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Pe3rome

Hexpotusupyoiias nHdekiusa Markux Tkaneii (HVIMT) — Tsskesiast xupypruueckast UH(eKIus, npu
reHepaJm3aIii KOTOPOU YacTo Pa3BUBAETCS CETICHUC U CEITUYECKUN TTTOK.

Ilens uccaeg0BaHUA — OIPENEIUTh YACTOTY TPOMOOIIUTONIEHUH Y OOJIBHBIX C TeHEePaIn30BaHHBIMU
¢dopmamu HUMT, hakTOphl, CHOCOOCTBYIOIIME €€ PA3BUTHIO U CBSI3b C Pa3BUTHUEM CENTUYECKOT0 II0KA.

Marepuas u metoabl. O6cienoBanu 129 60sbHbIX ¢ HUMT, teunBinuxcsi ¢ 09.2015 mo 12.2019 IT. B 60J1b-
Hutle CB. Besimkomyuennka l'eoprust Cankr-IlerepOypra. Bcem namueHnTam nposesiu Xupyprudeckoe jiede-
HUe, TabopaTOpHOE reMaToJI0TUYEeCKOe ¥ OMOXUMUYeCKoe 00C/IeTOBaHNE U 0AKTEPUOJIOTUTIECKOE UCCIEI0-
BaHME KPOBU U OTJEJISIEMOTO U3 PaHbI. Bcero 60/IbHBIX C CHHIPOMOM CUCTEMHOM BOCTIAJTUTE/IHHON PEAKITNU
OBLJIO 22, C CEIICUCOM — 63, CEIITUYECKUM IIIOKOM — 44 yeJI0BeKa.

Pe3yibraThl. BEISIBUIIN CHIDKEHUE KOJINYECTBA TPOMOOITUTOB ¥ 6016HBIX HVIMT € cenTuyecKM MIOKOM
yoKe B IlepBble CyTKU 3aboJieBaHUs U ajbHellllee ero CHUKeHre B TedeHue 3-X JHel, IpuueM cpegHuit
06beM TpoMbo1IUTOB (MPV) B 9TH K€ CPOKU BO3PaCTas U CYIIIECTBEHHO MIPEBOCXOIUJI TAKOBOH Y O0JIHHBIX
C CETICHCOM U CUHJIPOMOM CHUCTEMHOM BOCHAUTETbHOU peakiuu. Y 60abpHbIXx HUMT, nMeBIINX MPU T0-
CTYIJIEHUU TPOMOOIIUTOIIEHUIO, BBIIBU/IN CTATUCTUYECKN 3HAUMMYIO KOPPEeJIAINIO KOJIMYecTBa TpoMbOo-
LIUTOB C J0JIeW CerMeHTOosIIepHbIX HelTpoduios (r=0,349; p<0,001; n=40). MakcUMaJIbHYIO YaCTOTY CEIITH-
YeCKOro III0Ka OTMeTHJIN Y 00JbHBIX, NH(punupoBanubix Klebsiella pneumoniae (13 u3 19, 65%). Y artux
00JTbHBIX TPOMOOITUTHI UMEJTH HanO o IbITNi MPV, 0THaKO TPOMOOITUTOTIEHHS He pa3BUBaIaCh. MaKCHUMaJIb-
HYIO 4YaCTOTy TPOMOOIUTOIeHNH, yBesnueHre MPV 1 aHM3011UT03 (OTHOCUTEJBHYIO HINPUHY pacupeseJie-
HUSI TPOMOOIIUTOB 110 00beMy — PDW) BBISIBHIHN Y 00JIBHBIX ¢ pa3ButreM HVIMT Ha (hoHEe XpOHHYECKOTO
BupycHoro remarura C. OfHAaKO, CpaBHUTEIbHAS YaCTOTa PA3BUTHUS CENITUYECKOTO IIIOKA Y 9TUX OOJIBHBIX
He ObljIa IIOBLIIIIEHA.

3akarouyeHue. Pa3sutue centudeckoro moka npu HYMT o0yc/ioBieHo onpeesleHHbIM TUIIOM aKTUBa-
MU TPOMOOITUTOB.
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Knroueevle croea: Hekpomusupyoujas UHperyus Msaekux mraneil; Cenmu4eckuii Uok; Cencuc; mpom-
boyumonenus, xpoHuueckuil supycrulii 2enamum C; Klebsiella pneumoniae

KoH(INKT HHTEPeCOB. ABTOPHI 3asIBJISAIOT 00 OTCYTCTBUU KOH(MJINKTA HHTEPECOB.

Summary

Necrotizing soft tissue infection (NSTI) is a severe surgical infection which can result in sepsis and septic
shock when generalized.

The aim of the study was to determine the frequency of thrombocytopenia in patients with generalized
NSTI, the factors promoting its development, and its association with septic shock.

Materials and Methods. We examined 129 patients with NSTI treated between 09.2015 and 12.2019 at St.
George Hospital in St. Petersburg, Russia. Surgical treatment, hematological and biochemical examinations,
and bacteriological analysis of blood and wound discharge were performed in each patient. The studied group
included 22 patients with systemic inflammatory reaction syndrome, 63 patients with sepsis, and 44 patients
with septic shock.

Results. We found a decrease in platelet count in NSTI patients with septic shock as early as on the first
day of the disease and its further decrease within the next 3 days, with the mean platelet volume (MPV) in-
creasing during the same period and significantly exceeding that in patients with sepsis and systemic inflam-
matory response syndrome. In NSTI patients with thrombocytopenia on admission, we found a significant
correlation between the platelet count and the percentage of segmented neutrophils (r=0.349; P<0.001; n=40).
The maximum incidence of septic shock was observed in patients infected with Klebsiella pneumoniae (13
out of 19, 65%). These patients had the highest MPV but did not develop thrombocytopenia. Maximum fre-
quency of thrombocytopenia and elevation of MPV and platelet distribution width (PDW) was found in pa-
tients with NSTI and underlying chronic viral hepatitis C. However, the relative frequency of septic shock in
these patients was not increased.

Conclusion. The development of septic shock in NST1I is associated with a specific platelet activation pattern.

Keywords: necrotizing soft tissue infection; septic shock; sepsis; thrombocytopenia; chronic viral hepatitis C;

Klebsiella pneumoniae
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BBenenue

Hexkporusupymoias nHpeKnus MATKUX TKa-
Heit (HUMT) — onHa U3 caMbIX TSKeJbIX (hopM
XUPYyPruvyecKkux NHQEKIMUN, KOTOpasi XapaKkTepu-
3yeTcsi OBICTPO TPOTPECCHUPYIOIINM HEKPO30M
dacnuu, TOAKOKHON KJIeTYaTKU U MbImII [1]. B
TOCJIeTHIE TOABI B Pa3BUTBIX CTPaHaX HAOIOAA-
eTcsl CYIIeCTBEHHBIH pPOCT YacTOTHI ee pPa3BH-
Tus [2]. Hambosiee 4YacThIMU BO30OyIHTESTIMU
MOHOMHUKPOOHOW WH(MEKITUN SIBJISTIOTCS 3-TeMO-
JINTUYECKVIE CTPETITOKOKKY Y METUITU/IINH-PE3U-
CTeHTHBIE 30JI0TUCThIe CTapUIOKOKKH [3]. [Ipu
MTOJTMMUKPOOHBIX (hOPMaX BBISBJISAETCS KOKKOBAs
¢stopa u rpamorpuIiaTe/IbHbIE 9HTEPOOAKTEPHH,
B TOM yucJie agaorenHsle [4]. HUMT gacTo nipote-
KaeT Ha (pOHE TAKEJIbIX COMaTHYeCKUX 3a00sieBa-
HUH, YTO CYIIECTBEHHO BJIMsIET Ha NCXO[ 3aboJe-
BaHusA. [lokasareau JeTaJIbHOCTU U YaCTOTHI
pasButus cerncuca npu HIMT kosebsrorcst ot 20
no 80-100%, cocraBiiAiss B HEKOTOPBIX I'PYyIIIax
60sbHBIX 62,5-77,6% ciy4aes [2, 5, 6].

OI[HI/IMI/I 13 BA’KHBIX KOMIIOHEHTOB ITaTOT'€He-
3a Cercuca sIBJsIeTCsI TUCHYHKITAS TPOMOOITUTOB,
NPOAABJIAIONIASICA HapPyLIEHUsIMUA T'eMOKOaryJsi-
MY ¥ 9aCTO Pa3BUBAIONIENCsI TPOMOOIINTOIIEH! -
eti. [locsenHasas ycyry0JisieTcst Io Mepe pa3BUTHSA
HOJIHOpFaHHOﬁ HEeIO0CTaTOYHOCTHU U YUYUTBIBAETCA
IIpU OoIpeneJieHnU CTEeII€eHU €€ BBIPa*KeHHOCTU 110
mkasie SOFA (Sepsis-related Organ Failure). Oco-

Introduction

Necrotizing soft tissue infection (NSTI) is one
of the most severe surgical infections characterized
by rapidly progressing necrosis of fasciae, subcuta-
neous tissue and muscles [1]. Recently, there has
been a significant increase of its incidence in devel-
oped countries [2]. The most common causative
agents of single-pathogen infection are 5-hemolytic
streptococcus and methicillin-resistant Staphylo-
coccus aureus [3]. In polymicrobial infections, cocci
and Gram-negative Enterobacteriaceae, including
endogenous ones, can be isolated [4]. NSTI often
occurs with severe underlying systemic diseases,
which significantly affects the disease outcome.
Mortality and sepsis rate in NSTI range from 20%
to 80% to 100%, comprising 62.5-77.6% of cases in
some patient groups [2, 5, 6].

Platelet dysfunction is an essential compo-
nent of sepsis pathogenesis, which includes abnor-
mal coagulation and thrombocytopenia. The latter
progresses with multiple organ failure development
and is included into the SOFA (Sepsis-related Organ
Failure) scale. The involvement of platelets in the
development of septic shock (SS), which is charac-
terized by severe circulatory disorders, is particu-
larly interesting [7]. An important role of platelets
in the development of SS is confirmed by many ex-
perimental and clinical studies [8]. The mecha-
nisms of thrombocytopenia in sepsis and systemic
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OBII MHTEpEC MPEeJICTaBIISIET yUYaACTHE TPOMOOITUTOB
B pa3BUTUU centudeckoro 1oka (CII), koTopbIii
XapaKTepu3yeTCs BhIPasKEeHHbIMU HapyUICHUSAMU
KpoBooOparenus [7]. BaykHyI0 posb TPOMOOIIUTOB
B pa3putud ClII noaTBep K Aal0T MHOTOUYKCJIEHHBIE
3KCIepUMEHTATbHbIE U KIMHUYECKUEe NUCCIIe0Ba-
HusA [8]. MexaHn3MBbl pa3BUTHS TPOMOOITUTOTIEHUH
TIPH CETICUCE U CUCTEMHOM BOCITAJIUTEIbHON peak-
[V, TI0-BUAMMOMY, O9eHb PAa3HOOOPAa3HBI U HE
MIOJIHOCTBIO M3y4eHsl. IIpennosaraercs, 4To npe-
00J1aJaI0IIMU SIBJISTIOTCS TTepudepruIecKre Ipo-
IIECCBI, TAaK Ha3bIBaeMOe «ITOTpebJIeHe TPOMOOIIH-
TOB», ornpeneJisseMoe ux aKTUBaIUEH,
XEMOTAKCUCOM U HU30JISIMEeN B OIpeJ e IeHHbIX
OTHeJIaX MUKPOLIUPKYIATOPHOrO pycJa [9, 10].

HccnenoBanue y9acTusi TPOMOOIINTOB B pas-
BATHUN CEITHYECKOr0 IIpollecca aKTyaJbHO B
nocJeqHue TOAbl B CBAA3W C USMEHEHWEeM Mpe/I-
CTaBJIeHUH 0 (PYHKIIUAX U BO3MOKHOCTSIX TPDOM-
6ormToB. JloJirOe BpeMsi TPOMOOITUTHI paccMar-
pHuBaJIi B OCHOBHOM KaK KJIETKW, MTHULIUHAPYIOIIe
remokoaryAnuio. OgHako B IIOCJIegHHE TOfbl
JIOKa3aHO, YTO TPOMOOIINTaM TPUHAIJIESKUT BETY-
I1asi poJib B Pa3BUTHUU TPOMO03a, BOCIIAJIeHUST 1
MMMYHHBIX peaKIuii. AKTUBAIMs TPOMOOIIUTOB
OPUBOAUT K MHUITUAIIAY TEMOCTA3a, UX AATE3UN K
9HA0TEeJINIO0, KOMIIOHEHTAaM BHEKJIETOYHOT'O MaT-
pUKca, KJIeTKaM WMMYHHOHW CHCTEMBI, CIIO0CO0-
CTBYET BBICBOOOSKIEHUIO ITPOBOCIATUTETHHBIX
nuTokuHOB (IL-8, IL-15,TNF«), pa3u4HbIX XeMO-
KUHOB, JIUOUJHBIX, aMUHOKHUCJOTHBIX MeINaTO-
pOB 1 6eJTKOB POCTOBBIX (haKTOPOB [11]. AKTHBa-
TOpaMu TPOMOOIIMUTOB MOTYT OBITH HE TOJBKO
9HJIOTeHHbIEe MOJIEKYJIBI C (PYHKIMSIMU ajJlapMu-
HOB (HanpuMmep — AJI®), CTPpYKTypHI CyOIHIOTE-
Jaus (B T. 4. — KOJIJIareH), HO © MUKPOOPTaHU3MBbl.
[Tpu pacriosHaBaHUY MUKPOOPTaHU3MOB TPOMOO-
[IUTHI aKTUBUPYIOTCSI, U3MEHSIOT TUCKOOOPA3HYIO
¢opmy, yBesrmuuBaioTcsi B 00bemMe 1 (QOpMHUPYIOT
MHOTOYHUCJEHHBIE IIceBronoauu [12]. bakrepun,
TIOTIaBIIINE B KPOBOTOK, AKTUBUPYIOT TPOMOOITUTHI
KaK OpU IPSAMOM KOHTAKTE, TAK Y IPU BhIJIeJIEeHUN
TOKCUHOB. [IprueM ofHa U Ta ke 6AKTePUsT MOKET
MHUONHpPOBaTh 06a mytu aktuBaiuu [13]. [Tocae
AKTUBAIIUN OAaKTEPUSIMHU TPOMOOIMTHI arperu-
pyIOT He BCerna, BBIIYCKAasg B TAKWAX Ciydasx
CoflepsKUMOe O-TpaHyJl ¥ CTUMYJIUPYsI BOCHAIHU-
TeJIbHYIO PeaKI1Io 3a CYeT IPUBJIeYeHNsI HeUTPo-
¢pusioB K (popMHUPOBAHUIO BHEKJIETOYHBIX JIOBY-
mek (neutrophil extracellular trap — NET) [14]. B
psife cay4yaeB IpU OaKTEPUEMHUH MOKET ITPOMCXO-
IUTH TUCCEMUHUPOBAHHAs aKTHUBAIMs TPOMOO-
LIUTOB, KOTOPas IPUBOAUT K HAPYIIEHUAM MUKPO-
OUPKYIAIAN U BBICBOOOKIEHUIO MEIUaTOPOB
BOCHIAJIEHUSI, CITOCOOCTBYS pa3BUTHIO CHHIPOMA
nosnuoprasHou gucyukuuu (CII0) [15].

lesap nccaenoBaHusa — OOpeEeSIUTh YaCTO-
Ty TPOMOOIIMTOTIEHUH Y O0JIBHBIX C TEHEPATN30-
BauHBIMU popmamu HUMT, ¢pakTopsl, criocob-

inflammation appear to be very diverse and not
fully understood. The prevailing processes are sup-
posed to be peripheral, particularly «platelet con-
sumption», encompassing activation, chemotaxis
and isolation of platelets in certain areas of micro-
circulation [9, 10].

The study of platelet involvement in sepsis has
become relevant in recent years due to paradigm
shift in understanding of platelet functions and ca-
pabilities. For a long time, platelets had been con-
sidered mainly as cells initiating blood coagulation.
However, in recent years platelets have been shown
to play aleading role in thrombosis, inflammation,
and immune reactions. Platelet activation causes
initiation of hemostasis, promotes platelet adhe-
sion to endothelium, components of extracellular
matrix, and immune system cells, triggers release
of proinflammatory cytokines (IL-8, IL-13,TNFa),
various chemokines, lipid and amino acid media-
tors, and growth factors [11]. Platelet activation can
be triggered not only by endogenous molecules
with alarmin functions (e. g., ADP) and suben-
dothelial structures (including collagen), but also
by microorganisms. When microorganisms are rec-
ognized, platelets become activated, change their
discoid shape, increase in volume and form numer-
ous pseudopodia [12]. Bacteria entering the blood-
stream activate platelets through direct contact or
through toxin release. Moreover, the same bacteria
can initiate both activation pathways [13]. After ac-
tivation by bacteria, platelets do not always aggre-
gate, releasing the contents of d-granules and stim-
ulating the inflammatory reaction by recruiting
neutrophils to form neutrophil extracellular traps
(NET) [14]. In some cases of bacteremia, dissemi-
nated platelet activation may occur, which leads to
microcirculatory disorders and release of inflam-
matory mediators, contributing to multiple organ
failure syndrome (MOES) [15].

Purpose of the study: to determine the rate of
thrombocytopenia in patients with generalized
NSTI, the factors contributing to its development
and relationship to septic shock.

Materials and Methods

The study was conducted from 09.2015 to 12.2019
in the soft tissue infections and sepsis surgical depart-
ment of the St. George Hospital, Saint Petersburg, Russia.
A simple single-center retrospective study included 129
patients with generalized NSTI. The diagnosis was based
on typical presentation and specific tissue alterations de-
tected during surgery [16].

All patients were admitted to the hospital urgently
and after a short-term examination in the intensive care
unit underwent surgical treatment consisting of an exten-
sive dissection of purulent focus and debridement. Later,
if necrosis persisted or progressed, repeated (staged) de-
bridement was performed. All patients were evaluated for
MOFEFS severity using the SOFA (Sequential Organ Failure

Assessment) scale. The terms «sepsis» and «septic shock»
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CTBYIOIIIME €€ PAa3BUTHUIO U CBA3b C PA3BUTUEM
CEeIITUYECKOro InoKa.

MarepuaJ 1 MeTObI

Hccnenoanme nposoguu ¢ 09.2015mo 12.2019 rr.
Ha 6a3e OT/ieJIeHNsI THONHOM XUPYPTUN MATKUX TKaHeH
u cencuca CIIb I'bY3 bonpaune: CB. BenmukoMmydeHnnka
Teoprus. B npocToe 0fHOLIEHTPOBOE PETPOCIEKTUBHOE
Hccie0BaHNe BKIIOYUIN 129 G0JIBHBIX C TeHepaJinu3o-
Ba"HHbIMU popmamu HVIMT. [luarsos ycraHaB/uBaIu
Ha OCHOBAHUM TUITUYHON KJIMHUYECKON KapTUHBI C Xa-
pakTepHBIMU U3MEHEHUSIMU TKaHEW, BbISIBJIEHHBIMU BO
BpeMsA OIIEPAaTUBHOTO JieYeHus [16].

Bce nanueHTsI IOCTyNa/Id B CTAllIOHAp B 9KCTPEH-
HOM TOPSAIKe U II0C/Ie KPaTKOCPOYHOT0 00CIeJOBaHUA B
YCJIOBUSIX OT/IeJIEHU S MHTEHCHUBHOM Tepary, UM BbITIOJ-
HSIJIW XUPYpPIUYecKoe JieueHre B O0beMe IITHPOKOIO
BCKPBITHH 'HOITHOTO OYara i HeKpIKTOMHUH He)KU3HECTIO-
COOHBIX TKaHeW. B maspHeHIeM, mpy cCoXpaHeHnH 60JTb-
1100 KOJIMYEeCTBAa HEKPO30B WJIM UX IIPOTPEeCCUPOBaHNY,
BBIIIOJIHSAJINA [IOBTOPHBIE (3TAlTHBbIE) HEKPIKTOMUU. Y BCEX
narueHToB oneHnBan kpurepuu CI10/], BIpaskeHHOCTD
KOTOPOI'0 XapaKTepua3oBaay KOJWYECTBOM Oa/lIOB IO
mkasie SOFA (Sepsis Related sequential organ failure as-
sessment). TEPMHUHBI «CETICHC» U «CENTHYECKUH IIIOK» UC-
I10JIb30BAJIA B COOTBETCTBUU C TPETHUM MEKIyHAPOIHbIM
KOHCEHCYCOM I10 OIIPee/IEHUI0 CEIICHCa U CeIITUIECKOrO
moka (Cenicuc 3) [7]. Hanmume cuHapoMa cucTeMHOM BOC-
nasuresibHOU peakiuu (CCBP) nmoarBepskaaay npu 2-x
nm 6oJiee IPU3HAKOB: TeMmeparypa > 38°C wm < 36°C;
YUCC > 90/munyTy, Y/1 > 20/ MUHYTY WJIU TUTIEPBEHTHU-
JIALUA C COIepsKaHueM JUOKCHUa yIiepona B KpOBU
< 32 MM PT. CT., YUCJIO JIEHKOIIUTOB B KPOBHU > 12X10° /71
nm <4x10°/1, mnm He3peJsibix hopm HerTpoduios >10%)
[17]. Bcero 60JIbHBIX B IPyIIle CUCTEMHOMN BOCIIA/IATEIb-
HoH peaknyu «CCBP» 651710 22, B rpyIIIe «cercuc» — 63, B
rpymie centudeckuid mok «CI» — 44 yejioBeK.

HVMT y manueHTOB pa3BHUBajach Ha (poHe pas-
JIMYHOU MTATOJIOTUH, IpeodJIagaiu cCepaedHO-COCyI1-
cThle 3aboJieBaHus (MIeMuyeckasi 60J1e3Hb cepa u
runepToHndeckas 6osesns II-111 crenenn) (48 60J1b-
HBIX, 32,7%), oHKOMaroJorus (15 60sbpHBIX, 11,6%), ca-
xapHbIi 1radet II Tuna (15 60abHBIX, 11,6%), XpoHUYe-
ckue BupycHble renarutsl B u C (14 60abHBIX, 10,8%),
okupenue 2-3-1 crereHu (9 60JIbHBIX, 7%).

BceM 60JIBHBIM TPOBOIUIIN OAKTEPHUOJIOTUYECKOe
Hcc/leJoBaHNe KPOBU U OTeJI1eEMOI0 U3 PaHbl (IIpU XU-
pypruueckoit 00paboTke oyara UH(MEKIIUY), FeMaToJI0-
TUYecKre ¥ OMOXMMUYECKIe UCCIeI0BaHUs, OIpee-
JISLJIA TIOKA3aTeJsIN CBepThIBAIOIIEel CHCTEMBI KDOBH.

CraTtucTuueckyio 00paboTKy MMOJTyYeHHBIX JaH-
HBIX MPOBOAUJU C HCIOJIb30BAaHUEM IIPOTPaMMHON
cpenbl craTucTudeckoro ananuada VBA (XLSTAT), van-
crpoiiku MS Excel u nporpammuoro nakera IBM SPSS
Statistics 20.0. HopMa/IbHOCTB pacipeaesieHus1 KoJaude-
CTBEHHBIX IIPU3HAKOB B BHIOOPKE OIEHHBAJIH IO Be-
JUYMHAM acCUMeTPUM paclpeleseHUsA U 9KCIecca
(Kurtosis excess), 3areM JOIOJHUTEJIbHO MPOBEPSIN
npu nomoinu W-kpurepus lllanupo-Yuika. B ciyuyae
HOPMaJIbHOTO paclpefe/ieHusl CpaBHEHUe KoJjude-
CTBEHHBIX [TOKa3aTesiel Meskay IpyamMuy IIPOBOAUIN C
oMo -KkpuTepus CTbIOJEHTa, B IPOTUBHOM CJIy-
4Jae UCIOJb30BAJIN HellapaMeTpuiecKuil U-Kputepuii
Manna-YurHu. [Ipu ucnonb3osanuu -recrta u U-Tecra
JIaHHBIE IIpefCcTaBUIn Kak M+mu Me [Min—-Max], cooT-
BeTCTBEHHO. KareropuasnbHble llepeMeHHble IIpeJCTa-

were used according to the third international consensus
definition of sepsis and septic shock (Sepsis 3) [7]. Sys-
temic inflammatory response syndrome (SIRS) was diag-
nosed when 2 and more of the following were seen: body
temperature >38°C or <36°C, heart rate >90 beats per
minute, respiratory rate >20/min or hyperventilation with
blood CO, <32 mm Hg, WBC count >12X10°/1 or <4X10%/1
or immature neutrophil percentage >10% [17]. In total,
there were 22 patients in the systemic inflammatory re-
sponse syndrome (SIRS) group, 63 patients in the sepsis
group, and 44 patients in the septic shock group.

The patients developed NSTI with diverse underly-
ing conditions, predominantly cardiovascular diseases
(coronary heart disease and stage 2-3 hypertension) (48
patients, 32.7%), cancer (15 patients, 11.6%), type 2 dia-
betes mellitus (15 patients, 11.6%), chronic viral hepatitis
B and C (14 patients, 10.8%), and 2-3 degree obesity (9
patients, 7%).

Bacteriological analysis of blood and wound dis-
charge (during surgical treatment of the infection focus),
hematological and biochemical examinations, blood co-
agulation tests were performed in all patients.

Statistical analysis was performed using VBA (XL-
STAT), MS Excel add-on and IBM SPSS Statistics 20.0
software package. Normality of distribution of quantita-
tive parameters in the sample was assessed by Kurtosis
excess, and then additionally tested using Shapiro-Wilk
W-criterion. In case of normal distribution, intergroup
comparison of quantitative parameters was done using
Student's f-test, otherwise, nonparametric Mann-Whit-
ney U-test was used. When using the #-test and U-test,
data were presented as M+m and Me [Min—-Max], respec-
tively. Categorical variables were presented in absolute
values and frequencies (%) and compared using the y?
test with Yates’ correction. To assess the correlation be-
tween variables with non-normal distribution, Spearman
rank correlation was calculated. Differences were consid-
ered significant at P<0.05.

Results and Discussion

Patients who developed sepsis or SS as a result
of NSTI differed significantly in a number of clinical
and laboratory parameters on the day of admission
(Table 1).

Our findings indicate that patients who devel-
oped SS were on average older, sought specialized
surgical care earlier due to a more acute onset, had
alarger wound area and more severe multiple organ
failure than patients with sepsis. Blood count analy-
sis showed that in SS patients the platelet count was
significantly lower, and their average volume was
higher than in sepsis patients. At the same time, SS
patients had a more pronounced left shift in the dif-
ferential, while the monocyte count was lower than
in the group of comparison.

To investigate the involvement of platelets in
septic shock development, we studied changes in
their blood count. Thrombocytopenia (platelet
count <150%X10°/1) was found in 23 of 44 (52%) pa-
tients with SS, and in 17 of 85 (20%) patients with
sepsis and SIRS on admission (y?=12.547; P<0.001).
On day 3 of hospitalization, thrombocytopenia was
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Tabsauna 1. [Tapamerpsl 60abHBIX HUMT ¢ cencrucoM U cenTHYeCKUM mokoM (M+m uau Me [Min-Max)).
Table 1. Parameters of NSTI patients with sepsis and septic shock (M+m or Me [Min-Max]).

Parameters Normal values Sepsis, n=63 Septic shock, n=41 Pvalue
Age, years 56.3+1.9 62.3+2.8 0.040 (t)
Mortality 21 (33%) 36 (87%) 0.001 (x?)
Time from the onset of the disease (hours) 37 [2-168] 14 [3-96] 0.012 (U)
Lesion area (% of body surface) 6[1-18] 10.5 [3-72] 0.001 (U)
SOFA Index (day 0) 3 [0-10] 8.5 [1-17] 0.0001 (U)
Hematological parameters (day 0)
Platelets (xX10°/1) 150-400 231 [34-824] 182 [25-649] 0.001 (U)
MPV (fl) 7-10 9.1 [6.3-13] 9.7 [5.8-11.9] 0.005 (U)
Myelocytes (%) 0 0 [0-1] 0 [0-6] 0.027 (U)
Metamyelocytes (%) 0 0 [0-5] 0 [0-10] 0.013 (U)
Band cells (%) 1-5 229+1.4 27.6+2.2 0.039 (t)
Monocytes (%) 3-12 4 [0-13] 3 [0-10] 0.007 (U)
Biochemical parameters (day 0)
Procalcitonin (ng/ml) 0-0.064 2 [0-3] 3 [0-3] 0.00001 (U)
Creatinine (umol/l) 44-106 124 [48-574] 185 [48-629] 0.007 (U)
Urea (mmol/]) 3-9.2 12.7 [1.8-45.9] 16.4 [2.3-70.9] 0.002 (U)
Total protein (g/1) 64-83 56.6+1.1 48.8+1.7 <0.000 (t)
Total bilirubin (umol/l) 3.4-17.1 22.0£3.2 31.4+4.0 0.023 (1)
Potassium* (mmol/I) 3.5-5.1 31[2-1]0 4.6 [3.3-6.4] 0.01 (U)
Coagulation parameters (day 0)

INR 0.8-1.2 1.2 [0.8-10.2] 1.5[0.8-11.3] <0.00001 (U)
PTI (%) 70-120 68.3 [16.8-209.3] 59.6 [10.6-122.8]  0.002 (U)

Note. Day 0 — on admission to the hospital.

IIpumeuanue. Day 0 — Ipu NOCTyIVIEHUH B OOIBHULLY; age, years — BO3pacT, JieT; Mortality — cMepTHOCTS; time from the onset
of the disease (hours) — Bpems oT Hauasa 3abosieBanus (dacol); lesion area (% of body surface) — nomane nopaxenus (%
IIOBEPXHOCTH Tesia); normal values — HopMasbHBIE 3HaYeHNUs]; hematological parameters — remaroJsiornieckue napaMmeTpsl;
platelets — TpombouuTEI; myelocytes — MuesoIUTH; metamyelocytes — meTamueonuThl; band cells — nanoykosigepHbie
HeUTpoduUIb; monocytes — MOHOIIUTHI; biochemical parameters — GuoxumMuyeckue mokasaresiy; procalcitonin — npokaJsib-
IIUTOHUH; creatinine — KpeaTHMHUH; urea — MOY€BHHA; total protein — obuuii 6es10K, total bilirubin — o61uit 6unupyouH,
potassium — kaJiuii, coagulation parameters — nokasaresu remokoaryssiuu; INR — MHO; PTI — I1TH.

BUJINA B a0COJIIOTHBIX 3HAYEHHUAX U B BUIe yacToT (%),
CpaBHHMBAJIM C TTIOMOIIbI0 KPUTEPUS ¥ C TOMPABKOKA
Merca. JlJ11 OLlEHKM KOppeJAnU MEXIy IepeMeH-
HBIMH, HE IMEBIIMMY HOPMAJILHOI'O pacupeeseHus,
MIPOBOJWJIA PacueT paHToOBOH Koppessinuy CimpMeHa.
CTaTUCTUYECKU 3HAYMMBbIMU CUUTAJN PA3JTUUUA [IPU
3HaueHusx p<0,05.

Pe3ysbTaThl ¥ 00CYK/IEHHE

[TanyeHTE], Yy KOTOPBIX B pedyasrate HUMT
pasBuiics cerncuc unu CIII, B feHb NOCTyIJIEHUST
3HAYUMO PA3JINYAIUCH 10 PSAAY KINHUYECKUX U
JTaboPaTOPHBIX TapaMeTPoB (TabdJ1. 1).

[IpencraBseHHbIe JaHHbIE CBUIETEIbCTBYIOT,
YTO MAIHMEHTHI, Y KOTOPbIX pa3Buscs CII, 6611 B
CpelHeM CTaplile, paHbIlle 0O6paIaInch 3a cre-
IUAJN3UPOBAHHON XUPYPTUUECKOU MOMOIIBIO B
CBsA3U C 0OoJiee OCTPBIM HayasoM 3aboJieBaHUs,
“MeJsid 60JIBIIYIO IIOMIAAb PAHEBOI0 OPasKEHNU s
U BBIPQYKEHHOCTbH MOJMOPTaHHON HETOCTAaTOYHO-
cTy, yeM 00JIbHBIE C CeTICCOM. AHAJ/IN3 FreMOorpaM-
MBI ITOKa3aJ, 4To y 60sbHbIX ¢ CIII kosmyecTBO
TPOOOIIUTOB OBLJIO CYIIECTBEHHO HUYKE,  UX CPEJI-
HUH 00beM ObLI OOJIbINIE, YeM Y CENTHYECKHUX
6oabHBIX. [Tpu aToM y 60sibHBIX CIII OBbLT G0Jiee
BBIDQKEHHBIN CIBUT BJIEBO B JIEHKOIIUTApPHON
¢ opmyte, a KOJIMYECTBO MOHOLIUTOB OBLIIO HUKE,
4yeM B IpyIIle CDaBHEHUS.

Jyist ucciieoBaHusI y4acTHsl TPOMOOITUTOB B
Pa3BUTUHU CENTUYECKOTO II0KA U3YUUJIN U3MeHe-

detected in 16 of 25 (64%) patients in the SS group
and in 11 of 19 (58%) patients on day 7. By day 30
of follow-up, thrombocytopenia persisted in only 1
of 9 (11%) patients. Mortality was 62.5% (24 of 40)
among patients with thrombocytopenia and 40.0%
(34 of 89) in patients without thrombocytopenia
(*=4.455, P=0.035).

Figure 1 shows changes in the mean platelet
count and their mean volume in the groups of pa-
tients with SIRS, sepsis, and SS.

Our results demonstrate that the platelet
count decreased significantly only in SIRS patients.
The changes in the platelet count in patients with
SIRS and sepsis were almost identical. The mini-
mum platelet count was observed in all groups of
patients on day 3, and in the SIRS group this pa-
rameter was at the lower limit of the reference
range. Later, an increase in platelet count was
found in all groups, the smallest one seen in SS pa-
tients. Several clinical studies have reported re-
duced platelet counts in patients with SS with un-
derlying multiple trauma, pneumonia, or other
infections [18-20]. In a multicenter study of ICU pa-
tients, the maximum decrease in platelet count was
recorded on the 4" day of the disease [8]. Experi-
mental data indicate that the change in platelet pa-
rameters is a very early event and develops as early
as 2 hours after induction of experimental lethal
sepsis, while the increase in lactate level was only

recorded after 4 hours from the start of the experi-
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HUS UX KOJIMYECTBA B KPOBH. Y 00JIb-
HbIX ¢ CIII TpOMOOIIUTOIIEHUIO (YHCITO
TpoMboruToB  <150X10°/1)  mpu;
IIOCTYIJIEHUN BBIABUIMN Y 23 U3 44
(52%) maruenTa, ay OOJBHBIX CETICH-
coM u CCBP — y 17 us 85 (20%)
(¢*>=12,547; p<0,001). Ha 3-i1 nenb roc-
MMATAJIU3AITAA TPOMOOIIUTOTIEHUIO B
rpynme 6osbHbIX CIII BeIABUIN Y 16 M3
25 (64%) narueHToB, Ha 7-U eHb — Y
111319 (58%). K 30-my qaro HabmIone- 0
HUSI TPOMOOITUTOIIEHUST COXPAHSIIACh
TOJIbKO Y 1-r0 13 9-1 (11%) GOJBHBIX.
JleTanpHOCTHL Cpegy MalueHTOB C
TpoMOoIuTOIIeHnel cocraBuita 62,5%
(24 u3 40), a 6e3 TPOMOOITUTOTIEHUH —
40,0% (34 3 89) (y>=4,455, p=0,035).
Ha puc. 1 npeacraBuiu usme-
HEHUsI CpeJHero KOJINYeCcTBa TPOM-
00OIMTOB U UX CpegHero oobemMa B
rpymmax 60abHBIX ¢ CCBP, cencrcom
u CIII. 0
IIpencraBiieHHBIE pe3yJbTATHI
CBHUAETEJIbCTBYIOT O TOM, YTO YHCJIO
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TpOM6OI_[I/ITOB CyIieCTBEHHO CHUKa-

JIOCBh TOJIBKO Y 00s1bHBIX ¢ CII. [TnHa-
MHKa KOJIMYECTBA TPOMOOUHUTOB Y
6ospHBIX ¢ CCBP 1 cerncrcom mpak-
TUYECKU coBIagasta. MuUHUMaIbHOE
YHCJIO TPOMOOITUTOB PETHCTPHUPOBA-
JIV BO BCEX Tpynmnax 60/IbHBIX HA 3-1
JleHb, IpUYeM B Tpymme OOJTbHBIX
CIII aToT nNOKa3aresab HAXOOUJICS HA
HU)KHeNl TrpaHulle pedepeHCHbIX
3HaYeHUU. B 6ojee mo3gHIE CPOKH

Puc. 1. luHamMuKa 4ucia (a) ¥ cpegHero oosema (b) TpoMOOLIMTOB y O0JIBHBIX
cericucom, cenTuueckum moxkom u CCBP.

Fig. 1. Changes in platelet count (a) and the mean platelet volume (b) in pa-
tients with septic shock, sepsis and SIRS.

Note. For fig. 1 b, 2, table 1, 2: MPV — mean platelet volume. For a, b: the differ-
ences between the septic shock group and sepsis group are significant at * —
P<0.05; ** — P<0.01. The differences between the septic shock group and SIRS
groups are significant at * — P<0.05; " — P<0.01. U-test.

ITpumeuanwue. Septic shock — centuueckuii mok; sepsis — cerncuc; SIRS — CCBP;
platelets — Tpomb6oruTel; days — guu. s puc. 1 b, 2 m tabu. 1, 2: MPV — cpepn-
HUi 06'beM TpOoMOOIUTOB. [lJIs g, b: pa3iudrs MesKIy TPYIIIaMU «CeNTHYeCKUN
IIIOK» U «CEIICUC» CTaTUCTUYECKU 3HAaYUMBI 1Tpu * — p<0,05; ** — p<0,01. Pa3u-
YUsI MKy TPYIIIIaMH «CeNTUYeCKU OK» 1 «CCBP» CTaTUCTUYeCKU 3HAYMUMBbI

BO BCeX TpyIax HabJIomaaIn pocT
4yrucjaa TPOMOOIMTOB, HaWMeHee
BBIpa)KeHHbIN y nanueHToB c CIII. B
pAfe KJIMHUYECKHUX HCCJIelIOBAaHUU OTMedau
CHI)KEHVE KOJIMYEeCTBA TPOMOOITUTOB ¥ OOJTBHBIX
¢ CIII Ha ¢doHe NMOJMUTPABMBI, THEBMOHUU WUJIU
Ipyrux uHgeknuii [18-20]. B MHOTOII€HTPOBOM
nucciegoBannu y maneHTos B OPUT makcuMmalib-
HO€e CHU’KEeHUE KOJIMYeCcTBAa TPOMOOIIMTOB peru-
CTpUpOBaJIA Ha 4-1 neHb 3aboJieBaHusA [8]. IKC-
IIepUMEHTaIbHbIE JaHHbIE CBAIETEJIbCTBYIOT, UYTO
W3MeHeHHe TPOMOOIUTAPHBIX IapaMeTPOB
SIBJISIETCS OY€Hb PAHHUM COOBITHEM U pa3BUBAET-
CsA yoKe 4epea 2 yaca [ocje MHAYKIUY 9KCIIepU-
MEHTAJbHOI'0 JIeTaJbHOI'0 CEIICHCa, TOoIma Kak
IIOBBINIEHVE KOHIIEHTPAllUX JIaKTaTa PeTruCTpu-
pOBaJIX TOJIBKO Yepes 4 yaca OT HadaJjla 9KCIIepu-
MeHTa [21]. KpoMe TOoro, 0TME4YarT CBI3b CPOKOB
CHIPKEHUSI KOJIMYECTBA TPOMOOIIUTOB C THUIIOM
WHOEKIINY, TaK CHUKEHNE KOJTNYeCcTBa TpoMOOo-
[IUTOB OBLJIO CTAaTUCTUYECKU 3HAYMMBIM B Tede-
HHe IepBbIX 3-X JAHel cemcuca y MallMeHTOB C
IPaMIIOJIOKUTEJBHBIM CEIICHCOM, B TeYeHUe 4-X
JHEeU — ¢ IrpaMOTpUIlaTeJIbHBIM CEeIICUCOM U B

pu * — p<0,05; # — p<0,01. U-TecrT.

ment [21]. In addition, the relationship between the
time of platelet count reduction and the type of in-
fection was observed. Thus, the decrease in platelet
count was significant within the first 3 days of sep-
sis in patients with Gram-positive sepsis, within 4
days in Gram-negative sepsis and within 5 days in
fungal sepsis [22]. Hence, the recorded reduction of
platelet count in NSTT patients with SS as early as
on the first day of the disease and its further de-
crease during the next 3 days agrees with the data
obtained by other authors in the clinical and exper-
imental studies.

The mean platelet volume during the first
week of follow-up was significantly higher in SS pa-
tients, and starting from the second week of the dis-
ease (days 10 and 15) the minimal MPV values were
noted in SIRS patients. During the same period,
MPV values in sepsis patients and SS patients did
not differ significantly. The increase in platelet vol-
ume is generally attributed to their activation and
the formation of pseudopodia. Large platelets have
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TaGsmmna 2. YacToTa TPOMOOIMTONIEHUH H TPOMOOIIUTApHBIE MH/EKCHI Y 00ibHBIX HUMT ¢ pa3auyHbIMH (o-
HOBBIMH 3a00JIeBaHUAMH (3-# 1eHb, M+m niu Me [Min-Max]).
Table 2. Frequency of thrombocytopenia and platelet indices in patients with NSTI and various underlying diseases

(day 3) (M+mor Me[Min-Max]).

Ne Underlying diseases Thrombocytopenia frequency MPV PDW PCT

1 CVD (n=33) 5 (15.1%) 9.4+0.2 15.6 [7.0-18.1] 0.23+0.02
CVH C (n=18) 10 (55.5%) 10.0+0.3 16.5 [11.7-26.5] 0.16+0.02
P, o) 0.007
P, 0.047 0.012
P, ,(U) 0.023

Note. For table 2, fig. 3: CVD — cardiac vascular diseases; CVH — chronic viral hepatitis.
IIpumeuyanwue. /{5 TabJ1. 2 u puc. 3: CVD — cepaeyno-cocyauctbie 3aboseBanust; CVHC — XpoOHUYECKUN BUPYCHBIN I'elaTuT
C. PDW — pacnpepesieHue TPOMOOIIUTOB 10 IIUPHHE, aHU301UT03; PCT — TPOMOOIIUTOKPUT.

TedeHre 5-U THEN — C TPUOKOBBIM CETIcrucoM [22].
TakuMm o00pas3oM, 3aperuCTPUPOBAHHOE HAMU
yMeHbIIIeHHe KOJINYeCTBa TPOMOOLIUTOB y 00JIb-
Hb1x HYUMT c CIII y’xe B nepBble CyTKHU 3a00J/1eBa-
HUs U €T0 JajbHelNIIee CHIKeHYEe B TeYeHe 3-X
IHeH cCOBMajaeT C JaHHBIMU, TOJIYIEHHBIMU JIPY-
TMMU aBTOPaMU B KJIWHUKE U B 9KCIIEPUMEHTE.

Cpenuuii 00beM TPOMOOIIMTOB B Te4YeHHE
TIepBOU Hele/Th HaOJTIoeHNsI OBIJT 3HAYMMO 00JTb-
M y 6ospHBIX CIII, a co Bropoii Hefenu 3aboJe-
BaHUA (10-1 1 15-11 1eHb) MUHUMAaJIbHBIE TTOKa3a-
tesiu MPV ormernsu y 60sibHBIX CCBP. B atu sxe
cpoku nokasaTteau MPV y 60JIBHBIX CETICHCOM U
CIII 3HaYMMO He pas3andaInchk. F13BecTHO, 4TO yBe-
JmyeHre 06'beMa TPOMOOITUTOB CBSI3aHO C X aKTH-
Baryeil 1 o0pa3oBaHmeEM TiceBAonoanii. KpymHbie
TPOMOOITUTHI UMEIOT OOJIbIIE TpaHys, OBICTpee
arpervupyior, TPOAYIHUPYIOT OOJbINE JIATIHIHBIX
MOJYJISAITOPOB U 9KCIIPECCUPYIOT OOJIBIIIE PETIenTO-
posB [23, 24]. [IpeacraBjieHHBIE HA PUCYHKE 1 n3Me-
HEHWSI CPeTHEr0 KOJMYecTBa M 00beMa TpoMOOoITH-
TOB HAIJIAJHO CBUJETEIHbCTBYIOT, YTO CHIIKEHUE
YrcJia TPOMOOIIMTOB COBIIAAAET 110 BpEMEHH C yBe-
JITYEHVIEM FX CpeJTHET0 00'beMa, UYTO YKa3bIBaEeT Ha
CBSI3b TPOMOOITUTONIEHNH C aKTUBALMEN TPOMOO-
OUTOB. BRIABM/IN 3HAYMMYIO CBS3b KOJMYECTBA
TpoMOonuTOB 1 MPV 11pu nocrymeHuu 60JIbHbBIX
c cenncucom B OPUT (puc. 2), uTo, HapsAIy C JaHHBI-
MU IPYIUX aBTOPOB [22], 1aeT OCHOBAHUA CUUTATh,
YTO aKTHBAIMs TPOMOOIHMTOB W CHU’KEHHE WX
KOJIMYECTBA B OTIPEJIe/IEHHBIX CIYYasIX MOTYT OBITh
B3aMMOCBsI3aHHBIMH ITPOIIECCAMM.

¥ 6ompHBIX HUMT, nMeBIIMX TPOMOOITATO-
TIEHUIO B JIeHb MTOCTYIJIEHNS BBISIBUJIN CTAaTUCTH-
YeCKH 3HAYUMYI0 KOPPEJAIUI0 KOJWYeCcTBa
TPOMOOIIMTOB C JJ0JIe CEeTMEHTOSIIEPHBIX HEUTPO-
¢unos (r=0,342; n=40; p<0,003). B rpynme 60Jb-
HbIX CIII mepevyrcieHHbIe TApaAMETPhI HE UMETH
3HAYMMOU B3aMMOCBSI3H, HO IIPU 9TOM BBISIBUJIA
KOPPEJIANUI0 KOJTNYeCTBA TPOMOOIIMTOB C TIOKa-
3aTeJIAMU IPOKAIBIIMTOHUHOBOIO TecTa (r=-0,605,
n=41, p<0,002), KoTopass oKasaJjiachb BBIIIE, YeM
CBsI3b IIOKa3aTeJsiel TPOKaIbIIMTOHMHOBOTO TECTA
c uagexkcom SOFA (r=0,311, p<0,02).

AHanu3 mapaMeTpoB, KOTOPbIE OKA3bIBAJIHN
CYIIIECTBEHHOE BJIMSTHHE Ha KOJIMYECTBO TPOMOO-

y=-0.0029x+9.8335
R2=0.1832

MPV, fl

0 200

400 600
Platelets x<10°/1

800 1000

Puc. 2. KoppeaAanus Me;kay YHCJIOM U CPeTHUM 00beMOM
TPOMOOIHUTOR y GOJBHBIX CEIICHCOM IPHU NOCTYIVIEHUH B
ooasHHuLy (n=63; r=—0,333; p<0,008).

Fig. 2. Correlation between the platelet count and mean
platelet volume in patients with sepsis on admission to the
hospital (n=63; r=—0.333; P<0.008).

more granules, aggregate faster, produce more lipid
modulators, and express more receptors [23, 24].
The changes in mean platelet count and volume
presented in Fig. 1 clearly show that the decrease in
platelet count coincides in time with an increase in
mean platelet volume, indicating a connection be-
tween thrombocytopenia and platelet activation.
We found a significant relationship between
platelet count and MPV in patients with sepsis on
admission to ICU (Fig. 2) [22], which, along with the
data of other authors, suggests that platelet activa-
tion and decreased platelet count in certain cases
may be interrelated.

Patients with NSTI who had thrombocytope-
nia on the day of admission showed a significant
correlation between the platelet count and the per-
centage of segmented neutrophils (r=0.342; n=40;
P<0.003). In the SS group the above parameters had
no significant correlation, but a correlation be-
tween platelet count and procalcitonin values was
revealed (r=—0.605, n=41, P<0.002), which was
stronger than that of procalcitonin test and SOFA
index (r=0.311, P<0.02).

Analysis of the parameters significantly affect-
ing the platelet count in NSTI patients revealed a
relationship between thrombocytopenia and un-
derlying diseases. Thus, on day 3 after admission,
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nuTOB y 00sbHBIX HVIMT, mMO3BOJINI BBISIBUTH
CBSI3b TPOMOOIIMTOTIEHUY C HaIU4YreM (POHOBOH
nmarojoruu. Tak, Ha 3-U JeHb IOCIUTAJIU3aUN
4acToTa TPOMOOIUTONIEHNN 3HAYUMO pasJimya-
JIach B rpynimax 60JILHBIX C CEPIIETHO-COCYIUCTHI-
mu 3abosieBaausaMu (CC3) 1 XpOHUIECKUM BUPYC-
HbIM renatutoM C (XBI'C) (tadJi. 2).

OnHako, 4acToTa Pa3BUTHUSA CENTHUUYECKOTO
IIIOKa cpeau OOJbHBIX C Pa3JIMYHON (DOHOBOM
raToJIoTHuell 3HAaYNMO He pasdJjaunyaiachk (7 us 18
(38,8%) cpemu manMeEHTOB C CONYTCTBYIOIIAM
XBI'C n y 20 u3 48 (41,6%) nmamuenToB ¢ CC3).
JleTa/IbHBIN MCXOJ, 3aperucTpUpoBaH y 6 us 18
(30%) 60JbHBIX XBI'C, 4TO 3HAYUMO HEe OTINYa-
JIOCh OT YaCTOTHI JIeTAJIbHBIX UCXO40B B IpyIle
0o0JbHBIX ¢ CC3 (24 n3 48 manuenTos, 50%).

VaMmeHeHnss KoOJIW4YecTBa TPOMOOIIMTOB B
CpaBHUBAEMbIX I'pyIIiax (pyc. 3) CBUIETeIbCTBYIOT,
uyTo y 60s15HBIX HUMT Ha ¢one XBI'C Komn4uecTBO
TPOMOOITMTOB Ha BCeX Tarnax Hab/IIogeHusI ObLIO0
HIKe, yeM y 00abHbIXx HUMT ¢ CC3, npuuem y
6ouibHBIX XBI'C Ha 3-i1 feHb 3a00JieBaHUA HAa0JII0-
JlaJI MUTHUMAaJIbHOE CPeTHEE YU CII0 TPOMOOITUTOB.

B atm ske cpokn y 6016HBIX XBI'C oTMeTHIIN 1
0oJiee BBICOKYIO YaCTOTY TPOMOOITUTOTIEHNH, MaK-
cUMaJIbHbIe 3HaYEeHUs CpeaHero oo bemMa TpoMo0-
[IUTOB, BBIPA)KEHHYIO aHU30TPOMIHIO TPOMOOIIUTOB
U MUHUMaJbHble 3HAYEHUsI TPOMOOIUTOKPUTA
(tabJr. 2). To ecTh, y 60abHBIX XBI'C BRIABUIN HAU-
0oJiee BhIpAYKEHHBIE U3MEHEHUST TPOMOOIIUTOB,
OHAKO 9T HAPYLICHNs He IPUBOAWJIN K IIOBbBIIIE-
HUIO0 4acTtoThl pa3dButusi CIII u Gosiee BHICOKOU
JieTaabHOCTH. [10-BUIMMOMY, TPOMOOIIUTOTIEHU ST
He Bcerga naroreHerudecku cBsidana c CIII.

Yacrora passurusa ClI npu BbIABJIEHUU B
pareBoMm otnesisieMoM Klebsiella pneumoniae cocta-
BwJIa 65% (13 u3 19 O0JIBHBIX), TPU aHAIPOOHOM
nHpexmu — 33,3% (4 312 60JIbHBIX), TPU UHPU-
uupoBanuu E. coli— 31% (6 u3 20 60/bHBIX), IPU
UH(UITTPOBAHUY CTPENITOKOKKAMU U CTA(UTOKOK-
KamMu — 26,5% (17 u3 64 60J1bHBIX), T. €. CIII 3Haun-
MO Yallie pa3BUBAJICS ¥ OOJTbHBIX IIPU BHISIBJIEHUN
K. pneumoniae (y*=4,142, p=0,042; x*>=4,322, p=0,038
n x?=9,313, p=0,003, COOTBETCTBEHHO).

I[Io xoamyecTBY TPOMOOIIUTOB B J€Hb
nocrynsienusd B OPUT 6osbHble, MHOUIMPOBAH-
HbIE IEPEeYNCIeHHBIMY BUIaMU OaKTepUii, He pas-
JIMYAJIACH, OTHAKO Y O0JIBHBIX, Y KOTOPBIX U3 PaHe-
BOI'O CONEpP;KUMOTO BbIceBanu K. pneumoniae,
OTMeYaJiu caMbIi BbICOKU MPV 110 cpaBHEHUIO C
0OJIBHBIMU, Y KOTOPBIX U3 PAHEBOTO COJIEPKUMOTO
BBICEBAJ/IM Ipyrye TUIMBI OakTepuii (9,78+0,1 npo-
TuB 9,27+0,2, p=0,025). To ecTb, B cimyuae HUIMT,
CBsI3aHHOU ¢ nH(pekrnmen K. pneumoniae, OTMETHU-
JIV CHUSKEHUE KOJIMYECTBA, POCT CPeHero oobeMa
TPOMOOIMTOB (ITOKa3aTe/Ib UX AKTHUBAIINH).

[Ipu skcneprMeHTaJILHOM CETICUCE, BI3BAH-
HOM BBejeHueM K. pneumoniae B nblxaTesbHbIe
MyTH, OBLJIO ITOKA3aHO, YTO TPOMOOIIUTHI UTPAIOT
Ba)KHYIO POJIb B pa3BUTHUHU CEIICUCa U Jaske IIpU
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Puc. 3 /luHaMuKa yncjaa TpoMoouToB y 60iasHbIx HUMT ¢
XPOHHYECKHM BHPYCHBIM renatutom C (n=18) u cepaeuHo-
cocyaucTbiMu 3adosneBanusavu (I'b u UBC, n=48).

Fig. 3. Changes in platelet count in NSTI patients with chronic
viral hepatitis C (n=18) and cardiac diseases (hypertension
and coronary heart disease, n= 48).

Note. Differences are significant: * — P<0.05; ** — P<0.01. U-test.
IIpumeyanue. pa3au4Msi CTaTUCTUYECKU 3HAYUMBL * —
p<0,05; ** — p<0,01. U-TecrT.

the frequency of thrombocytopenia differed signifi-
cantly in the groups of patients with cardiovascular
disease (CVD) and chronic viral hepatitis C (CVHC)
(Table 2).

However, the frequency of septic shock
among patients with different underlying diseases
did not differ significantly (7 of 18 [38.8%] among
patients with comorbid CVHC and in 20 of 48
[41.6%] patients with CVD). Lethal outcome was
recorded in 6 of 18 (30%) patients with CVHC,
which did not differ significantly from the fre-
quency of death in the group of patients with CVD
(24 of 48 patients, 50%).

Our data (Fig. 3) indicate that NSTI patients
with CVHC had lower platelet counts at all stages of
follow-up than NSTI patients with CVD, with min-
imal mean platelet counts observed in CVHC pa-
tients on day 3 of the disease.

During the same period, the patients with CVCH
also demonstrated a higher frequency of thrombocy-
topenia, maximum MPV values, severe platelet aniso-
cytosis, and minimal plateletcrit values (Table 2). That
is, the most marked changes in platelets were de-
tected in patients with CVHC, but these disorders did
not associate with an increased incidence of SS and
higher mortality. Apparently, thrombocytopenia is not
always pathogenetically related to SS.

The frequencies of SS development were as
follows: 65% (13 out of 19 patients) when Klebsiella
pneumoniaewas detected in the wound discharge,
33.3% (4 out of 12 patients) in anaerobic infection,
31% (6 of 20 patients) when infected with E. coli,
26.5% (17 of 64 patients) in infection with strepto-
cocci and staphylococci, i.e., SS was significantly
more common in patients with cultured K. pneu-
moniae (y*=4.142, P=0.042; y?=4.322, P=0.038, and
x%=9.313, P=0.003, respectively).
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HU3KOM CO/IEp’KaHUM TPOMOOIMTOB B KPOBU
MOBBIIAETCA MPOAYKILHS IIPOBOCIANIUATEIBHBIX
OUTOKWHOB, YTO YXyAIIaeT TeuyeHue 3aboJseBa-
Hus [25]. CBSA3b TPOMOOITUTOIIEHUY C PA3BUTHUEM
CII u runepnponyKIuei BOCIAIUTETbHBIX IIUTO-
KHHOB 00BSICHSIOT CIIOCOOHOCTHIO TPOMOOIITUTOB
OJIOKUPOBATH MPOAYKIIUIO JTUMUIHBIX BOCIAJIH-
TeJIbHBIX MEANATOPOB MaKpodaraMu IyTeM UHTU-
OMpPOBAHUS ITUKJIOOKCUTEHA3HI-1 [26].
HccnenoBanue — IyTeil,  OIpeNeJISIONTAX
TIOsIBJIEHVIE TPOMOOIIUTOIIEHNH B XOJI€ MH(DEKITNOH-
HOT'O BOCHAJ/IMTEJIBHOTO IIPOIIECCca, II0Ka3aslo, YTo K
pasButuio tpomboruronenuu u CII mpuBomgut
aKTUBaIUs TPOMOOIMTOB, TpPU KOTOPOH OHH
TepsIIOT O-rpaHydbl [27]. [Ipu aToM npolecchl arpe-
ranyuy M aare3suyd TPOMOOITUTOB He OKa3bIBAJIA
3HAYNUTEJIBHOTO BJIUAHNA Ha passurne CIII. B akc-
nepuMeHTe ObLIa TOKa3aHa CBsI3b MEKIY Pa3BUTHU-
eM CIII, akTuBaryeil TpOMOOIIMTOB, UX CEKBECTPA-
1yeil B MUKPOCOCYaxX JIETKUX, MO3Ta U CUHYCOUIax
TIeYeHn C BBICBOOOMKIEHWEM HMH CEpPOTOHUWHA,
HaKOIJIEHHOT0 B 0-rpaHyJiax. [locsie nerpanynismuu
TPOMOOIIUTHI BO3BPAIAIOTCS B ITUPKYISITOPHOE
PYyCJIO, HPOMCXOOUT BOCCTAHOBJIEHUE UX YU CIEHHO-
CTU, HO OHU TepSIIOT aKTUBALIMOHHBINA (hpeHOTHII,
3aMeTHO CHIIKAETCS coflepskaHue 0-rpaHyq, a ~30%
OUPKYIUPYIONIAX TPOMOOITUTOB IMPAKTUYECKU He
uMerT ceporoHuHa [27]. IlocKoabKy ogHUM uU3
a(pderTOB CEpOTOHMHA SBJISIETCS CHIYKEHUE apTe-
pUaJIbHOTO 1aBJIEHUA U YaCTOThI CEPAEYHBIX COKPa-
1IeHuH [28], CTAaHOBUTCS MOHSTHOU CBSI3b MEXKIY
aKTUBaIMell TPOMOOIIMTOB, BBICBOOOKIEHUEM
CepoTOHMHA U3 0-TpaHyJ1 u pazsurtreM ClII, B ocHO-
Be KOTOPOTO JIesKaT TeMOITUPKYISATOPHBIE, META00-
JUYeCKMe ¥ MUTOXOHJpHAIbHble HapyIIEeHUs.
MullleHbIO CEpOTOHMHA B JAHHOM CJTy4ae sIBJIAI0TCA
€ro pelenTopbl Ha 9HI0TeINaIbHBIX KIeTKaX.
Hdpyro#i Ba’kKHOU MUIIEHBIO CEPOTOHUHA,
BBIJIEISIEMOTO0 TPOMOONIMTAMU TIPU CETICHUCE,
SIBJISTIOTCST HeUTpodubl. HeldTpodub! mpusJie-
KaloTC XeMOKWHAaMH, BBICBOOOYKTaeMbIMHU W3
AKTUBUPOBAHHBIX TPOMOOIIMTOB, MHIYIIHPYIOTCS
CEepOTOHUHOM U IPOAYIUPYIOT (pochoIUmuIHbIN
MeguaTop (QakTop AaKTUBALMU TPOMOOIIMTOB
(Platelet Activating Factor — PAF), koTopslii crio-
cooOctyet pasputuio CIII. B skcnepumenTe OBLIO
II0KA3aHo, YTO B OTCYTCTBUM HelTpodusos CIII He
pas3BUBAJICA, HECMOTPS Ha IIPOLYKIIAI0 CEPOTOHU-
Ha TpoMboruTamu [29]. ITpu 3TOM Ba3oauIATAINA
COXpaHsIach. ITO IO3BOJIMJIO aBTOPaM 3aKJIIO-
YUTh, YTO TPOMOOIUTHI, BBIIEJsIsI CEPOTOHUH,
VOpaBJISAIOT W aKTUBamued HeHTpoduios, u
(yHKIIMEN 9HA0TeNNATbHBIX KJIETOK.
BrIgB/IeHHAA HaMU KOPPEJIALNA MesK Iy KOJIN-
YeCTBOM TPOMOOITUTOB U JOJIEN CETMEHTOSIIEPHBIX
HerTpoduaoB y 6ompHEIX HUMT c TpomboruTorte-
HUEUN COOTBETCTBYEeT ONMCAHHOM BBIIIIE TOC/IeI0Ba-
TeJIbHOCTH COOBITUH IaToreHe3a U yKa3bIBaeT Ha
KOOPAWHAIIIO aKTUBAIIH/ CEKBECTPAI! TPOMOO-

There was no difference in the platelet count
on the day of admission to the ICU among pa-
tients infected with the above-mentioned types of
bacteria, but patients with K. pneumoniae iso-
lated from the wound discharge had the highest
MPV, compared to patients with other cultured
bacteria (9.78+0.1 vs 9.27+0.2, P=0.025). This
means that in NSTI associated with K. pneumo-
niae there were a reduced platelet count and in-
creased mean platelet volume (indicating throm-
bocyte activation).

In experimental sepsis induced by airway in-
oculation with K. pneumoniae, platelets have been
shown to play an important role in the develop-
ment of sepsis, while the production of proinflam-
matory cytokines was increased even at low blood
platelet levels, further deteriorating the disease
[25]. The association of thrombocytopenia with SS
development and overproduction of inflammatory
cytokines could be explained by the ability of
platelets to block the production of lipid inflamma-
tory mediators by macrophages through cyclooxy-
genase-1 inhibition [26].

Analysis of thrombocytopenia development
pathways during infection-associated inflamma-
tion has shown that thrombocytopenia and SS are
caused by platelet activation associated with a loss
of 0-granules [27]. At the same time, platelet aggre-
gation and adhesion had no significant effect on
the development of SS. An association between the
development of SS, platelet activation and seques-
tration in pulmonary and cerebral microcircula-
tion as well as in liver sinusoids with the release of
serotonin accumulated in 0-granules was shown in
the experiment. After degranulation, platelets re-
turn to the bloodstream, their number is restored,
but they lose their activation phenotype, the con-
tent of 0-granules is markedly reduced, and ~30%
of circulating platelets have virtually no serotonin
[27]. Since one of the serotonin effects is the reduc-
tion of blood pressure and heart rate [28], the con-
nection between platelet activation, serotonin re-
lease from o-granules and development of SS
based on circulatory, metabolic, and mitochondr-
ial disorders, becomes clear. Serotonin targets its
endothelial cell receptors in this case.

Neutrophils are another important target of
serotonin released by platelets in sepsis. They are
recruited by chemokines released from activated
platelets, induced by serotonin, and produce the
platelet activating factor (PAF), a phospholipid
mediator which promotes the development of SS.
Experimental studies failed to show SS develop-
ment in absence of neutrophils despite the pro-
duction of serotonin by platelets [29]. Meanwhile,
vasodilation persisted which allowed the authors
to conclude that platelets, by secreting serotonin,
control both neutrophil activation and endothelial

cell function.
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Knuuudeckue uccjaeqoBaHud U IIPpaKTUKaA

IIMTOB ¥l HEUTPO(HUIIOB, TPUBOISAIIYIO K TPOMOOITH-
tonieHuu. B rpynme 6osbHbIX CIII (HE3aBUCUMO OT
HaJTIY¥sI TPOMOOITUTOTIEHUH) TIOMOOHYIO KOPPEJIsi-
OUIO He BBIABWJIM, OJHAKO BBIABUJINA 3HAYUMYIO
OTpHULIATEJIbHYIO KOPPEJIALUI0 KOJIUYeCTBA TPOM-
0OIUTOB C KOHIIEHTpANHeN MPOKATBIIMTOHNHA B
KPOBH, YTO YKa3bIBAET Ha CBSI3b TPOMOOIINTOTIEHUH
C aKTUBHOCTBHIO BOCIIAJIUTEJILHOIO IIpoliecca. ITO
II03BOJIAET MIPEAIIOJI0MKUTD, YTO CEKBECTPAUA 1
JETPaHYJISANNSA TPOMOOIIUTOB SIBJISIETCST OMHUM U3
HEeCKOJIBKUX ITyTel, BeAYIINX K AUCPETYIISIIIUU COCY-
JIMCTOI0 TOHYCAa I[IPU CETICHUCE.

WNnmocTpanueil TOro, YTo CHUMKEHHUE YHUCTIa
TPOMOOITUTOB U X aKTUBAIVsI HE BCET/IA SIBJISTIOT-
CA JOCTAaTOYHBIM ycjioBueM st passutus CIII,
CJIy>KaT MaHHbIe O COCTOSTHUU TPOMOOIIMTOB W
yactote CIII y 6osapHbIx HUMT, ipoTekaroieii Ha
¢one XBI'C. VY aTux 60/IbHBIX OTMEYasIH BhIPAsKEH-
HYI0 TPOMOOITUTOIIEHHIO, YBEJTMYEHNE CPETHETO
o0beMa M aHM30TPONUU TPOMOOUUTOB (puc. 3,
TabJI. 2), OJHAKO 9TO HE COIPOBOSKAAIOCH ITOBBI-
meHueM yacTtorel pa3surusa ClI u setanbHOCTH.
V3BeCcTHO, UTO IedYeHb SBJsIETCS BasKHEHIINM
OpraHoM, BJIUSIIONINM Ha 00pa3oBaHre TPOMOOITH-
TOB (32 CYET IPOAYKIIFH TPOMOOTIOITHHA) U yase-
HHUe CTapbIX/MOBPEXKIEHHBIX TPOMOOIIUTOB U3
kpoBH [30]. YacToTa pasBuTHs cericruca y 60JIbHBIX
Cc 3a00JieBaHUAMMU IIedeHU moBbIleHa [31, 32].
BeposATHOWI TIPUYMHON TPOMOOIIUTOTIEHUU TIPU
XBI'C cumraioT MHOUUIUPOBaHNE TPOMOOIUTOB
BupycoMm remnarura C, YTo IPUBOJUT K UX aKTUBa-
[IUUA ¥ YCKOPEHHOMY KJynpeHcy [33]. [lo-Bunumomy,
Y TPOMOOITUTOB, HAXOSIIINXCS B COCTOSTHUM XPO-
HUYeckoy aktuBauuu npu XBI'C, ymeHblaercs
CIIOCOOHOCTh JEerpaHyJUPOBaTh U B3aUMOJIEH-
CTBOBATh C HEUTpoUIaMH, YTO HEOOXOAUMO I
passutus CIII.

3akJrouenue

AxTUBaIusa TpoMOOIIMTOB ¥ TPOMOOIIUTOTIE-
HUs OpU TeHepan3oBaHHBIX ¢opmax HUMT
SIBJISIIOTCSI OMHUMU 13 Ba)KHBIX (PaKTOPOB pa3BuU-
A CII, TOBBITAIONNX BEPOATHOCTD JIETaJIbLHOTO
ncxona. CyllieCTBEHHYIO POJIb UTPaeT IIpUYnHA U
TUN aKTUBAIIUU TPOMOOIUTOB: Tak npu HUMT,
BBI3BaHHOU nHpeKIeln K. pneumoniae, akTuBa-
IIUsI TPOMOOIINTOB HE IPUBOJIUT K TPOMOOLIATOTIE-
HUU, HO aCCOITMUPOBAHA C BLICOKOM YaCTOTOH pas-
ButuA CII. Hanporus, XpoOHUYeCKas akTUBaLUA
TpoMOOIMTOB BUpycoM renarura C 4acTo mpuBo-
OIUT K TPOMOOIIUTONEHUHU, MOBBIIIAET YACTOTY
pasBuTuA cemncuca, HO y 6ombHBIX HUMT He
nosbimaeT yacrory passurusa ClI. [Tonnmanue
poJix TpomM601ITOB B padBuTuu CIII MOKET ITOBbI-
CcUTh 3(p(PEeKTUBHOCTH JieueHNs OOTbHBIX TeHepa-
Jau3oBaHHbIMU (popmamu HUMT u npyrux Kputu-
YeCKUX COCTOSTHUH, CBSI3aHHBIX ¢ padButuem CIII.
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The correlation we found between the platelet
count and the percentage of segmented neu-
trophils in NSTI patients with thrombocytopenia is
consistent with the pathogenetic pathways de-
scribed above and suggests the coordination of
platelet and neutrophil activation/sequestration,
leading to thrombocytopenia. In the SS group (re-
gardless of thrombocytopenia), no such correlation
was found, but a significant negative correlation of
platelet count with blood procalcitonin level was
revealed, indicating that thrombocytopenia is re-
lated to the inflammation intensity. This suggests
that platelet sequestration and degranulation is one
of several pathways leading to dysregulation of vas-
cular tone in sepsis.

The data on platelet status and SS frequency
in NSTI patients with CVHC are illustrative of the
fact that platelet number reduction and activa-
tion do not always suffice for the development of
SS. These patients had severe thrombocytopenia,
increased mean platelet volume and anisocytosis
of platelets (Fig. 3, Table 2), but it did not associ-
ate with increased frequency of SS and death.
Liver is crucial for platelet production (due to
thrombopoietin synthesis) and removal of
old/damaged platelets from the bloodstream
[30]. The frequency of sepsis development in pa-
tients with liver diseases is increased [31, 32].
Thrombocytopenia in patients with CVHC could
probably be due to infection of platelets with
hepatitis C virus causing their activation and ac-
celerated clearance [33]. Apparently, platelets in
a state of persistent activation in chronic CVHC
have a decreased ability to degranulate and inter-
act with neutrophils which is essential for SS de-
velopment.

Conclusion

Platelet activation and thrombocytopenia in
generalized NSTI are important factors of septic
shock development, which increases the risk of
death. The cause and type of platelet activation
play a significant role: in NSTI caused by K. pneu-
moniae infection, platelet activation does not
lead to thrombocytopenia, but is associated with
a high frequency of SS. In contrast, persistent
platelet activation by hepatitis C virus commonly
leads to thrombocytopenia and increases the risk
of sepsis, whereas in NSTI patients it does not in-
crease the risk of SS. Understanding the role of
platelets in the development of SS may improve
the effectiveness of treatment of patients with
generalized NSTI and other critical conditions
leading to SS.
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