Poccunckmnin Meamnko-omonornyecKimin BeCTHUIK

OPUMHATTBHBIE VICCNELOBAHWA Tom 32, N° 3, 2024 VMeHn akagdemmra V. 1. Nasnosa 389
YK 617.587-002.42-02:616.13-004.6]-089.168 I.)
DOI: https://doi.org/10.17816/PAVLOVJ627546

Check for

updates

Pe3ynbTatbl npoKcuManbHoi rMbpuaHou apTepuanbHOU
PEKOHCTPYKLMU B COYETaHUU C OJHOMOMEHTHOM aMnyTaLen
MpyU CyXOoM aTepoCKIepOTMHECKOU raHrpeHe NanbLes CTombI

A. T. Baranos' >, M. C. Hounow?, [. A. Nlucuukuin', A. U. UBaHiok?,
E. I". Yenenenko', A. B. FaBpuneHko? *

' Topofckan KnuHudeckan 6onbHuua N© 29 umenn H. 3. baymana, Mockea, Poccuitckas Oegepaums;

2 HCTUTYT KNMHWYeCKon MeamumHbl uMenn H. B. Cknndocosckoro Mepsoro MocKoBCKOro rocynapcTBEHHOr0 MeAULMHCKOr0 yHUBEPCUTETa
uMeHn W. M. CeyeHoBa (CeueHoBcKui YHuBepcuteT), MockBa, Poccuitckas Qefepaums;

3 LleHTpankHas KMHUUYECKas 60/bHNLIA C MOMMKIMHUKOM Yripasnenma nenamu Mpesupenta Poccuiickon ®enepaliym, Mocksa, Poccuiickas Defepauns;
“ PoCCUCKMIA Hay4HbIN LIEHTP XMPYPriM MMeHK akagemuka b. B. Metposckoro, Mockea, Poccuitckan Oepepauma

AHHOTAUNA

BgedeHue. Tlpy neyeHMM aTepoCKNepOTUYECKOW FaHrpeHbl HUHEN KoHeuyHocTn (HK) nepen xwpyproM BCTaloT BOMpOCHI
0 LienecoobpasHOCTX COCYAMCTONM PEKOHCTPYKLMM, ONMTUMANbHBIX CPOKaxX BbIMOSIHEHWA aMmyTauuu Mocne OnepaTUBHOMO
BMeLLaTenbCTBa Ha apTepusAx HK. OTBeT Ha AaHHbIe BONPOCHI JAeT OLieHKa COCTOAHWA MUKPOLMPKYNIATOPHOO pycra onepupoBaHHOM
KoHeyHocTw. [1pu ero OCTaTo4HOM pasBUTUM, BCELCTBME XOPOLLEro KonyaTepanbHOro KpoBOOBpaLLEHNA, BO3MOXHO BbINOSHEHWE
0AHOMOMEHTHOM amnyTaLyMmW nocrne NPOKCUMAsbHOM PEKOHCTPYKLMK. B 3Toi cutyaLmmn HeobxoamMo YETKoe pasrpaHiuyeHne 30HbI
HeKpo3a 1 06paTMOiA ULLIEMMK, YTO NO3BONAET CAeNaTb MeToS YNbTPadnoNeToBOM NIOMUHECLEHTHON CMIEKTPOCKONUM.

Llens. MMpoaHanu3upoBaTb pe3ynbTaTbl FMOPUAHBIX PEKOHCTPYKLUMIA Ha apTepuaAx HK npu umx MHoroypoBHeBoM
Andy3HOM aTepOCKNEPOTUYECKOM MOPArKEHNM U CyXol raHrpeHe nanbues ctonbl (CITIC).

Mamepuanel u Memodel. B npocnekTMBHOE KOHTPONMPYEMOE HepaHA0MU3MPOBaHHOE UCCeoBaHMe BbINo BKIOYEHO
29 yenoBek, cTpagaiowwmx Kputuyeckonm uwemmen HK n umetowmx CITIC, onepupoBaHHbIX B 06beMe rubpuaHoi
apTepuanbHOM PeKOHCTpyKUMM. MauueHTbl 6binv paspeneHbl Ha ABe rpynnbl: nepsylo (n = 14) cocTaBUAM NaLMEHTHI,
KOTOPbIM NPOBOAMNOCH BOCCTAHOB/IEHWE MarnCTPabHOr0 KPOBOTOKA Ha YPOBHE NoAB30LLHO-6eipeHHOro apTepranbHoro
cerMeHTa rmbpmaHbIM MeTOOM B COYETAHWM C OAHOMOMEHTHOM Manoi amnytaumeit HK Ha pasnuyHbIx YpoBHSAX, BTOpYiO
(rpynna KoHTpona, n = 15) — naumeHTbl, KOTOPBIM BbINOIHEHa 0AHOMOMEHTHAA NPOKCUMaNbHaA U AUCTanbHaA rmbpuaHas
onepauua, obecneynBaloLLas MarucTpanbHblii KPOBOTOK Kak MUHUMYM MO OQHOW W3 apTepuid roNieHun, 3aTeM B TeYeHne
cnefyowmx 4-5 cyTok — manaa amMnytauma HK Ha pasnnyHbIX YpoBHSX.

Pesynemamel.  CTaTUCTMYECKWM 3HAYMMBIX PasnMuMiA B rpynnax Mo CTENEHW CHUMEHWA WHTEHCMBHOCTU
NIOMUHECLIEHLMN MOCNe COCYAMUCTON OMepaumy He BbiABAEHO. [Py FMUCTONOrMYECKOM M3YY4eHWM WMHTPaomnepaLyoHHbIX
npenapatoB CITIC ycTaHoBneHO MOABNEHWE HEKPO30B KETOYHOTO MWUKPOOKPYMEHWA NpU aMnauTyde CBeyveHus
> (1,0 £ 0,05) x 10° poToH Ha yactoTe 410 HM. MpK amMnAMTyae MIOMUHECLEHLMM, HE MPEBBILIAIOLIEN AaHHYI0 BENNYNHY,
0TMEYalOTCA NMPU3HaKM Hexkpobumosa. YposeHb ceedeHna > 1,0 x 10° $oToH 6bin UCMONBb30BaH B KauyecTBe rpaHuLbl
amnytaumu. B cnyyae HeocnoXKHeHHOro COCyAMCTOro 3Tana Onepauvm OTMEYEeHO COMOCTaBMMOE CHUMKEHWE YCTI0BHOM
rpaHWLbl aMMyTaumMK B rpynnax uccnenoBaHua. B paHHem nocneonepauyoHHOM nepuoge y nauueHToB 1 rpynnbl ypoBeHb
MapKepoB BOCMaseHWA, CPeSHUIA KOMKO-AeHb, KOMMYECTBO TPOMBOTMYECKUX OCNOMHEHWIA ObiMM HUMKE, YeM B rpynne
KoHTponA (p < 0,05). 3aperncTpupoBaHa CUbHan KOPPENALMOHHAA CBA3b Me Oy MOpONOrMYeCKMMM NpU3HaKaMm oCTpoi
(asbl BOCNANEHNA 1 UHTEHCUBHOCTbIO XeMUiloMUHecLeHumm (r = 0,7, p < 0,005).

3aknwyenue. Y naumentos ¢ CTTIC npuamMnnnTy e NIOMUHECLIEHLIMM Ha FOfIeH 1 cTone, He npesbilwatoLeit 1,0 x 10° doTo
Ha yactote 410 HM 1 0,7 x 10° doToH Ha yacToTe 450 HM, 3QDEKTMBHBIM METOIOM NeYeHWNA ABNAETCA BOCCTAHOB/EHME
MarucTpanbHOro KpoOBOTOKA FMOPMOHBIM METOAOM B MOAB3LOLIHO-6ePEHHOM CErMeHTe C OAHOMOMEHTHOM Marnoii
amnyTauMen Ha pasfMyHbIX YPOBHAX CTOMbl. [laHHbIA YpOBEHb CBEYEHWA ABAAETCA YCMOBHOW rPaHULEn Meway
HEKPOTUYECKMMM M3MEHEHUAMU U 0bpaTUMOW UeMmeit (HeKpobro3oM) MArkux TKaHei HK.
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ABSTRACT

INTRODUCTION: When treating atherosclerotic gangrene of the lower limb (LL), the surgeon faces the questions
about the reasonability of vascular reconstruction and the optimal timing of amputation after surgery on the LL arteries.
The answer to these questions is given by assessing the state of the microvasculature of the operated limb. With sufficient
development of the microvasculature and good collateral circulation, it is possible to perform a simultaneous amputation
after proximal reconstruction. In this situation, a clear demarcation of the zone of necrosis and reversible ischemia is
required, which can be realized by the method of ultraviolet luminescence spectroscopy.

AIM: To analyze the results of hybrid reconstructions on the LL arteries with multilevel diffuse atherosclerotic lesions
and dry gangrene of toes (DGT).

MATERIALS AND METHODS: A prospective, controlled, non-randomized study included 29 patients suffering from
critical ischemia of the lower limbs and having DGT, who were operated on in the amount of hybrid arterial reconstruction.
The patients were divided into two groups: patients of group 1 (n = 14) underwent restoration of the main blood flow at
the level of the iliofemoral arterial segment using a hybrid method, with simultaneous minor amputation of LL at various
levels; patients of group 2 (control group, n = 15) underwent a simultaneous proximal and distal hybrid operation, providing
main blood flow through at least one of the lower leg arteries, followed by a minor amputation of the lower leg at various
levels over the next 4-5 days.

RESULTS: There were no statistically significant differences in the groups in the degree of decrease in luminescence
intensity after vascular surgery. A histological examination of intraoperative preparations of DGT revealed necrosis of the
cellular microenvironment at luminescence amplitude > (1.0 + 0.05) x 10° photons at 410 nm frequency. At luminescence
amplitude not exceeding this level, signs of necrobiosis were noted. Luminescence level of = 1.0 x 10° photons was used
as the amputation boundary. In the case of an uncomplicated vascular stage of the operation, a comparable decrease in the
conventional amputation boundary was noted in the study groups. In the early postoperative period, in patients of group 1,
the level of inflammation markers, average number of bed-days, and the number of thrombotic complications were lower
than in the control group (p < 0.05). A strong correlation was recorded between the morphological signs of the acute phase
of inflammation and the intensity of chemiluminescence (r=0.7, p < 0.005).

CONCLUSION: Inpatients with DGT, ataluminescence amplitude on the lower leg and foot not exceeding 1.0 x 10° photons
at 410 nm frequency and 0.7 x 10° photons at 450 nm frequency, an effective treatment method is restoration of the
main blood flow in the iliofemoral segment using a hybrid method with simultaneous minor amputation at various levels
of the foot. This luminescence level is the conventional boundary between necrotic changes and reversible ischemia
(necrobiosis) of the soft tissues of the LL.

Keywords: critical ischemia of lower limbs; hybrid operations; atherosclerotic gangrene; amputation, photoluminescence
spectroscopy
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LIST OF ABBREVIATIONS

BAP — balloon angioplasty

CLLI — lower limb critical ischemia

DGT — dry gangrene of toes

FPB — femoropopliteal bypass

LL — lower limb

NADH — nicotine amide adenine dinucleotide reduced

NADPH — nicotine amide adenine dinucleotide phosphate reduced

INTRODUCTION

Treatment of critical lower limb ischemia (CLLI) is
one of the most complex tasks of vascular surgery. The
incidence of CLLI reaches 1 thousand cases per 1 million
population [1]. Atherosclerotic lesion of the vascular bed
of the lower limb (LL), as a rule, has multilevel character
requiring revascularization in several vascular pools.
According to different sources, the CLLI is the cause of
70% to 95% of amputations [2, 3]. The given operation
significantly impairs the quality of life and increases
mortality among the patients. The main problem that
determines the level of the limb amputation, is the
unsatisfactory results of revascularization in the popliteal-
tibial segment. As a rule, after balloon angioplasty (BAP)
of the lower leg arteries, in 2/3 of cases the first signs
of restenosis develop within 3 months [4]. A number of
authors (the authors’ of this article as well) believe that
this complication is directly associated with the condition
of the microvasculature [5], therefore, when treating
atherosclerotic gangrene of LL, the surgeon faces
the questions about the reasonability of the vascular
reconstruction, optimal timing of amputation after the
vascular stage of the surgery [6]. When solving the latter
task, of great importance is the expressiveness and the
extent of compensation of the concomitant pathology,
intensity of the systemic inflammatory response. In
the presence of a decompensated general somatic
condition of the patient, the vascular operation should
be performed in the minimal amount, but provide the
restoration of the main blood flow in the arteries of the
popliteal-tibial segment required for the stump healing
[7, 8]. In the given situation, the operation of choice is
the distal hybrid reconstruction on the LL arteries [9].

A pronounced systemic inflammatory response
and the extent of its refractoriness to the antibacterial
therapy conducted after the completion of vascular
reconstruction, impose restrictions on the time
required for complex conservative treatment aimed at
improving microcirculation and lowering the level of
the subsequent amputation. Besides, direct assessment
of the quantitative parameters of the functional
condition of the microcirculation in distal parts of the
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limb in the preoperative period, gives understanding
of reasonability of distal hybrid reconstruction that
consists in femoropopliteal bypass grafting (FPBG) in a
combination with endovascular recanalization and BAP of
the lower leg arteries, and permits to make a conclusion
about rationality of the subsequent appointment of
dual antiplatelet therapy in the postoperative period
[10]. Upon that, it is possible to determine indications
for simultaneous minor amputation of the limb with
dry atherosclerotic gangrene, and, with sufficient
development of collateral circulation, the unequivocal
inappropriateness of recanalization of the lower leg
arteries [11]. In this case, the rational decision is to
restore the main blood flow at the level of the iliofemoral
segment using a hybrid method.

To perform a simultaneous amputation, it is
necessary that the zone of necrosis and of reversible
ischemia be clearly demarcated, however, in the first 24
hours after hybrid revascularization the demarcation line
often has no time to form during visual assessment. In this
case, it is reasonable to use the ultraviolet luminescent
spectroscopy method. It consists in registration of the
chemiluminescence phenomenon, i.e. the luminescence
of substances (luminophores) produced as a result of
biochemical reactions launched by cell destruction.
Universal fluorophores are molecules of nicotine amide
adenine dinucleotide (NADH) and its phosphate (NADPH),
collagen and elastin, flavins, carotene [12, 13]. These
compounds participate in the main metabolic processes
in a cell Krebs cycle, pentose cycle, mitochondrial
respiratory chain, lipid peroxidation, etc.

In our study, we used the method of laser-induced
ultraviolet photoluminescence spectroscopy, using the
device proposed by I. V. Moskalenko [14]. The device
consists of a laser radiation source (excimer XeCl laser),
a device detecting a luminescent signal and a device
recording this signal. A feature of this method is a high
accuracy of measurement from a unit area not exceeding
1-5 mm. The strength of the luminescent glow increases
with a quantitative increase in ischemic lesion of the cell
structures [15]. Depending on the wavelength at which
the signal is picked up, the spectral characteristics
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of chemiluminescence can change. This is due to the
appearance of luminescence quenching substances,
in particular, hemoglobin and its various compounds
(oxyhemoglobin, deoxyhemoglobin, myoglobin) [16].
This circumstance is taken into consideration when
determining the degree of compensation of the
microcirculatory bed under ischemic conditions, and for
choosing the optimal level of minor amputation.

The aim of this study to improve the results of
hybrid reconstructions on the lower limb arteries with
multilevel atherosclerotic lesion and dry gangrene of
toes (DGT).

MATERIALS AND METHODS

The prospective controlled non-randomized study
included 29 individuals who suffered CLLI and underwent
a surgery in the amount of hybrid arterial reconstruction
in the vascular surgery department of City Clinical
Hospital No. 29 named after N. E. Bauman (Moscow). The
study was approved by the Local Ethics Committee of
Sechenov University (Protocol No. 22-21 of December 09,
2021). All the patients signed the informed consent for
participation in the study.

Inclusion criteria:

- IV stage chronic arterial insufficiency and dry
gangrene limited to the toes;

- luminescence amplitude on the foot measured
outside the toe phalanges with necrotic alterations, not
exceeding 1.0 x 10° photons (at 410 nm frequency);

- combination of occlusive-stenotic lesion of the
arteries of the aorto-iliac, femoropopliteal and popliteal-
tibial segments;

- impossibility of multilevel open reconstruction or
staged endovascular treatment for technical or general
medical reasons;

- absence of acute thrombotic lesions of the arteries
of the LL.

Exclusion criteria:

- IV stage chronic arterial insufficiency and dry
gangrene not limited to the toes;

- luminescence amplitude on the foot measured
outside the toe phalanges with necrotic alterations,
exceeding 1.0 x 10° photons (at 410 nm frequency);

- signs of wet gangrene of the foot;

- absence of multilevel arterial lesion of the
operated limb (preserved main blood flow in the thigh
and distal form of arterial atherosclerotic lesion);

- possibility of performing multilevel open
reconstruction or staged endovascular treatment;

- signs of acute thrombotic lesions of the lower
limb arteries.

All patients were divided into two groups:

- group 1 (n = 14, men 85.7%) consisted of patients
who underwent restoration of the main blood flow at the
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level of the iliofemoral arterial segment using a hybrid
method (the so-called proximal hybrid reconstructions
including endovascular correction of the iliac artery bed
and open surgery on the femoral arteries), in combination
with simultaneous minor amputation of LL at different
levels. The latter was performed on the first day after
reconstructive surgery irrespective of the existence of
visually identified demarcation zone between the viable
tissue and necrotic tissue. The main criterion for the
amount of amputation was a conventional margin in the
intensity of luminescent glow, equal to 1.0 x 10° photon.

- group 2 (control group, n = 15, men 86.7%)
consisted of patients who underwent a simultaneous
proximal and distal hybrid operation providing the main
blood flow in at least one of the lower leg arteries: FPBG
in combination with recanalization and BAP of the lower
leg arteries, supplemented by BAP of the iliac artery with
stenting. Then, over the next 4-7 days, minor amputation
of the LL was performed at different levels. The main
criterion for performing amputation at these time
periods was the formation of a visually determinable
demarcation zone between the viable tissue and necrotic
tissue. The ‘minor’ amputations implied exarticulation
of the toes, as well as amputations according to Sharp
and Chopart. The decision about a particular hybrid
operation on patients included in the study was made
by a team of vascular surgeons based on the results
of studying the preoperative computed tomographic
angiography of the aorta and LL arteries, the sufficiency
of development of the collateral network in the thigh
and lower leg, as well as the intensity of foot tissue
autoluminescence. In the absence of contrasting of
three lower leg arteries up to the distal segment and
with the amplitude of luminescence on the foot indicating
the reversibility of ischemic tissue changes, attempts
to restore the main blood flow in the popliteal-tibial
segment were considered unreasonable. In this regard,
isolated proximal hybrid reconstruction was performed.

The groups were comparable in age and gender, the
spectrum of concomitant pathology, smoking frequency
(Table 1).

Chemiluminescence was recorded using a device
proposed by I. V. Moskalenko. Radiation delivery and
induced luminescence readings were performed in situ
using two quartz fibers mounted in a single probe, 1
m long, 450 pym core diameter. The probe head was
positioned at 1-2 cm distance from the skin surface of
the examined limb. Measurements were made at 308 nm
wavelength of pulsed radiation of XeCL excimer laser for
3 minute. This exposure dose of laser radiation meets
hygienic requirements. The luminescence spectrum was
recorded in the range from 350 nm to 780 nm, with 10 nm
increment, for 10 second. The readings were taken before
the operation and on the first postoperative day from the
surface of the lower third of the shin, the dorsum of
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Table 1. Comparative Analysis of Concomitant Pathology in Study Groups

Diagnosis First group Second group p
Essential hypertension, n (%) 10 (71.4) 11(733) 023
Coronary artery diseasea, n (%) (57.1) 8 (53.3) 0.18
Diabetes mellitus, n (%) 3(21.4) 4(26.7) 021
Chronic obstructive pulmonary disease, n (%) (14.3) 2(13.3) 0.16
Cerebrovascular disease, n (%) 3(21.4) 4(26.7) 024
Gastric ulcer, n (%) 1(7.1) 1(6.7) 0.16

the foot at the level of the Chopart joint, and from the
surface of the inflammatory skin immediately adjacent to
the demarcation zone. Photoluminescence spectroscopy
was repeated at the same levels before the amputation
of the LL according to the previously described scheme.

The parameters of the early postoperative period
before and after the amputation of the limb were
assessed, including the level of inflammation markers:
blood leukocytes, C-reactive protein and procalcitonin.
The level of the conventional amputation boundary
before and after reconstruction, complications after the
performed surgical operation within 1 month with cases
of re-hospitalization for ischemic necrosis of the stump
and reamputation, were assessed.

In the course of the vascular operation, the biopsy
material of skin and subcutaneous tissue was taken in
the above described luminescence regions. The area
of the biopsy specimens did not exceed 5-7 mmZ The
biopsy specimens were fixed in a neutral 10% formalin
solution for at least 2 hours. Paraffin sections were
then made and stained with hematoxylin and eosin. The
cell-tissue ratio in the connective tissue was identified
in PAS reaction. Morphometry was conducted in the
ImageJ 1.45s program. The severity of inflammatory
changes was quantitatively determined by the area of
cell infiltrates (mm?) relative to the connective tissue
elements in one field of view. The qualitative ratio of
resident and non-resident cells was determined by
their ratio per 100 visualized cells and was expressed
as percentage. The relative area of dermal vessels was
calculated as percentage of the dermal connective tissue
area in one field of view.

Statistical data processing was performed using
SPSS 17.0 software (IBM Company, USA). The results of
the study were distributed on a scale of arithmetic mean
values (Mean) + standard deviation (SD). Differences
in the mean values (p) of the main parameters of the
postoperative period were assessed using paired
Student's t-test, which was considered significant at
p < 0.05. The differences between two small independent
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samples were assessed using Mann—-Whitney U-test.
To determine the correlation between the parameters,
the Spearman correlation coefficient (r) was used.
Statistical heterogeneity of the groups was assessed
using x2 test. At p < 0.1 and I, > 50%, the heterogeneity
was considered statistically significant.

RESULTS

According to the results of operations, satisfactory
patency of revascularized arterial segments ensuring
hemodynamic stability in the limb, was achieved in
13 patients of group 1 (92.8%) and in 14 patients of
group 2 (93.3%).

When assessing the intensity of the luminescent
signal in the early postoperative period, its amplitude was
decreased at all measurement points. In measurements
before and after the hybrid intervention, a maximum
signal was noted at 410 nm frequency, which indicates the
increasing concentration of NADH, and a minimum signal
at 450 nm frequency a negative peak that determines the
increasing concentration of hemoporphyrins. It should
be noted that in cases of technically successful distal
hybrid revascularization, the luminescence amplitude (S)
at 450 nm after surgery was reliably higher than in the
experimental group: for example, in the experimental
group, at the level of Chopart joint at 420 nm frequency,
S =(0.76 + 0.04) x 10° photons, and in the control group
S=(0.53 + 0.07) x 10° photons (Figure 1). No statistically
significant differences were found between the groups in
the degree of decrease in luminescence intensity after
vascular surgery. Thus, in the first group at 410 nm
frequency, after uncomplicated surgery, the intensity
decreased by on average 0.81 + 0.04 (410 nm) and
0.70 +0.02 (450 nm), and in the second group by 0.82 + 0.01
(410 nm) and 0.74 + 0.05 (450 nm), respectively.

Morphometry of histological preparations obtained
from intraoperative biopsies shows a strong correlation
between the morphological signs of the acute phase
of inflammation (alteration and exudation), which are




394

ORIGINAL STUDY ARTICLES

the surface area of the inflammatory infiltrates with
predominance of non-residents and the intensity of
chemiluminescence (r = 0.7, p < 0.005). The latter
increases with an increase in the given quantitative
parameters (Figures 2A-C).

With a quantitative increase in resident cells
(fibroblasts, fibroplasts) and an increase in the
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relative density of dermal vessels, which characterizes
proliferation and remodeling phases of inflammation, the
luminescence amplitude decreases (r = 0.68, p < 0.05).
With amplitude > 1.0 x 10° photons at 410 nm and
> 0.7 x 10° photons at 450 nm, necrosis of the cellular
microenvironment appears in histological preparations
(Table 2).

350 360 370 380 390 400 410 420 430 440 450 460 470 480 490 500 510 520 530 540 550 560 570 580 590 600
Measurement frequency

s Group1 = = Group2

Fig. 1. Luminescent spectroscopy parameters (x 10% photons) in the study groups at different measurement frequency (nm).

Microscopic examination identified an association
between necrosis of cells and connective tissue fibers
per unit area and autoillumination intensity equal to
or exceeding 1.0 x 10° photons at 410 nm frequency
and 0.7 x 10° photons at 450 nm. Morphometry of
the preparations showed that an increase in the
luminescence intensity was accompanied by increase
in the number of neutrophils and macrophages entering
the inflammation focus from the peripheral blood (non-
residents), denaturation of collagen and elastin proteins,
depletion of the main connective tissue substance in
glycosaminoglycans, paretic dilation of arterioles with
intraluminal erythrocyte sludge of the rouleaux type,
edema and swelling of the interstitial matrix with
formation of infiltrates. The described alterations can
be designated as reversible — necrobiotic (Figure 2C).
Accordingly, luminescence level equal to or exceeding
1.0 x 10° photons was used as a landmark to determine
the amputation boundary.
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Based on the results of measurement after
completion of vascular reconstruction, each patient of
the experimental group was marked the operated limb
according to the luminescence intensity to determine
the level of amputation. Upon that, < 1.0 x 10° photons
luminescence level was recorded along the entire
amputation line.

Measurements on the 1st postoperative day in case
of the uncomplicated intervention showed a comparable
lowering of the amputation boundary in groups 1 and 2
by 2.5+ 0.3 cm and 2.9 + 0.7 cm, respectively (p > 0.05).

Then, resting on the obtained spectroscopy data,
within 24 hours after the vascular reconstruction, the
experimental group underwent amputation according
to the markings on the limb. In the early postoperative
period, this category of patients had moderate
leukocytosis and increased C-reactive protein activity
within 1-3 postoperative days, procalcitonin levels were
within the physiological norm. No hyperthermia was
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Fig. 2. An example of histological preparations of the derma obtained in biopsy of the dorsum of foot.

Notes: (A) view of connective tissue at luminescence amplitude (0.7-1.0) x 10° photons (a large number of resident cells, ordered
arrangement of connective tissue fibers; objective x20, hematoxylin and eosin stain); (B) view of connective tissue at luminescence
amplitude (0.7-1.0) x 10° photons (a large number of non-residents are visualized, chaotic arrangement of connective tissue fibers,
rouleaux formation in paretic capillaries; objective x40, Alcian blue stain); (C) view of connective tissue at luminescence amplitude

above 1.0 x 10° photons (necroses of cellular microenvironment are visualized, objective x20, hematoxylin and eosin stain).

Table 2. Dependence of Morphometric Parameters (Mean + SD) on Chemiluminescence Amplitude at 410 nm Measurement Frequency

Morphological Parameter MeanAI;:ll:;:tr:l eds:ence Lozvfe;"]l'il:lird Chopart Joint Level MetatE:’aell Bone

0.5-0.7 732+32 675+35 65.5+3.1

Proportion of resident cells, % 0.7-1.0 61.4+25 57.5+3.1 57.0+2.7
>10 368+15 34422 32321

0.5-0.7 455 +42 428+40 47430

Proportion of non-resident cells, % 0.7-1.0 743 + 4.1 66.6+2.9 693+ 3.4
>10 80.5+6.1 86.2 + 4.9 87.0+29
0.5-0.7 0.62 + 0.04 0.63 +0.05 0.93 + 0.04
Area of inflammatory infiltrate, mm? 0.7-1.0 0.75 + 0.02 0.77 +0.03 1.01+£0.05
>10 0.80 + 0.04 0.83 +0.03 129 +0.02
0.5-0.7 11.15+033 933+ 1.61 9.03 +0.34
Relative area of dermal vessels 0.7-1.0 8.80 £ 0.24 7.80 £ 034 6.22 +0.32
>10 6.98 +0.09 552 +0.28 459 £0.29
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observed during the entire observation period. By the
time of discharge, all the above-mentioned parameters
returned to norm. The average number of bed-days in
group 1 was 5.6.

In the second group, amputation was delayed to the
time of formation of distinct demarcation boundaries
of necrosis on the foot on the 4"-5" day after vascular
reconstruction. No statistically significant lowering of the
amputation boundary was noted in this group compared
to group 1. However, the groups differed in the degree of
systemic inflammatory response assessed by the level of
leukocytosis, C-reactive protein and procalcitonin (Table 3).
These parameters were higher in the representatives of
the control group. Besides, it should be noted that in
two patients from this group, despite good results of
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revascularization and absence of vascular alterations,
acute renal injury developed in the early postoperative
period. No fatal outcomes were recorded in the groups.
The average number of bed-days in group 2 was 11.7.

With the given preoperative photoluminescence
parameters, in one case of group 1 and in four cases
of group 2, thrombosis of the reconstruction zone
was noted within the first month after surgery, which
required major amputation. The differences between
the groups in the number of thrombotic complications
were statistically significant (p < 0.05). When comparing
luminescence amplitude before the surgery in patients
of both groups who had postoperative thrombosis of the
reconstruction zone, comparable values were recorded
(Table 4).

Table 3. Parameters (Mean + SD) Characterizing Level of Systemic Inflammatory Response in Study Groups

Parameters and Time after Surgery First group Second group
Leukocytes, 27-3" day after surgery, x 107/ 123+03 18.1 + 0.4*
Leukocytes, 56" day after surgery, x 107/ 9.7+0.1 224 +05*
C-reactive protein, 2"-3" day after surgery, mg/l, mg/l 89.0+12 3200 £ 19*
C-reactive protein, 5—6" day after surgery, mg/! 13.0+3 2270 £13*
Procalcitonin, 3 day after surgery, ng/ml 04+01 1.0+03*

Note: * — p < 0.05

Table 4. Preoperative Chemiluminescence Parameters (S x 105, Mean + SD, photons) in Patients with Postoperative Thrombosis
of Reconstruction Zone within First Month after Vascular Reconstruction

Study Group Measurement Frequency Thigh Lower Leg Foot
410 43 +0.05 5.1+0.09 6.2 +0.09
First
450 33+0.03 4.1 +0.01 4.9 +0.01
410 4.1 +0.02 55+ 0.04 6.0+ 0.04
Second
450 3.1+0.06 43 +0.04 5.1+0.02

It is important to note that in 40% of patients with
uncomplicated course of the early postoperative period,
there was no increase in the ankle-brachial index
compared to the preoperative level (p < 0.05), which
cannot be said about the intensity of luminescence. When
studying this phenomenon, it should be noted that in all
such cases, patients had pronounced atherocalcinosis of
the distal parts of the lower leg arteries.
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When assessing a long-term postoperative period,
at one-month follow-up after the surgeries, necrosis
of the amputation stump was noted in three patients
of the control group, which required reamputation at a
higher level. In patients of the experimental group, no
such events were noted. Moreover, no repeated arterial
reconstructions were noted in the study period.
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DISCUSSION

The priority task of vascular surgery in patients with
atherosclerotic gangrene of the LL is the restoration
of the blood flow volume in the ischemic region of LL
sufficient for complete healing of the amputation stump
tissues, which permits to low down the amputation
level. The main parameter which determines success
of revascularization and stump competence in the long-
term, is the functional condition of the receiving vascular
bed, i.e. the degree of compensatory development of
collateral circulation and respective quantitative density
of the microcirculatory network in the operated limb.

The results of histological examination of
intraoperative micropreparations demonstrated a strong
correlation relationship between the luminescence
intensity and parameters of cell and tissue destruction.
It was proven that at chemiluminescence amplitude
> 1.0 x 10° photons, foci of cell microenvironment
necrosis appear in the micropreparations. Accordingly,
a multiple increase in this parameter will be associated
with irreversible destructive alterations in the soft
tissues of the operated limb. The confirmation to this is
the described case of thrombosis in a patient of the first
group, where the preoperative luminescence intensity
exceeded 1.0 x 10° photons, which could indicate
decompensation of microcirculation, the occurrence of
cell necrosis and predisposition to thrombotic events in
the operated segment in the postoperative period. The
cause of four cases of postoperative thrombosis in the
second group was the obvious redundancy of the BAP of
the shin arteries, and amputation at the thigh level was
conditioned by the ascending character of thrombosis
with gradual decompensation of collateral circulation.

A lower amplitude of chemiluminescence at the
peak of hemoporphyrins in patients of the second
group with successful reconstruction and absence of
thrombotic events in the studied time interval compared
to the similar parameters of the of the first group
measured after the vascular surgery, characterized a
higher density of the microcirculatory bed and a high
degree of collateralization of circulation in the popliteal-
tibial segment. These morphofunctional features
predetermined not only the success of distal vascular
reconstruction, but also created the basis for healing of
the amputation stump with the primary intention after
delayed amputation.

The method of ultraviolet luminescent spectroscopy
possesses a higher sensitivity in determining the degree
of tissue revascularization compared to the ankle-
brachial index, reflecting the structural alterations at
the cell level. The phenomenon of the absence of a
reliable increase in the ankle-brachial index in case of
successful revascularization with the presence of signs
of the pronounced atherocalcinosis of the distal segment
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of the shin arteries, is associated with the method of
its measurement. Calcium deposits in the arterial wall
considerably reduce its elasticity impeding complete
compression of the latter with manometer cuff thereby
reducing the practical significance of the index.

In the given luminescence intensity range for
patients with DGT and multilevel atherosclerotic lesion
of the LL arteries, the method of proximal hybrid
reconstruction with simultaneous amputation of the toes
proved effective in our study. Simultaneous amputation in
case of irrationality of using distal reconstruction, which
was confirmed pathomorphologically and was reflected
in the preoperative chemiluminescence spectrum,
permitted to reduce the level of systemic inflammatory
response, avoid decompensation of a severe concomitant
pathology and reduce the number of post-amputation
complications in the late postoperative period including
ischemic necrosis of the stump with reamputation.

CONCLUSION

In patients with dry gangrene of the toes with
luminescence amplitude on the shin and foot not
exceeding 1.0 x 10° photons at 410 nm frequency and
0.7 x 10° photons at 450 nm frequency, an effective
treatment method is the restoration of the main blood
flow in the iliofemoral segment using hybrid method,
with simultaneous minor amputation at different levels
of foot.

The level of chemiluminescence of 1.0 x 10° photons
is a conventional boundary between necrotic alterations
and reversible ischemia (necrobiosis) of soft tissues of
the lower extremity.

The method of ultraviolet photoluminescence
spectroscopy permits determination of the boundaries
of ischemia and necrosis of tissues, as well as the
quantitative and functional state of the microcirculatory
bed in the lower limb. To determine the sensitivity and
specificity of this method in terms of the declared signs,
further clinical studies are necessary.
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