tibial bones, the pelvic
bones, the vertebrae and the ribs. The predominant
findings are the osteolysis foci or a combination of
lytic and sclerotic changes [8]. The tumor tissue often
contains foci of necroses and of accumulating atypical
cells. The process is accompanied by thinning of the
spongy and of the compact bone tissue [8-11].
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CASE REPORT

Here we present a clinical case of the B-cellular
non-Hodgkin lymphoma patient with bilateral lesions
in the distal areas of the tibial bones, by its onset
mimicking the rheumatic disease.

CLINICAL CASE DESCRIPTION

Patient info

Patient S., aged 57 years.

Case history. In autumn of 2018 he started feeling
pain in the area of the ankle joints, increasing with
movements, and swelling in the ankle joints. He
was repeatedly consulted by the surgeon with such
manifestations being estimated as the complications
of chronic ischemia in the lower limbs. Taking into
consideration the past medical history of the patient
(in 2017 — thrombosis of the aneurism in the popliteal
artery with the development of acute ischemia,
femoropopliteal autovenous prosthetic replacement),
this version was considered the top-priority one. The
patient was referred to the vascular surgery specialist,
underwent ultrasound duplex scanning, as a result of
which, a conclusion was drawn that the circulation in
the arteries of the lower limbs was compensated. At
the out-patient phase, the differential diagnostics also
was carried out between the inflammatory disease
of the joints, the trauma, the bone tuberculosis and
the orthopedic abnormalities. The vascular surgery
specialist, the rheumatologist and the orthopaedist
have ruled out the presence of specific abnormalities.

For several months, the severity of symptoms was
progressing, the patient was not able to move without
assistance because of pain. He was then consulted
by the phthisio-orthopaedist and hospitalized to the
Regional Tuberculosis Dispensary with the following
provisional  diagnosis:  “Tuberculosis-associated
arthritis of the ankle joints, congestive peri-articular
abscesses, severe pain syndrome”.

Past medical history. Growth and development
according to the age. Living at a well-furnished
apartment, the living conditions are satisfactory.
Contact with tuberculosis patients — negative
(verbal information provided by the patient). Smoking
approximately one pack a day for many vyears.
In 2015 — pacemaker implantation (ischemic heart
disease, sick sinus node syndrome, atrial fibrillations,
paroxysmal form, normosystole). Suffers from the
obliterating atherosclerosis in the arteries of the lower
limbs, chronic ischemia of the left lower limb stage lib,
in 2017 — surgery operated — femoropopliteal
autovenous by-pass grafting on the right side.
Group Il disability according to the general disease.

www.clinpractice.ru

Laboratory and instrumental diagnosis

On admission the state of the patient has moderate
degree of severity. Body position — sitting on his bed.
The skin and the visible areas of mucosal membranes
are pale-pink and moistened. At the internal surface
from the middle third of the right thigh to the middle
third of the right shin, there is a postoperative scar. The
subcutaneous-fatty tissue and the muscular system
are satisfactorily developed. The occipital, the parotid,
the submandibular, the submental, the cervical, the
supraclavicular, the subclavian, the subpectoral,
the axillary, the cubital, the inguinal, the femoral and
the popliteal lymph nodes are not palpable, the skin
above them is unremarkable. The chest has a correct
shape, being symmetrical and painless, with both
halves participating in the respiratory movements,
the percussion of the lungs reveals a clear pulmonary
percussion sound. The auscultation reveals vesicular
breathing without any abnormal respiratory sounds.
The respiratory rate is 16/minute. The heart projection
area visually has no abnormalities, the cardiac rhythm
is correct, the heart tones are clear and the heart
rate is 76 bpm. Blood pressure — 120/80 mm.Hg. in
both arms. The tongue is clear and moistened. The
abdomen is participating in respiratory movements,
soft and moderately painful in the right hypochondrium;
the liver on palpation is located near the margin of the
right costal arch. The kidneys and the spleen are not
palpable; the costovertebral tenderness test in the
lumbar area is negative on both sides. The urination
and stools show no abnormalities.

Local status: the skin in both feet is hyperemic,
densified and swollen (more on the left side), the
swelling is spreading to the middle third of the shin.
The active and passive motions in the ankle joints are
significantly limited due to the sensation of pain. The
axial load is sharply painful. The peripheral pulsation
in the foot arteries is weakened, more on the left side.
Smoothened contours of the medial malleolus on
the left side, the palpation reveals a non-dislocatable
tumor lesion with doubtful deviation of its dimensions
from the normal ranges, the skin above it has
a dark-crimson shade, being warm.

Laboratory examination. The clinical tests
of blood and urine samples dated 17.05.2019
were normal. Sputum microscopy in search of
Mycobacteria tuberculosis: the result was negative.
The microprecipitation reaction was also negative. No
antibodies were detected to human immunodeficiency
virus, as well as the markers of hepatitis B or C. The
blood biochemistry panel values (parameters: glucose,
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transaminases, bilirubin, total protein, creatinine, urea)
were also within the normal ranges.

Instrumental examination. Multispiral computed
tomography on 12.05.2019: cystic transformation,
volume-occupying mass lesions and osteolysis in the
distal areas of both tibial bones (Fig. 1). Chest cavity
X-ray dated 16.05.2019: diffuse pneumosclerosis.
Ultrasound examination of the abdominal cavity organs
dated 20.05.2019: no signs of structural abnormalities.

Diagnosis

On 28.05.2019, in the settings of the Regional
Tuberculosis Dispensary, the patient underwent an
open-access biopsy of the lower third of the left tibial
bone. The conclusion from the protocol of intra-vitam
pathology examination was the following: “The examined
sample contains a fragment of the bone tissue, in
which the findings include a hypercellular infiltrate of
large lymphocyte-like cells with light-colored nuclei.
Upon the immunophenotyping with using the CD20
marker (x100) — significant expression was found in
all the tumor cells, Ki-67 (x100) — nuclear expression
in 60-70% of the tumor cells, high proliferative activity.
Small fragments of grey-brown tissue, the histological
examination reveals a diffuse hypercellular infiltrate
of large lymphoid cells with light-colored nuclei, with
the presence of nucleoli and of small lymphoid cells.
Diffuse B-cellular large cell non-Hodgkin lymphoma
with high proliferative activity”.
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AIDR 3D S
IRKUESK DC

CASE REPORT

Treatment and outcome

The patient was hospitalized to the specialized
medical institution, where, using the calculated IPI
prognostic index (International Prognostic Index),
developed for predicting the outcome in patients
with aggressive non-Hodgkin lymphoma, he was
confirmed as having a high risk of lymphoma and
polychemotherapy cycles were prescribed.

Sadly, but, despite the conducted therapy, the
status of the patient has progressively worsened, and
in several months the patient has deceased. Such an
outcome, probably, was resulting from the presence
of several risk factors for unfavorable prognosis,
including the age, the extranodal (i.e. localizing
in the internal organs) location of the lymphoma,
its aggressive clinical course with a tendency to
rapid growth and early progression, high IPI risk,
high proliferative activity index in the tumor cells
(Ki-67). There is an opinion stating that the increase
of the Ki-67 specific protein concentration by more
than 20% leads to the worsening of the prognosis
and to the increases probability of developing
a recurrence [10, 11].

DISCUSSION

The bony skeleton in cases of non-Hodgkin
lymphoma gets involved in more than 25% of the cases
of metastatic spreading or even less frequently in
cases of primary bone lymphoma.

SPIRINA G.

Fig. 1. Multispiral computed tomography: osteolytic destructive changes in the distal areas of the tibial bones.
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Primary non-Hodgkin lymphoma in the bone
tissue may cause multiple osteolytic lesions in the
skeleton, in particular, in the lower limbs, the pelvis
and the vertebral column [9, 11-15]. The cases were
described that involve the cranial bones, the orbit, the
upper or lower jaws [16-19]. Non-Hodgkin lymphoma
occurs infrequently, which is why it is rarely included
into the differential-diagnostic search in cases of
osteolytic tumors, besides, the primary non-Hodgkin
lymphoma can be misdiagnosed due to the absence
of symptoms or objective changes in the patients at
early stages, being detected, for example, in cases of
pathological fractures developing as a result of falling
in elderly patients [19]. In the absence of peripheral
lymphadenopathy and lesions in the internal organs,
the diagnosis of non-Hodgkin lymphoma can be set
only as a result of histological examination. During
its onset, the non-Hodgkin lymphoma can mimic
a rheumatic disease, which is confirmed by the
clinical case described above. The foreign literature
describes 17 cases of non-Hodgkin lymphoma with
the course mimicking the mono- or polyarthritis
[9, 12, 19]. Most frequently, lesions were located in
the elbow or the knee joints, and only 3 patients had
the presence of general symptoms (loss of body
weight, weakness, nighttime sweating, fever with
chills). In the majority of cases, the involvement of
joints was the early manifestation of the disease,
and the data from magnetic resonance tomography
were showing signs of a non-specific inflammatory
process in the joints [20]. The clinical observation
presented above is interesting by its symmetrical
location of the pathological process. The literature
has the descriptions of cases of bilateral lesions in the
bones of the lower limbs with their “disappearance”,
i.e. osteolysis. Also known is the possibility of bilateral
location of the pathological process in the adrenal
glands, the urinary ducts and the testicles with
a rapid development of severe functional disorders.
It is recognized that in case of diffuse B-cellular large
cell lymphoma, bilateral symmetrical location of the
process, both in the bones and extranodally, occurs
rarely [20, 21]. Primary bone lymphoma represents
not more than 2% of all the non-Hodgkin lymphomas
in adult patients [20-22]. The detected findings are
the defects in one or more bones, with the possible
involvement of the regional lymph nodes and of the
soft tissues. The disease starts with pain syndrome
with local swelling and developing tumor masses in
the affected area. Most commonly, the diaphyses of
the long tubular bones get involved [22-24].
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The difficulties of diagnostics in this case are
related not only to the low incidence of non-Hodgkin
lymphoma, but also to the absence of symptoms
usually associated with the oncological disease [25].

CONCLUSION

The presented case demonstrates the necessity
of oncological alertness and of the multidisciplinary
approach for the purpose of ruling out the primary or
secondary non-Hodgkin lymphomas with bone tissue
location, imitating the bilateral disease of the joints, for
the purpose of early diagnostics and timely treatment,
for improving the prognosis in patients with this group
of diseases.
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CASE REPORT

The First Experience of Conducting the Anesthetic Support
During a Simultaneous Surgery in a Kindler Syndrome Patient

V.I. Kornev':2, V.M. Machs’, A.S. Pleshkov' 2, M.V. Nikiforov': 2
1 The Nikiforov Russian Center of Emergency and Radiation Medicine, Saint Petersburg, Russia;
2 BELA. Children-Butterflies Charitable Foundation, Moscow, Russia

ABSTRACT

BACKGROUND: Kindler syndrome is a rare autosomal recessive disease, one of the forms of congenital
epidermolysis bullosa. Clinically, the disease manifests by the development of bubbles on the skin and mucosal
membranes with further cicatrization, as well as by the development of narrowing in the esophagus, the
urethra, the vagina and the urinary ducts. In the presented clinical case of the first ever in Russia conducted
simultaneous surgery in the settings of general combined anesthesia in a patient with Kindler syndrome,
evaluation was carried out for the criteria of difficult airways, special attention was paid to the method of
conducting the endotracheal intubation, to monitoring the vital functions of the organism and to following
the multimodal analgesia principle. Due to the high risk of post-operative nausea and vomiting, a necessity
was justified for increasing the antiemetic effect. CLINICAL CASE DESCRIPTION: The main indications
to conducting the surgery in a female patient aged 49 years with congenital epidermolysis bullosa (Kindler
syndrome) were the complaints of significant difficulties and pain upon swallowing, decreased appetite,
presence of dysphagia with a background of inhomogeneous circular narrowing of the esophagus, pain
when moving the eyes and the absence of nasal breathing with a background of nasal vestibule atresia.
The main tasks of surgical treatment were the elimination of incapacitating complications and improving the
quality of life for the patient. The multiplicity of stages in the treatment process was deemed impractical due
to the necessity of conducting three anesthetic support procedures with high risk of additional damaging
the oropharynx and upper airways during tracheal intubation, due to which, a decision was drawn up on
arranging a simultaneous surgical treatment of complications of the main disease. The duration of surgery
was 195 minutes, while the anesthesia lasted for 210 minutes. The performed procedures included the
elimination of eyelid eversion, the dissection of symblepharon, the excision of the nasal vestibule atresia
and the endoscopic dilation of esophageal stricture. The postoperative period was uncompromised with
reported restoring the functioning of nasal breathing, of the visual organs and with the elimination of
dysphagia. Upon the examination conducted 11 months after surgery, there were no signs of recurrence
of the eliminated complications of the main disease. CONCLUSION: Increasing the safety and preventing
the iatrogenic complications during the course of anesthesia in patients with epidermolysis bullosa is the
most important task. The development of modern medical technologies with using the microsurgical and
the endoscopic methods along with the personalized approach in selecting the anesthetic support allow
for wider usage of simultaneous surgeries in the treatment of complications in Kindler syndrome patients.

Keywords: Kindler syndrome; epidermolysis bullosa; difficult airways; general anesthesia; stricture
dilation; endoscopic balloon dilation.
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BACKGROUND

Kindler syndrome is one of the four types of
congenital epidermolysis bullosa, being a very rare
autosomal recessive genodermatosis. As of today, in
the whole world, there are approximately 400 registered
cases of the disease [1]l. Among the main clinical
manifestations of this disease are the formation of
bubbles on the skin and the mucosal membranes
from the moment of birth after a minimal injury,
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generalized progressive poikiloderma, photosensitivity,
pseudosyndactyly, narrowing of the esophagus, of the
urethra, of the vagina and of the urinary ducts, as well
as colitis and esophagitis [2]. The often reported signs
include the dystrophy of nail plates, the ectropion in the
lower eyelids, keratoderma, fibrotic finger constrictions,
impaired sweating (anhidrosis or hypohidrosis),
leukokeratosis of the lips, ulcers in the buccal mucosa
and in the hard/soft palate [3].
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KIMHUYECKWNIA CNTYYAN

nepBbIﬁI onbIT NpoBeAeHNA aHeCcTe3noJNIornyeckoro
noco6ms npu cmmyanaHHoﬁl onepaunmy nauneHTKu
CCMHAPOMOM Klannepa

B.U. KopHes' 2, B.M. Mauc’, A.C. NMnewkos" 2, M.B. Hukucgopos' 2

1 BCepoCCUnCKiin LLEHTP 3KCTPEHHOI 11 paguaLyoHHo MeguumnHbl uMeHn A.M. Hukndgoposa, CaHkT-INeTep6ypr, Poccus;
2 BnaroteopuTenbHbIi doHa «<BAJTA. Oetn-6aboyku», Mockea, Poccuisi

AHHOTALIUA

O6ocHoBaHne. CuHapom KuHanepa — peakoe ayTOCOMHO-peLeccuBHOe 3abosieBaHue, ofHa u3
¢opm BPOXAEHHOrO 6Y/INE3HOrO anugepmoansa. KamHu4ecky 3abosieBaHne rposiB/IsieTcs 0bpa3o-
BaHWEM [1y3bIPEi Ha KOXE U CM3UCTbIX 060/I04YKax C rocaeayroLmM pyobLeBaHneM, a TaKkKe pasBu-
TUEM CY)XEHWI NuLLeBoaa, ypeTpbl, Braraaiija v MOYeTOYHMKOB. B npeactaB/ieHHOM CJiy4Yae nepBov
B Poccumn cumynbTaHHOM ornepauum B YC0BUSIX OOLLeli KOMOWHWPOBAHHOW aHeCTe3un y nauyneHTKU
c cuHgpomMmom KuHgnepa OLeHeHb!I KpUTepun TRYAHbIX AbIXxaTe/lbHbIX MyTen, 0cob0e BHUMaHWNE yaeaeHO
METOAMKE BbINOJIHEHVST SHAOTPAaxeasbHON MHTybaumy Tpaxeu, MOHUTOPUHIY BUTasIbHbIX (DYHKUWI Op-
raHu3ma, CoOJIAEHNIO MPUHLMNa My/IbTUMOZAIbHON aHasibresuy. B cBsi3u ¢ BbICOKUM PUCKOM MOC/Ie-
ornepaLunoHHON TOLLHOTbI U PBOThI 0O0CHOBaHa HEOOXOAUMOCTbE YCUTIEHVST aHTUIMETUYECKOrO aghheKTa.
OnucaHue KinHu4eckoro cisy4asi. OCHOBHbLIMU MOKa3aHUSMU K BbINOJIHEHUIO onepauum y naLlueHTKu
B Bo3pacTe 49 51eT ¢ BPOXAEHHBIM BY/IIE3HBIM SMUZEPMOMN3OM (CUHAPOM KuHaiepa) SBuIch xasaobbl
Ha BbIpa)XxeHHOe 3aTpyaHeHne v 60/b rpu rA0TaHU1, CHXKEHME anmneTuTa, Haanuve gucgarnv Ha ¢poHe
HepaBHOMEPHOIO LNPKY/ISIPHOIO CyXXeHus nuijeBoaa, 60/1e3HEHHOCTb MNPy ABVXKEHUW r71a3, OTCYTCTBUE
HOCOBOIro AbixaHusi Ha ¢hoHe aTpesun npegasepuvsi Hoca. OCHOBHbIMY 3aga4amMy OrnepaTrBHOIrO JI€HEHUS
Oblv yCTPaHEHNE UHBAIMAN3IUPYIOLLNX OCIIOXKHEHWI U YITyHLLIEHNE Ka4YeCTBa XXN3HW nauyneHTku. MHoro-
3TarHoOCTb B ie4eHUn bbisia Nnpu3HaHa HelesaecoobpasHou BBYAY HEOOXOAMMOCTY BbIOJIHEHUS] TPEX aHe-
CTE31OJIOMMNYECKMX MTOCOBUI C BbICOKVIM PUCKOM LOMO/THUTE/IbHbIX MOBPEXXAEHWI POTOMTIOTKU U BEPXHUX
AbiXxaTe/IbHbIX ryTeu rnpu MHTybaumm Tpaxeu, B CBSI3U C YEM MPUHSITO PELLEHNE O CUMYJIbTaHHOM oriepa-
TUBHOM JIEHEHUM OCJIOXKHEHWI OCHOBHOIO 3aboseBaHus. [ninTensHOCTb onepaymy coctasuna 195 MuHyT,
aHectesuy — 210 MUHYT. BbirnosHeHo ycTpaHeHve BbIBOPOTA BEK, paccedyeHne cumbneghapoHa, nccede-
HVe aTpesun rnpeaaBepvsi Hoca n 3HAOCKONUYeCKas annartauusi CTpUKTypbl nuiyesoda. ocieonepaynoH-
HbIVi nepuog npoTekas 6aarornpusiTHO, OTMEHYEHO BOCCTaHOB/IEHUE (DyHKLMN HOCOBOIO fbIXaHWs, OpraHoB
3peHus u ycTpaHeHne aucgarvm. lNpu obcneqoBaHuy Yepes 11 mecsayeB nocie onepaynv npu3HaKkoB pe-
ymamea yCTPaHEHHbIX OC/IOXKHEHU OCHOBHOIO 3ab0osieBaHNsI HE BbIsIBIEHO. 3akKsrodeHune. [10BbiLeHve
6e30racHOCTU v NPouIaKTKa SITPOrEHHbIX OCJIOXHEHW BO BPEMS MPOBEAEHVST aHECTE3UN Y NaLNeH-
TOB C Oy/11E3HBIM 3MYAEPMOIN30M SB/ISIETCS Ba KHENLLIEN 3aaa4e. PasButne CoOBPEMEHHbIX MEANLINH-
CKUIX TEXHOJIOMMI C UCIOb30BaHNEM MUKPOXUPYPIUYECKUX U SHAOCKOMNYECKMX METOAMK, MepCOHaN3u-
pOBaHHOIo rnogxofa B BbIOOpe aHeCTe3MO/I0MM4YEeCKOro nocobusi no3BosisoT 6osee LLUMPOKO NCM0/b30-
BaThb CUMYJIbTaHHbIE Oriepaunm B JIEYEHUN OC/IOXKHEHWI y NMaLUmMeHToB C CUHAPoOMoM KuHanepa.

KnroueBbie cnosa: cuHapom KuHanepa; 6ynnéaHbivi arnvaepMonns; ToYAHbIE AbixaTe/lbHble MyTu; 06LLasi
aHecTeaus; guaataLusl CTPUKTYP; dHOOCKONuYecKas 6asioHHas aunatalms.
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The presence of epidermolysis bullosa in patients
classifies them as the individuals with predictable
difficult airways, which pre-determines a large number
of specific features both when preparing and conducting
the surgery, as well as during the post-operative
management. Among the main problems of the surgical
period that are worth noting, there are difficulties

when ventilating by means of a face mask, by direct
laryngoscopy and by intubation.

Until the present moment in Russia and worldwide,
there were no presented cases of anesthetic
management of simultaneous surgeries in adult patients
with Kindler syndrome. Our article has demonstrated
the first experience of simultaneous surgery in
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a patient with congenital epidermolysis bullosa (Kindler
syndrome) with an accent to specific features of
conducting the combined general anesthesia.

CLINICAL CASE DESCRIPTION

Patient information

Female patient B., aged 49 years, hospitalized to
the Burn Department with Plastic Surgery Unit of the
Federal State Budgetary Institution “The Nikiforov’s
Russian Center of Emergency and Radiation Medicine”
under the Ministry of the Russian Federation for Civil
Defence, Emergencies and Disaster Relief.

The anthropometrical data were the following:
body length 156 cm, body weight 47 kg, body mass
index 19.31 kg/m>.

Case history. The patient has the disease from the
moment of birth. She was born in a multi-child family,
being the outcome of her mother’s 10th pregnancy.
Twelve months after birth, her skin started having
bubbles, both spontaneously and after insignificant
injuries. From the age of 5 years she started noting
the adhesions in her fingers. From the age of 10 years,
besides dizziness, palpitations and increased sweating
at the open sun, she started noting gradual worsening of
microstomia. According to the data from histological and
genetical testing, the Kindler syndrome was confirmed.
Pathological mobility of teeth, reported from the age
of 16 years, has led to their further painless loss until
complete edentia (incapable of wearing the prostheses
due to traumatizing the oral cavity mucosa). At the age
of 27, there was an episode of grade IV dysphagia with
a background of a foreign body in the esophagus: she
underwent mediastinotomy with removing the foreign
body from the esophagus and with further draining.
Due to having a syndactyly in her palms, she was
operated at the age of 6, then at 17 and 20 years with
grafting the cleaved transplants. At the age of 35 years,
upon examination, hydronephrosis was found in the
right kidney, in 2021 she underwent stenting of the
right urinary duct. From the age of 40, the patient was
noting the difficulty of nasal breathing and discomfort
in the frontal area caused by narrowing of the nasal
passages. In 2020 she underwent the dissection of
synechias and the excision of strictures in her left
nasal passage. At the present moment, the patient is
using silicone dilators for preventing the recurrence.
Comparing to the hospitalization in 2021, significant
worsening is reported for the condition of the eyes due
to the progression of conjunctival adhesions.

The main indication for conducting the surgery was
the complaints from the patient of significant difficulties
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and pain upon swallowing, aggravating in the morning
(due to which, only the intake of liquid foods was possible);
decreased appetite; presence of grade llI-IV dysphagia
(Bown scale) with a background of inhomogeneous
circular narrowing of the esophagus at the level of the
bodies of C7-Th1 vertebral bones with a length of up to
8.6 mm and with the maximal narrowing of the lumen
up to 1.6 mm according to the data from esophageal
radioscopy; complaints of pain when moving the eyes,
lacrymation and eye redness with a background of
ectropion, subtotal symblepharon in the lower eyelid
fornix, pseudopterygium in both eyes; absence of nasal
breathing on the right side with a background of complete
atresia of the nasal vestibule on the right side and partial
atresia of the nasal vestibule on the left side.

Laboratory and instrumental diagnosis

The physical status of the patient corresponded
to class II-lll of the scale by the American Society of
Anesthesiologists (ASA). The surgical intervention, by
its extent and type, was considered as the surgery with
moderate traumatic degree. Preoperative evaluation
of the status of the upper airways has revealed the risk
factors of difficult mask ventilation according to the
MMMMASK scale (Mask seal due to the absence of teeth;
Mallampati — class V), difficult installation of the
supraglottic air tube according to the RODS scale
(R — limited opening of the mouth) and difficult direct
laryngoscopy. The criteria for difficult airways were also
determined: mouth opening — 2.9 cm (microstomia)
(Fig. 1), large tongue, complete edentia, thyromental
distance — 6 cm, sternomental distance — 9 cm,
hyomental distance — 4.5 cm, Mallampati test — IV (Fig. 2),
presence of chronic erosions in the oral cavity (Fig. 3).

Provisional diagnosis

Congenital epidermolysis bullosa, Kindler syndrome.
Complete edentia. Microstomia. Chronic erosion of
the hard palate. Dysphagia grade Ill-IV. Esophageal
stenosis. Protein-energetic deficiency of moderate
degree of severity. Chronic mild degree iron-deficient
anemia. Autoimmune thyroiditis, nodular nontoxic
goiter, subclinical hypothyroidism. Hypertensive disease
stage Il. Arterial hypertension grade . Mild eccentric
hypertrophy of the left ventricle. Hydronephrosis of the
right kidney, chronic pyelonephritis.

Treatment

The main tasks of surgical treatment were the
elimination of incapacitating complications and the
improvement of the quality of life for the female patient.

https://doi.org/10.17816/clinpract687551
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Fig. 1. Cicatricial stricture of the mouth
with the formation of microstomia.

When planning the surgery, the multiplicity of stages
in the treatment was deemed impractical due to the
necessity of conducting three anesthetic support
procedures with high risk of additional damaging the
oropharynx and upper airways upon tracheal intubation.
The traditional scales of evaluating the risk of difficult
intubation — ElI-Ganzouri Risk Index, LEMON, Arne,
MOSCOW-TD — were also inapplicable due to the
absence of the possibility of measuring the distance
between the incisors (complete edentia) as one of the
important signs of predicting the difficult intubation.
Thus, the patient was proposed to undergo simultaneous
surgical treatment of complications of the main disease.

At the first stage, a microsurgical technique
was used for dissecting the symblepharon with the
elimination of pseudopterygium; other procedures
included the application of amniotic covering; the
external canthotomy in the left and the right eyes;
the elimination of the eversion in the lower eyelid with
the grafting of the free dermal flap to the left and the
right eyes; the second stage included the dissection of
the synechias in the nasal cavity on the left side and
on the right side, the dilatation of the nasal valve on
the left side with an installation of the rhinological splint
containing the airway; at third stage, the procedures
included the endoscopic balloon dilation of the
cicatrical stricture in the upper third of the esophagus
under the intra-operative radiology control.

Due to the specific features of the main disease,
implementing the standard algorithm for achieving
the passability of the upper airways was hampered.
The anesthesiology support was conducted based
on the general combined anesthesia with tracheal
intubation and artificial pulmonary ventilation. As the
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Fig. 2. Class IV oropharynx structure
according to S.R. Mallampati.

Fig. 3. Chronic erosion of the hard
palate.

temporary vascular access, 18G peripheral venous
catheter was used, fixated to the skin with the Mepitac
(Sweden) soft silicone-based non-adhesive patch.
The premedication used included the administration
of Dexamethasone at a dosage of 4 mg (calculated
as 0.1 mg/kg), Metoclopramide 10 mg (calculated as
0.25 mg/kg). The preoxygenation with 100% oxygen
fraction in the inhaled gas mixture (FiO,) was performed
for 3 minutes. The induction of anesthesia was initiated
by means of consecutive intravenous injections of
Propofol at a dosage of 100 mg (2-2.5 mg/kg), Fentanyl
0.2 mg (3-3.5 pg/kg) and Rocuronium bromide 20 mg
(0.6 mg/kg). The anesthesia was maintained by
the inhalation of Sevoflurane (minimal alveolar
concentration 0.8-1.0%) and by the bolus injection
of Fentanyl (1 pg) as needed during the traumatizing
stages of surgical treatment. The oxygen fraction in
the breathing mixture was 50% with the flow rate of
anesthetic gas mixture being 1 I/minute. In order to
minimize the injury inflicted to the mucosal membranes
when conducting the intubation, water-based lidocaine
gel was used — Cathejell (Austria).

For the purpose of preventing the damage of
trachea by the cuff of the endotracheal tube, an optimal
pressure was maintained in it. In order to conduct the
intubation, the endotracheal tube made of Ivory-type
soft polyvinyl chloride was used along with the
No. 6.5 cuff. The cuff pressure was maintained using
the manometry at the level minimally acceptable
for hermetization — 20 cmH20 with controls every
15 minutes during the whole course of surgery. If
necessary, cuff pressure correction was made.

The intubation of the trachea was done using
the videolaryngoscopy method with the C-MAC
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laryngoscope (Karl Storz, Germany) and the “D-BLADE”
blade. The laryngoscopic findings corresponded
to class lla according to the Fremantle scale of the
Cormack-Lehane classification system. The intubation
employed the modified bougie method. The fixation
of the endotracheal tube was performed using the
wraps, protecting the skin with Mepilex (Sweden)
silicone-based bandage (Fig. 4). The artificial pulmonary
ventilation was done using the Mindray WATO
EX-35 anesthesia machine (China) following the mode
of pressure control ventilation (PCV).

The monitored vital parameters included the
pulse-oximetry, the carbonometry, the
electrocardiography  (ECG), the  non-invasive

measurement of blood pressure and thermometry.
The blood circulation parameters (blood pressure —
non-invasive, heart rate, ECG) were controlled at all the
stages of surgical intervention, as well as in 2 hours
after surgery at the hospital ward. These parameters
had stable values at all the stages. In order to prevent
the skin damage when fixating the ECG electrodes and
the peripheral venous catheter, the soft silicone-based
patches were used (Mepitac, Sweden) (Fig. 5).

Under the cuff of non-invasive blood pressure
measurement equipment, the Rolta-soft (Germany)
synthetic cotton layer was placed. For preventing the
skin damage, under all the areas of bony prominences,
gel pads were placed for the whole surgical intervention.

The duration of surgical intervention was
195 minutes, the anesthesia lasted for 210 minutes.
In order to observe the multimodal principle of
post-operative analgesia, 30 minutes before the end
of surgery, followed the intravenous administration of
30 mg Ketorol solution and 1000 mg of Paracetamol. In
order to support the antiemetic effect of Dexamethasone
and Metoclopramide (control of nausea and vomiting),
to the end of surgery, additional administration of
Ondansetron was conducted at a dosage of 4 mg (risk
of post-operative nausea and vomiting in a patient
when applying the Apfel scale is 3 points, or 60%).
The extubation was carried out after the complete re-
gaining of consciousness and of the neuromuscular
conductivity. After 2 hours in a specialized Department
ward, additional evaluation of the post-operative
nausea was performed with the detailing of the patient’s
subjective sense of foreign body presence, coughing
and difficulties while breathing after removing the
endotracheal tube.

The post-operative period had a favorable course
without complications. No complaints regarding the
status of the upper airways and the oropharynx after
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Fig. 4. The method of protecting the skin during the
fixation of endotracheal tube using non-adhesive silicone
dressings.

Fig. 5. The method of fixating the electrodes for
ECG-monitoring with silicone patches with the adhesive
part removed.

the extubation were reported by the female patient.
No episodes of post-operative nausea or vomiting
were registered at the early post-surgery period. The
female patient has noted a significant improvement
in her ability to shut the eyelids with a background
of complete survival of the transplants in the lower
eyelids.

Restoring the functions of nasal breathing, of the
visual organs and the elimination of dysphagia using
the method of endoscopic balloon dilation has allowed
for discharging the female patient on day 8 after surgery
in generally satisfactory status for further out-patient
treatment.

Eleven months after surgery, during the repeated
visual examination and general check-up, no signs of
recurrence of the eliminated complications of the main
disease were detected in the patient.

DISCUSSION

The most frequent non-dermal manifestations
of the Kindler syndrome are the damage of the
gastrointestinal tract, of the urogenital system and of

https://doi.org/10.17816/clinpract687551
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the visual organs. The national and foreign scientific
literature has insufficient data on the selection of
anesthesia method and on the perioperative managing
of this category of patients. Besides, there are no data
found on arranging the simultaneous surgeries in the
settings of general anesthesia in Kindler syndrome
patients in the accessible literature sources. Currently,
a certain experience was gathered on selecting the
anesthesia in case of surgical treatment among the
patients with other types of epidermolysis bullosa,
which, generally, depends on the severity of the main
disease, as well as on the extent and the duration of
surgical intervention. According to the literature data,
in patients with epidermolysis bullosa, the methods
that can be safely used include the general anesthesia,
the neuraxial and the regional types of anesthesia [4].
During the period of preparing the patient for surgery,
just like at the stage of its completion, it is important to
keep in mind the necessity of preserving the patient’s
ability for unassisted relocation to the surgery table,
due to which the preanesthetic medication in adult
patients is generally not used [5].

According to the data from S.L. Solanki et al. [5],
general anesthesia is the method of choice in
patients with Kindler syndrome. At the same time,
we suggest it is important to keep in mind that this
type of anesthesia in such patients is associated
with traumatic manipulations (direct laryngoscopy,
videolaryngoscopy, mask ventilation) and risks of
developing large bubbles in the laryngeal part of
throat when using the devices intended for assuring
the passability of the airways (air lines, endotracheal
tubes). According to the opinion from B.Z. Mello
et al. [6], when using the lubricants with abundant
lubing the laryngoscope blade and the endotracheal
tube, the risk of bubble formation significantly
decreases.

Taking into consideration that Kindler syndrome
patients are related to the category of patients with
difficult airways, the conduction of combined general
anesthesia with tracheal intubation remains quite
a difficult task even for the experienced anesthesiology
and resuscitation physicians, also due to the possible
necessity of emergency use of surgical methods
for restoring the passability of the upper airways
(tracheostomy, cricothyrotomy) in case of bubbles
forming with the development of asphyxia [7]. The
issue of using supraglottic air tubes until the present
moment remains disputable, for even the minimal
traumatization during this procedure can contribute to
the formation of bubbles in the mucosal membrane of
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the laryngopharynx [7]. Besides, there are insufficient
data on selecting the devices and on the practical
features of using the supraglottic air tubes in patients
with epidermolysis bullosa [4].

Tracheal intubation, as the most reliable method
of protecting the upper airways, especially in the
presence of dysphagia, from our point of view, is the
method of choice when arranging the anesthesia in this
category of patients. In cases of single-level lesions
in the esophagus, the balloon dilation can be carried
out in the settings of intravenous anesthesia, without
the tracheal intubation [8], while in cases of multi-level
lesions — only in the settings of general anesthesia
with the intubation of trachea.

In the presented clinical case, we have
demonstrated the successful usage of video-assisted
tracheal intubation with the background of microstomia
in a Kindler syndrome patient, however, care should be
taken regarding the possibilities of successful usage
of fiber optic methods in such patients [5]. Sadly,
but, according to our own experience of treating the
patients with congenital epidermolysis bullosa, as well
as according the experience of the foreign colleagues,
it is not always possible to perform the endotracheal
intubation using fiber optic techniques, for some cases
require combining it with videolaryngoscopy [9].

In all the patients with congenital epidermolysis
bullosa, regardless of the type of diseases, there are
high risks of perioperative complications related to the
intra-operative monitoring of vital functions, such as
damaging the skin or mucosa when conducting the ECG
monitoring, pulse oximetry, non-invasive measurement
of blood pressure, providing the temporary vascular
access (catheterization of the peripheral and central
veins). There is no doubt that the major importance in
the work of an anesthesiologist-intensivist managing
such patients belongs to the use of medical products
based on silicone without the adhesive components,
not leading to iatrogenic damage of the skin or mucosal
membranes.

CONCLUSION

The presented clinical case demonstrates the
possibility of safely performing the simultaneous
surgery in patients with congenital epidermolysis
bullosa. The issue of the extent of surgical intervention
will be defined for each patient on an individual basis.
Protecting the skin and the mucosal membranes when
arranging the anesthetic support in Kindler syndrome
patients is the fundamental principle that allows for
avoiding complications.
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The development of modern medical technologies
with using the microsurgical and endoscopic methods,
the usage of personalized approach in selecting
the anesthetic support allow for wider application
of simultaneous surgeries in the treatment of
complications in patients with Kindler syndrome.
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The Case of a Patient with Acute Herpes-Associated Retinal
Necrosis

A.D. Chuprov, A.S. Firsov, D.A. Barinov
The S. Fyodorov Eye Microsurgery Federal State Institution, Orenburg branch, Orenburg, Russia

ABSTRACT

BACKGROUND: Acute retinal necrosis is a serious uveal syndrome of viral origin, which manifests with
inflammatory reaction in the vitreous body and in the anterior chamber of the eye, along with the rapidly
progressing peripheral necrotic retinitis and occlusive vasculitis. This condition is complicated by retinal
detachment in 65-75% of the cases, which may lead to the complete loss of vision. The prognosis for the
patients with acute retinal necrosis is generally unfavorable: in case of late diagnostics and insufficient treatment,
there is a risk of irreversible blindness, while in 60% of the cases, a decrease in the visual functions below 0.1 is
observed. CLINICAL CASE DESCRIPTION: The female patient M., aged 57 years, in 2023 was admitted
with the complaints of decreased vision acuity and photophobia in her right eye developing 2 months after
a previous episode of acute respiratory viral infection. Physical examination data for the right eye (OD): best
corrected visual acuity 0.2, intraocular pressure 29 mm.Hg., the anterior-posterior size is 23.06 mm; according
to the biomicroscopy data — pericorneal injection of the conjunctiva and variously sized white-colored
precipitates along the whole corneal endothelium. 3 weeks after the initial treatment, the patient had retinal
detachment with a decrease in visual acuity to light perception with proper light projection. After the conducted
conservative and surgical ophthalmological treatment, including the treatment prescribed by the Infectious
Disease Physician, from the beginning of 2024 and to the present day, the periodical control examinations
reveal the best corrected visual acuity of 0.1-0.2 in the right eye (OD) of the patient. The intraocular pressure is
15-16 mm.Hg, the anterior-posterior size in 2025 became equal to 21.63 mm. The field of vision has changed
insignificantly, without any clear negative changes. Ophthalmoscopically and according to the data from the
optical coherence tomography, there is a persisting cystous intraretinal edema, tangential-traction syndrome
and pre-retinal membrane in the right eye with no negative changes; the retina is attached in all the meridians.
CONCLUSION: This case underlines the importance of the combined and multidisciplinary approach to the
diagnostics and treatment of ophthalmological diseases caused by viral infections.

Keywords: acute retinal necrosis; herpesviral infections; uveitides; microinvasive vitrectomy; clinical case.
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BACKGROUND

Acute retinal necrosis (ARN) represents a syndrome
of acute panuveitis with retinal periarteritis, which
progresses into the diffuse necrotic retinitis and
retinal detachment. The syndrome was first described
in 1971 by A. Urayama et al. [1]. In 1982, a research
conducted by the team of W.W. Culbertson using
the electronic microscopy, allowed for detecting the
herpes virus in all the layers of the affected retina,
which has confirmed the participation of viruses in
the development of the disease. The main etiological
factors of acute retinal necrosis are the Varicella zoster
virus, as well as the Herpes simplex virus (HSV-1 and
HSV-2), the Cytomegalovirus and the Epstein-Barr virus.
Extremely rarely ARN occurs as a result of co-infection
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with several viruses [2-4]. In the pathogenesis of this
disease, a definite role can be played by the carriership
of the main histocompatibility complex alleles (human
leucocyte antigens, HLA), in particular, DQw7, Bw62
and DR4 [5].

Acute retinal necrosis is a socially significant
problem, for it belongs to the group of serious
inflammatory diseases of the posterior segment of
the eye, accompanied by high rates of incapacitation
among the patients. The rate of developing ARN varies
from 2% to 7% among all the cases of uveitis [6]. Within
the territorial borders of the Russian Federation, among
the patients with severe uveitides, receiving therapy
within the premises of the ophthalmology in-patient
unit, ARN occurs in 8.9% of the cases [7].

© Eco-Vector, 2025
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KIMHUYECKWNIA CNTYYAN

JleyeHne NayMeHTa C OCTPbIM reprnecaccoumnpoBaHHbIM
HeKpPOo30M ceTyaTKu

A.A. Yynpos, A.C. ®upcos, 1.A. BapuHoB
Me>xoTpacneBon Hay4YHO-TEXHNYECKIMI KoMMeKe «Mukpoxunpyprius rmasa» umeHu akagemuka C.H. ®egoposa, OpeHbyprckui
dwununan, OpeHbypr, Poccus

AHHOTALUNSA

O6ocHoBaHue. OCTPbIi HEKPO3 CEeTYaTKU (OCTPbLIN PETUHAsIbHBIM HEKPO3) SIB/ISIETCS CePbE3HLIM yBe-
aslbHbIM CYIHAPOMOM BUPYCHOIO MPOUCXOXAEHWS, KOTOPbIN MPOSIBASIETCS BOCMA/IMNTE/IbHON peakLmnemn
B CTEKJIOBUAHOM TeJie Y MEPEAHEN KaMepe r71a3a, a Takxe ObICTPO MPOrpeccUpyoLyM nepruihepuiecKkum
HEKPOTUYECKNM PETUHUTOM M OKKJTO3UBHbBIM BaCKY/IMTOM. OTO COCTOSIHNE OCJIOXKHSIETCS OTC/IONKOM CeT-
yatky B 65-75% criydaeB, 4TO MOXKET MPUBECTU K MOJIHOV rnoTepe 3peHus. [porHo3 415 naymeHToB
C OCTPbIM PETUHAIBbHbLIM HEKPO3OM B LI€/IOM HEOIaronpusiTHbINA: rnpv no3gHen uarHoCTUKe 1 He4ocTa-
TOYHOM JIEHYEHUU CYLLECTBYET PUCK HEOOpaTUMOU cienoTsl, a B 60% cay4yaeB Habo[aeTCcsi CHYKEHUE
3puTesibHbIX yHKUMY Hyke 0,1. OnucaHne KnnHndeckoro ciaydyas. [layveHtka M., 57 net, B 2023 rogy
obpatunack C xanobamy Ha CHVKEHWE 3PeHVSsT, CBETOOOSI3Hb Ha rpaBoM r71a3y Yyepes 2 mecsua rocre
repeHeCcCEéHHOW OCTPOV PECNPaToOpPHON BUPYCHOM mHGeKUnn. [aHHble ocMoTpa rnpaBoro rmasa (OD):
MaKkcuMasibHO KoppurupoBaHHas ocTpoTa 3peHus 0,2, BHyTpurnasHoe fabieHne 29 MM PT.CT., nepegHe-
3agHu pasmep 23,06 MM; o gaHHbLIM BUOMUKPOCKONUN — rNepPUKOPHEeasIbHasi UHbEKLNST KOHBIOHKTUBBI,
pasHoKambepHble npeunnuTaTbl 6e/10ro LBeTa rno BCeMy dHAOTEMNIO porosuLbl. Yepes 3 Heaenn noce
repBUYHOro 0bpaLLeHVsT y NayneHTKY MPOU30LL/Ia OTC/IONKaA CETYaTKN CO CHUPKEHUEM OCTPOTbI 3PEHUS
[0 CBETOOLYYLEHNS C MpaBu/ibHOV cBeTornpoekymuen. llocae npoBegéHHOro KOHCEPBaTUBHOMO U orle-
pPaTUBHOIoO OhTasIbMOSIOrNYECKOro JIeHeHWsl, B TOM YUCJIE JIeHEeHUS, Ha3Ha4YeHHOro NHMEKLNOHNCTOM,
B TeyeHue 2024 roga v rno HacTosLee BpeMs Mpuv Nnepuoanyecknx KOHTPO/IbHbIX OCMOTPax rnokasaresim
MaKkcuMasibHO KOpPpUrnpoBaHHOM oCcTpoThl 3peHuvsi OD y naumeHTku coctasnsiot 0,1-0,2. BHyTpurnasHoe
fasneHve 15-16 mm pT.cT., nepegHe3agHui pasmep B 2025 rogy — 21,63 mm. None 3peHnsi u3MeHuIoCh
He3Ha4yuTeslbHO, 6e3 SIBHOW oTpuyaTesibHou anHamuky. OdTaibMOCKONUYECKU Y 10 AaHHbIM ONMTUYECKOMN
KOrepeHTHOM TOMOrpagun CoXpaHsItoTCs KUCTO3HbIM MHTPAPETUHASIbHBIV OTEK, TaHreHYMasibHO-TpaKUym-
OHHbIVi CUHAPOM, MPpepeTnHaibHas MemMbpaHa Ha rnpaBoM a3y 6e3 oTpuLaTe/ibHON AUHaMUKK; ceTHaTka
MPUIEXUT BO BCeX MepyanaHax. 3aknrodeHne. [JaHHbI ciyvar nog4EpKMBaeT BaXKHOCTb KOMIMTIEKCHO-
ro v MybTUANCLUUIMIMHEPHOrO NoAxo4a K ANarHOCTUKE U JIEHEHUIO OhTaslbMOIOrM4eCcKux 3aboieBaHui,
BbI3BaHHbIX BUPYCHBIMU UHEKLNSIMU.

KrnroueBble crioBa: OCTPbIF HEKPO3 CETHYAaTKW; reprieCBUPYCHbIE HEKUMY; YBEUTbI; MUKDOMHBa3UBHAas
BUTPIKTOMUSI;, KITMHNHECKUI CITyHau.
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30M cetyaTku. KimHnydeckas npaktuka. 2025;16(3):120-128.
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According to the data from scientific literature, ARN
is often observed in the individuals without serious
somatic diseases, less frequently it can be found
among the ones suffering from the immunodepressive
diseases or undergoing the immunosuppressive
therapy. This disease can develop at any age and it is
more commonly seen among men [8].

The diagnosis of ARN is set based on the
examination results in accordance with the criteria
developed by the American Uveitis Society in 1994.
The standard criteria include the following: the

presence of retinal necrosis foci in the peripheral areas
of the retina, the rapid progression of the disease
in the absence of antiviral therapy with concentric
spreading along the circumference of the retina to
the central area, as well as the development of the
occlusive vasculopathy and significant inflammatory
reaction in the vitreous body [9, 10]. ARN is
characterized by an acute unilateral course, while the
bilateral variation is observed in 8.7-33% of the cases
[11, 12]. With this, both eyes are not always affected
simultaneously: generally, signs of the disease in the
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second eyeball were developing within 12-14 weeks
from the moment of detecting the disease, however,
in 3.4% and 13.6% of the cases, this occurred
after 2 and 4 years of follow-up, respectively [11, 13].

The prognosis for ARN is generally unfavorable:
in cases of late diagnostics and insufficient
treatment, blindness develops in 64% of the cases,
with the vision acuity decreasing down to less than
0.1 in 60% of the cases. ARN can be complicated
by retinal detachment in 65-75% of the cases, by
the ischemic neuropathy of the optic nerve, by
the occlusion of the central retinal vein and by the
haemophthalmos. Ultimately, the disease leads
to retinal atrophy, partial optic nerve atrophy and
proliferative vitreoretinopathy [14-16].

The treatment of acute retinal necrosis includes
the intensive therapy directed at fighting the viruses,
the inflammation and at strengthening the immune
system, accompanied by the use of antiaggregants
and anticoagulants [6, 17]. In case of occurring
peripheral ruptures in the retina, laser coagulation is
conducted [6]. Surgical treatment methods for ARN
complications, such as retinal detachment and fibrosis
of the vitreous body, include the vitrectomy [10, 18, 19].

After an episode of ARN, the patient requires
dynamic follow-up, allowing for timely detection of the
pathological changes that need urgent treatment.

The article provides an evaluation of the efficiency
of the conducted treatment in a patient with acute
retinal necrosis, developing after a previous episode
of acute respiratory viral infection and after an
exacerbation of herpetic infection.

CLINICAL CASE DESCRIPTION

Patient information

Female patient M., aged 57 years, in 2023 has visited
the Orenburg affiliated branch of the Federal State
Autonomous Institution “National Medical Research
Center “The Interdisciplinary Scientific-Technical
Complex “S. Fyodorov Eye Microsurgery Federal
State Institution” under the Ministry of Health of the
Russian Federation (FSAI NMRC ISTC S. Fyodorov
Eye Microsurgery Federal State Institution under the
Ministry of Health of the Russian Federation) with the
complaints of decreased vision acuity, photophobia
in her right eye developing 2 months after a previous
episode of acute respiratory viral infection (ARVI).

Case history. The female patient had an ARVI within
a week, after which she was noting the exacerbation
of herpetic infection, as well as the development of
iridocyclitis in her right eye. No specific treatment for
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ARVI or herpetic infection was provided to her. Due
to the iridocyclitis in the right eye, she was receiving
instillations of antibiotics, antiviral medicines,
non-steroid  anti-inflammatory medications and
subconjunctival injections of dexamethasone. With
a background of therapy, no clear positive changes
were reported and in 2 months after an ARVI, the
female patient has noted a rapid deterioration of the
vision in her right eye. For the verification of diagnosis,
the patient was referred to the Orenburg affiliated
branch of the FSAI NMRC ISTC S. Fyodorov Eye
Microsurgery Federal State Institution under the
Ministry of Health of the Russian Federation.

Of all the concomitant diseases, the patient reports
chronic viral hepatitis C and chronic herpesviral
infection.

Ophthalmology history — not compromised.

Laboratory and instrumental diagnosis

After an examination, the best corrected visual
acuity (BCVA) in the right eye (oculus dexter, OD)
was 0.2, while in the left one (oculus sinister, OS) —
0.9-1.0; the pneumotonometry values were 29 and
23 mm.Hg.; the anterior-posterior dimensions of the
eyes according to the data from optic biometry were
23.06 mm and 22.9 mm, respectively. The data from
the kinetic spheroperimetry are provided in Fig. 1.

According to the biomicroscopy data, the anterior and
posterior segments of the left eye were unremarkable.
The right eye was showing pericorneal injection of the
conjunctiva, variously sized white-colored precipitates
all along the retinal endothelium.

Fundoscopy (ophthalmoscopy): the vitreous body
of the right eye contains a suspension of fibrin and
coagulated blood; the retina is not accessible for
examination.

Ultrasound examination using the Quantel Medical
Aviso V:5.0.0 (France) ophthalmology diagnostics
scanner: the vitreous body of the right eye contains
multiple inclusions visualized as bodies, flakes, chords
and adhesions, with the retrovitreal areas of turbidity
with various echogenicity, non-fixated posterior
detachment of the vitreous body (Fig. 2).

Provisional diagnosis

Vitreous opacity, vitreitis, consequences of past
iridocyclitis in the right eye.

The recommendations included conducting the
endovitreal intervention.

Upon performing the microinvasive vitrectomy with
endo-laser coagulation of the retina, the findings include

https://doi.org/10.17816/clinpract688478
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Fig. 1. The kinetic spheroperimetry upon the initial examination: the detected findings include a narrowing of the vision
field margins in the right eye (OD), more in the temporal and the nasal meridians, the left eye (OS) is unremarkable.

Fig. 2. Ultrasound examination of the right eye: multiple
inclusions were found, visualized as bodies, flakes (yellow
arrow), strands and adhesions of various echogenicity
(green arrow), non-fixated posterior detachment of the
vitreous body (blue arrow).

the desolation in the blood vessels of the lower-temporal
arcade, hemorrhages and microaneurisms in the nasal
meridians at the close and middle peripheral areas of
the ocular fundus, where the surgical intervention was
actually conducted (Fig. 3).

On the next day after surgery, the female patient
was discharged with positive changes for further
out-patient treatment with the recommendation to
undergo an examination at the infectiologist’s office.
On discharge, the BCVA of her right eye was 0.75;
pneumotonometry — 11 mm.Hg.; the vision field,
according to the data from kinetic spheroperimetry,
has increased (Fig. 4).

www.clinpractice.ru

Two weeks after surgery, the female patient has
again presented to the Orenburg affiliated branch of
the FSAI NMRC ISTC S. Fyodorov Eye Microsurgery
Federal State Institution under the Ministry of Health
of the Russian Federation with the complaints of
rapid deterioration of vision in the right eye, with
developing the “curtain” in front of it. During this
period, the female patient was examined at place of
residence by the infectiologist and was tested for the

Fig. 3. Intraoperative photography image of the ocular
fundus of the right eye: desolation of the vessels in the
lower-temporal arcade (blue arrow), hemorrhages (yellow
arrow) and microaneurisms (green arrow) in the nasal
meridians in the close and the middle periphery of the
ocular fundus.
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Fig. 4. Kinetic spheroperimetry of the right eye during
the first 24 hours after surgery: the observations include
significant enlargement of the vision field margins in the
right eye.

presence of infections, caused by the Herpesviridae
family of viruses: an increased titer of antibodies to
HSV-1 was found, due to which, by the prescription
from the physician, she was receiving glucocorticoids
(Prednisolone) at high dosages.

Upon the examination, the BCVA in the right eye is 1/
pr.l.certae (light perception with correct light projection),
in the left one — 1.0. The pneumotonometry parameters
were 16 and 19 mm.Hg., respectively. Due to the absence
of spatial vision on the right eye, the field of vision in it
was not examined, in the left eye it was normal.

According to the data from biomicroscopy, the
anterior and the posterior segments of her left eye were
unremarkable. The right eye was showing superficial
conjunctival injection, initial turbidity in the eye lens.
Fundoscopy (ophthalmoscopy): mobile dome with
total retinal detachment and with the rupture from the
ora serrata at 5-9 o’clock (Fig. 5, a); in the lower- and
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upper-inner quadrants, as well as in the upper-external
quadrant, there is a peripheral necrosis of retina along
the ora serrata (Fig. 5, b—d).

Ultrasound examination of the right eye: the scanned
findings in the vitreal cavity were showing multiple
inclusions visualized as bodies and strands; the total
retinal detachment was observed in all the meridians at
the close, the middle and the marginal periphery with
retinal dialysis from the ora serrata at the 5-9 o’clock
meridian, the detachment height is up to 8 mm, the
retina is mobile (Fig. 6).

Definitive diagnosis

Retinal detachment with retinal tear, acute retinal
necrosis (presumably, herpes-associated), avitria,
operated haemophthalmos, primary complicated
cataract in the right eye.

Treatment

An endovitreal intervention was conducted
(retinotomy, membrane peel and tamponade with
perfluoroorganic compounds) with simultaneous
phacoemulsification of the cataract and an implantation
of the intraocular lens into the right eye with further
(in 5 days) replacement of the perfluoroorganic
compound with silicone oil (Densiron) and retinal
endo-laser coagulation.

follow-up and outcomes

On discharge, the BCVA in the right eye was 0.3;
the pneumotonometry result was 16 mm.Hg.; the
field of vision, according to the data from Kkinetic
spheroperimetry, has increased (Fig. 7).

Fundoscopy (ophthalmoscopy): the vitreal cavity
contains silicone oil; the optic nerve disc is slightly pale,
monotonous; the retina is attached, the retinotomy
margins are adapted, pronounced coagulates were
found.

Fig. 5. Intraoperative (2 weeks after surgical intervention) photography images of the posterior segment of the right
eye: a — total retinal detachment with a tear at 5-9 o’clock from the ora serrata (blue arrow); peripheral necrosis of the
retina along the ora serrata (green arrow): b — lower-internal quadrant; ¢ — upper-internal quadrant; d — upper-external
quadrant.
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Fig. 6. Ultrasound examination of the right eye 2 weeks
after surgery: total retinal detachment is observed in all
the meridians at the close, the middle and the marginal
periphery with a retinal tear from the ora serrata at the
5-9 o’clock meridian, with a height of up to 8 mm, the retina
is mobile.

Fig. 7. Kinetic spheroperimetry of the right eye after
a repeated surgical intervention: the observations include
significant enlargement of the vision field comparing to
preoperative (not defined).

During the control examination in 2.5 month
after surgery: BCVA in the right eye — 0.35;
pneumotonometry — 24 mm.Hg.; the field of vision
has practically not changed comparing to the previous
examination; the left eye has no changes.

Biomicroscopy of the right eye: superficial injection
of the conjunctiva; the intraocular lens is centered.
Ophthalmoscopy of the right eye: tamponade with
silicone oil, the silicone oil is emulsified; the optic
nerve disc is slightly pale, monotonous; the retina is
attached in all the meridians; the retinotomy margins
are adapted, the coagulated areas are pronounced.

www.clinpractice.ru

Biomicroscopy and ophthalmoscopy of the left
eye — no abnormalities.

A decision was drawn on changing the silicone oil
due to its emulsification.

On discharge, the BCVA in the right eye was
0.02; pneumotonometry was showing 10 mm.Hg;
the field of vision, according to the data from kinetic
spheroperimetry, has not changed.

Fundoscopy (ophthalmoscopy): the vitreal cavity
contains silicone oil; the optic nerve disc is slightly
pale, monotonous; the retina is attached, the
retinotomy margins are adapted, the coagulates are
pronounced.

At the control visit in 4 months after the repeated
endovitreal intervention: the BCVA in the right eye is
0.05, in the left eye one — 0.9; tonometry (Maklakov, 10 g
weight) — 15 and 20 mm.Hg. respectively. According
to the data from kinetic spheroperimetry, a concentric
narrowing was found in the margins of the vision fields
of the right eye; the left eye shows no changes (Fig. 8).

Biomicroscopy of the right eye: superficial
conjunctival injection; the intraocular lens is centered.
Ophthalmoscopy of the right eye using the Mirante
(Japan) scanning laser ophthalmoscope: tamponade
with silicone oil; the optic nerve disc is slightly pale,
monotonous; the fovea has signs of cystoid macular
edema; the retina is attached in all the meridians, the
retinotomy margins are adapted, the coagulates are
pronounced (Fig. 9).

The biomicroscopy and ophthalmoscopy findings
in the left eye were showing no signs of abnormalities.

According to the data from the optical coherence
tomography (RTVue-100, Optovue, USA) a rough
impairment of the retinal architectonics was found,
along with cystoid intraretinal edema, tangential traction
syndrome and a pre-retinal membrane (Fig. 10).

After the conducted conservative and operative
ophthalmology treatment, as well as after the treatment
prescribed by the Infectious Disease Physician, the
patient, from the beginning of 2024 and to the present
day, during the periodical control check-ups, has her
BCVA values in the right eye varying within the range
of 0.1-0.2, the intraocular pressure measured using the
Maklakov’s method (10 g weight) was 15-16 mm.Hg.;
the anterior-posterior dimension of the right eye,
according to the data from optic biometry, in 2025 was
21.63 mm. The field of vision in the right eye has
changed insignificantly with no clear negative changes.
Ophthalmoscopically and according to the data from
the optical coherence tomography, there is a persisting
cystoid intraretinal edema, tangential traction syndrome;
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Fig. 8. Kinetic spheroperimetry during the control visual examination in 4 months: concentric narrowing of the vision field
margins in the right eye (OD); left eye (OS) — no changes.

o *

; = /l‘ - e
Fig. 9. Photography image of the ocular fundus in the
right eye in 4 months: tamponade with silicone oil, the
optic nerve disk is slightly pale, monotonous, the fovea
has signs of cystoid macular edema, the retina is attached
at all the meridians, the retinotomy margins are adapted,
pronounced coagulates were found.

the pre-retinal membrane in the right eye has no negative
changes; the retina is attached in all the meridians. The
left eye shows no signs of abnormalities.

Prognosis

Taking into consideration the pattern of retinal
damage, the prognosis regarding the vision is
unfavorable. The female patient is still under dynamic
medical supervision and continues receiving therapy
prescribed by the infectiologist and by the immunologist.
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DISCUSSION

This case illustrates the complexity of clinical signs
and of managing the patients with ARN caused by the
herpesviral infections, with an accent at the necessity
for combined approach in the diagnostics and treatment
of this disease. It should be noted that the viruses of the
Herpesviridae family can cause serious eye diseases,
including the vitreitis and the acute retinal necrosis, which
may lead to the retinal detachment. In the investigated
clinical case, despite the adequate treatment, the
disease continued progressing, which emphasizes the
necessity for a more active approach to the treatment
and the importance of thorough monitoring the eye
status in patients with such complications.

The examination results indicate that, even after
a surgical intervention, the restoration of vision could
be insufficient, which requires further research and,
probably, implementing new treatment methods.
Also required is the development of procedures for
timely diagnostics of ARN in patients with herpesviral
infections, as well as arranging additional research
for the purpose identifying the optimal strategies for
therapy and prevention of ophthalmology complications
in such patients for improving the disease prognosis
and the quality of life.

CONCLUSION

The presented case of the patient with acute
retinal necrosis, developing after an ARVI and after an
exacerbation of the herpesviral infection, underlines
the importance of early diagnostics and combined
treatment of viral infections, as well as the necessity
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Fig. 10. Optical coherence tomography: rough impairment of the retinal architectonics, cystoid intraretinal edema,
tangential traction syndrome, pre-retinal membrane in the right eye (OD); left eye (OS) — unremarkable.

of multidisciplinary approach in the treatment of such
diseases. Despite the conducted therapeutic and
surgical procedures, the complete restoration of the
visual functions in our patient did not occur, due to
which, further research is required on the issues of
improving the methods of early diagnostics, therapy
and prevention of the recurrences of this incapacitating
disease, the methods capable of resulting in positive
clinical outcomes in patients with ophthalmological
complications caused by viral infections.
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