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Pedepar

Amnemis cnocmepieacmuvcs matigce y NOI0GUNHU NAYIEHMIB
i3 anespuUIMaAmudHUM cyoapaxuoioanbHuM KpoBoGUIUEOM
(aCAK). Husvkuii pisens cemoenobiny (Hb) acoyitoemuvcs
3 MAACUUM KATHIYHUM CMAHOM I 2ipUUM NPOSHO30M. 3HU-
orcennsi cemamoxpumy (Het) icmopuuno 3acmocosgysano-
cs 6 "Triple-H" mepanii , xoua tioeo éniue Ha ye-peo-
PpanbHy nepghy3iio 3anuuacmoscsi He 00 KiHYysl 3pO3YMIIUM.
Merta. Oyinumu pisui Hb, Hct ma cnigsionowennsi Hb/Hct
YV 36'A3KY 3 KIAIHIYHUMU XAPAKMEPUCMUKAMU, MENO00oM
JUKY8AHHSL, YCKAAOHeHHsmu ma pe3yibmamanu nicis aCAK.
Marepiau i meTonu. ¥ oocnioscenns exnoueno 492 me-
Oouuni icmopii nayienmie 3 aCAK. Habip oanux eéxnouas
oemoepaghiuni ma KaiHIYHI XAPAKMePUucmuKu, 2emamo-
JI0TUHI NOKA3HUKU, 0COONUB0CMI YepeOpalbHux aunes-
PU3M, MEMOOU NIKYB8ANHS, YCKIAAOHEHHSL Md Pe3yibmamu
JIKYBAHHA.

Pe3yabraru ii 00roBopeHHs. 36i1bwents pisuie Hb ma

Abstract

Anaemia affects nearly half of patients with aneurysmal
subarachnoid haemorrhage (aSAH). Low haemoglobin
(Hb) level is associated with more severe clinical
conditions and poorer outcomes. Reducing haematocrit
(Hct) has historically been used in Triple-H therapy,
although its effect on cerebral perfusion remains unclear.
Aim. 7o assess Hb, Hct, and the Hb/Hct ratio in association
with clinical features, treatment, complications, and
outcomes after aSAH.

Material and Methods. This study included 492 medical
records of patients with aSAH. The dataset included
demographic and clinical characteristics, haematological
parameters, cerebral aneurysm features, treatment
methods, complications, and outcomes.

Results and Discussion. Each one-unit increase in Hb
and Hct reduced the probability of pneumonia by 19.1%
(P<0.001) and 6.2% (P=0.007), and in-hospital mortality
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Hct na 00ny oounuyio 3uudicysano mogipHicms po3eun-
Ky nneemonii na 19.1% (P<0.001) ma 6.2% (P=0.007)
8I0N0GIOHO, A MAKONC JIIKAPHAHOI N1emanibHOCmi - Ha
17.1% (P=0.003) ma 6.5% (P=0.006) ¢ionosiono. ¥ sci-
Hok pieni Hb i Hct Oynu nHudicuumu, HidC y 40J06IKI8
(P<0.001 ons 060x). Buwuii pisens Hb niosuwgysas umo-
BIpHICMb NPOBEOEHHsT MIKPOXIDYP2IUHO20 NIKYBAHHS HA
13.5% (P=0.047). Buwi pisni Hb ma Hct nezanescHo ne-
peobayany 3HUMNCEHHs PUBUKY JIKAPHAHOL 1emanibHOCmi
(P=0.002 ons obox). Cnisgionowenns Hb/Hct ne oyno
nog'sazamne 3i cmayionapnoio sudicueanicmio (P=0.191).
JKoOen i3 eemamonociuHux NOKA3HUKIE Y neputy nicis-
onepayininy 000y He Ma8 CMAMUCMUYHO 3HAYYUUX
63A€MO038 S13KIi6 13 KIIHIUHUMU XAPAKMEPUCTUKAMU a00
VCKIIAOHEHHSIMUL.

BucnoBkn. Buwi pieni Hb ma Hct npu naoxo0oicenni aco-
Yir08anucs 3i 3HUICEHUM PUSUKOM PO3GUMKY NHEEMOHIL
ma AKAPHAHOL 1eMAaNbHOCMI, A MAKOXC 3 OLIULOIO UIMO-
BIPHICMIO NPOBEOCHHsL MIKPOXIDYP2IUHO20 NIKY8aAHHSA. Y
JHCIHOK cnocmepieanucs Hudcui pieni Hb ma Hct, Hidic y
yonosiris. Cnisgionoutennss Hb/Hct ne npooemoncmpy-
8A10 CMAMUCTNUYHO 3HAYYWUX ACOYIaYill.

AlpeBiaTypn

aCAK - anespusmamuunuil cyoapaxmoioaivHull Kpogo-
BUIUB,

Hb - cemoenobin,

BI]I - 6iocmpouena yepebpanvua iwiemis;
1B - yepedbpanvruil 6azocnazm;

Hct - cemamokpum;

CAK - cybapaxnoioanvHuil KpososuUIus,;
LJA - yepebpanvna anespuzma;

mWFNS - moougpixoeana wkara WFNS;
C3 - cepeone 3Hauenms,

CB - cmanoapmue i0OXunenHs.

Beryn

AHeMis € OTHUM 13 HAUTTOMTUPEHIIINX KIITHITHUX
CTaHIB cepejl Mali€HTIB 13 aHEBPU3MATUIHUM
cybapaxnoiganbHuM kpoBoBuinBoM (aCAK),
110 PO3BUBAETHCS MPHOIN3HO Y MOJOBUHHU XBO-
pux [1, 2]. Pe3ynsratu HU3KH JOCIIHKEHb CBiI-
9aTh MPO ACOIIAIII0 MK 3HIDKEHHSM PIiBHS Te-
Morno6iny (Hb) Ta TskdauM KIIIHIYHUM CTaHOM
MAIi€HTIB, TPUBAJIIIOK TOCIITaNI3aIl€r0, He-
CHPUSATIUBUMHE HACHIKAMH JIIKyBaHHS, B TOMY
YHCIII T ABUIIEHO CMEPTHICTIO [1].

[Tompu 11e, aHEMis - 11e CTaH, SKUH MOKHO
MOTEHIIHHO BIJIIKYBATH 3aBJSTKA TeMOTpaHC(y-
3ii [3]. BogHOUYAC fesiKi aBTOpH BKA3YHOTh Ha TTiJI-
BUIIICHHS YaCTOTH YCKJIATHEHb 1 TIOTIPIIICHHS Pe-
3yJBTaTIB JIKyBaHHS micis TpaHcdysii eputpo-
nuTapHoi macu [3-5].

by 17.1% (P=0.003) and 6.5% (P=0.0006), respectively.
Women had lower Hb and Hct levels than men (P<0.001
for both). Higher Hb was associated with a 13.5% greater
likelihood of microsurgical treatment (P=0.047). Higher
Hb and Hct levels independently predicted reduced in-
hospital mortality (P=0.002 for both). The Hb/Hct ratio
was not associated with in-hospital survival (P=0.191).
No haematological parameters on the first postoperative
day were associated with clinical characteristics or
complications.

Conclusion. Higher Hb and Hct levels at admission were
associated with a reduced risk of pneumonia and in-
hospital mortality, and an increased likelihood of
receiving microsurgical treatment. Female patients had
lower Hb and Hct levels than males. The Hb/Hct ratio
showed no relevant associations.

Abbreviations

aSAH - aneurysmal subarachnoid haemorrhage
Hb -haemoglobin

RBC - red blood cells

DCI - delayed cerebral ischemia
CV - cerebral vasospasm

Hct - hematocrit

SAH - subarachnoid haemorrhage
CA - cerebral aneurysm

mWFNS - modified WFNS

SD - standard deviation

[TpoBimHUM MaTo]i3ioNOTIYHUM MeXa-
HI3MOM BiJCTpoUeHOi 1epedpanbHOi imeMii
(BIII) BBaxkaeThcs nepeOpaibHUN Ba3ocmasm
(IIB) [6]. I3 meTor0 MOKpareHHs 1epedpanbHOL
nepdysii Ta 3amis npodinaktuku [[B Ta BII
MPOTATOM 0araThOX POKiB y KIIIHIYHINA MPAKTHI
3acTocoByBasacs Tak 3Bana "Triple-H" teparmis
[7, 8, 9]. Buxopucranns "Triple-H" Tepartii sik ripo-
¢imakTHYHOI Ta JiKyBaJIbHOI CTpaTerii Hapasi
3micTHIIOCS B OiK €yBOJIEMIYHOTO Mixony [3].

VY kniHiuHif npakTuni piBai Hb Ta rema-
Tokputy (Hct) HEpiaKo BUKOPHCTOBYIOTHCS SIK
B3a€MO3aMiHHI TTOKa3HUKH MPU OILIHII aHeMii.
OpientoBHe 3Ha4eHHs1 Hb MokHa po3paxyBaru
nuisixoM noniay Het Ha 3, 1o € cipomieHnM Ba-
piaaTom piBHssHHS Het=Hbx2,941 [10].

VY 3B'SI3Ky 3 MM METOIO HAIIOTO J0CIHi-
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JoKeHHs Oyno mpoananizysaty piHi Hb, Het Ta
ix cmiBBimHOMIeHHs (Hb/Hct) 3anexHo Big Kii-
HIYHUX XapaKTePUCTUK, 00PAHOTO METO.LY JIIKY-
BaHHS, PO3BUTKY YCKIIQHEHb Ta PE3YJIbTATIB JIi-
KyBaHHS y MaIieHTiB y roctpomy mnepioni aCAK.

MarepiaJ i MmeToau

Jluzaitn 0ocnioxcenns. byno npoBeneHo peTpo-
CTIEKTHUBHE OJHOIIEHTPOBE KPOC-CEKITIHE T0CTi-
JDKEHHS, y PE3YNbTaTi SKOTO MPOaHai30BaHO
492 icTopii XBOpOOH MaIi€HTIB y TOCTPOMY Tie-
pioai aCAK B nepioz 3 2000 o 2023 pik.
Kpumepii exnrouenns. J1o KputepiiB BKIIIOYEH-
Hs1 y JIOCHTIDKeHHsI Oy10 BitHeceHo: 1) cybapax-
HoigansHI KpoBoBHIUB (CAK) BHACTITOK pO3-
puBy 1iepedpansHoi aneBpu3mu (L1A), mo mizg-
tBeppkeHo KT-anriorpadieto; 2) HasiBHICTD re-
Marosoriyaux noka3Hukis (Hb ta Het) mpu Ha-
XOJDKSHHI Ta Yy TIepIITy Miclsonepaliiay 100y y
NAIi€HTIB, IKUM OYJI0 TPOBECHO reMoTpaHcdy-
3i10; 3) MiKpOXipypridae a00 KOHCEPBATUBHE JTi-
KyBaHHs; 4) Bik >18 pokiB.

Bonnouac kputepii BUKIIOYCHHS Oynn
HactynmHuMu: 1) TpaBmMarnynmii CAK abo iHmi
NPUYMHU BHYTPIITHBOYEPETTHOTO KPOBOBUIIMBY
(Hampukiaa, aprepioBeHO3HI Maibhopmarii,
KOAryJomnarii Tomo); 2) HasBHICTb B aHaMHe31
aHeMil, Tajjacemii Ta IHIIUX FeMaTOJOTTYHHUX 3a-
XBOPIOBaHb.
36ip oanux. JlocniKeHHS BKITIOYAIO HACTYITHI
naHi narfierTis: piseHs Hb, Het, criiBBigHOIICH-
Hs Hb/Hct npu HagxomkeHH] Ta y MepIry Iic-
Jsionieparniitny 100y, nemorpadiyHi gaHi (cTaTh,
BiK), TPUBAIICTh TOCHITANI3allil, CTYMiHb TSK-
KOCTI CTaHy MaIi€HTiB 32 MOU(IKOBAHOIO IITKA-
aot0 WENS (mWFENS), meton nikyBaHHS (MiK-
poxipypriunuii a00 KOHCEpBaTUBHHIA), IHTEpBaT
gacy Mix po3puBoM LIA Ta onmeparuBHIM BTpY-
YaHHSM, PE3YJIBTaT JiKyBaHHS (Ti, IO BIKUIN
ta nmomep:i). Po3mip LA, mo posipBanacsk, 0yio
BCTaHOBJIEHO 3a nonoMoroo KT-anriorpadii.
[Ipu HasBHOCTI MHOXUHHUX L[A BpaxoByBaiu
po3mip LA, o posipBanack. 3a fonomororo KT
OyJ10 BHSIBIIEHO PO3TMOBCIOKEHICTh KPOBOBHIIH-
By: i3onboBanuit CAK, CAK 3 BeHTpHUKYIsIpHUM
kpoBoBIWIIMBOM, CAK 3 mapeHxiMaTo3HHM KpO-
BoBIWINBOM, CAK BogHOUAC 3 BEHTPUKYIISIPHUM

Ta MapeHXiMaTO3HUM KpOBOBHJIMBaMHU. BHyT-
pIIIHBOYEPETHI YCKIIAHEHHS BKIFOUaIIHN eIijTy-
paipHy ab0 cyomypansHy reMatomy, LB Ta riz-
ponedanito. Cepen iHIIUX YCKIaAHEHb OYyI10
MIPOAHATI30BaHO PO3BHUTOK iH(EKIIH (TTHEBMO-
Hil, ypoiH(]eKIIii, MEHIHTITY) Ta CTaHiB, IO IO-
TpeOyBaJIn TPAaXxeoCTOMIi.
Cmamucmuyunuii ananiz. CTaTUCTUYHUN aHa-
i3 OyJ10 IPOBEICHO 32 IOTIOMOT0I0 3aCTOCYHKY
Jamovi, Bepcis 2.3.28.0. OnrcoBi 1aHi HaBeIEHO
y BUIJISA/II aOCOIOTHUX YUCENT Ta 4acToT. Takox
JUTSI KOYKHOI OTTMCOBOT 3MIHHOT OYyJI0 pO3paxoBaHa
cepenue 3HaueHHs (C3) Ta cTaHIapTHE BiTXH-
nennst (CB) Hb, Hct, ciBBiqHomenHs Hb/Hct.
HopmainbHicTs po3noainy Oe3nepepBHUX 3MiH-
HUX OILIHIOBAIIM 3a JOMOMOTroro kpurepiro 11la-
nipo-Yinka. Pizauiro 6e3nepepBHUX 3MIHHIX MK
JIBOMA HE3aJISKHUMH TpyTa i3 HOpMaJIbHUM PO3-
MIOJIIJIOM JIaHUX OIIHIOBAJIM 3a JOMOMOTOIO t-
kputepist CThIOZIEHTA, @ MK TpboMa 1 OiIbIIe He-
3aJIKHUMU TpynaMu - 3a gonomororo ANOVA.
JU7st 3SMIHHMX 3 HEHOPMaJIbHUM PO3IOJIIOM 3a-
CTOCOBYBAJIM KpuTepiii ManHa- YiTHi (y BUNIaaKy
TIOPIBHSHHS MIXK IBOMA HE3ICKHUMHU TPYTIaMH)
ta Tect Kpyckana-Yomrica (y BUnajaky mopis-
HSHHS MDDK TphOMa Ta OLIbIe He3aJeKHUMHU
rpynamu). Koegimient panrosoi kopessii Crip-
MeHa BUKOPHCTOBYBAJIH JIJIS OIIHKY CHJIM Ta Hall-
PSAMKY MOHOTOHHHX 3aJIeKHOCTEH Mik Oe3re-
pepBHUME 3MiHHUMH. Leii HemapameTpuuHMiA
KpuTepiii Oys0 06paHo Yepe3 HeHOPMAaTbHHNA PO3-
nonin ganux. CTaTUCTUYHO 3HAYYII pe3yIbTaTh
JIOJIATKOBO MPOAHATI30BaHO 32 JOMOMOTO0 Oi-
HOMIaJIbHOI T2 OPAMHAIBHOT JIOTICTUYHOI perpecii.
Jns ouinku BrumBy piBHiB Hb, Het Ta
criBBinHomeHHs Hb/Hct Ha cranionapHy BHXH-
BaHICTh Oyno MoOy10BaHO KPUBY BH)KWBAHOCTI
3a Kamtanom-MeiepoM, a TakoK BUKOHAHO aHa-
Ji3 32 TOTIOMOT'0F0 MOZIETIi POTIOPLIHHUX PU3H-
kiB Kokca. OOuBa THIH aHAIi3y MPOBOAUIUCH
y nporpamHomy 3abe3nedeHHi JASP, Bepcis
0.19.2. Ilpu p-3nauenni<0.05 pesynbratu BBa-
KaJld CTATUCTUYHO 3HAYYIIMMU. [3 MeToro Bi-
3yaui3ariii 1aHux OJIoK-cxema Oysia CTBOpeHa 3a
nomomororo Napkin Al
Emuune cxeanenns. J10CiHKeHHS TIPOBOINIO-
cs BIINOBITHO 10 ['ebCiHKCHKOT AeKImapartii Ta
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OyJ10 cXBaJICHE JIOKATbHUM ETHYHUM KOMITETOM
ycranoBH (Ne7 3acimanns Kowmicii 3 mutans 0io-
etk OJEeChKOTO HAI[IOHATBHOTO MEIMYHOTO
yHiBepcutety Big 30.09.2019p.). 36ip iH-
(dbopMOBaHOi 3roau OyJI0 CKACOBAHO PILICHHIM
JIOKaJIbHOTO €THYHOTO KOMITETY 4epe3 peTpo-
CTIEKTUBHHI XapaKTep J0CIiHKESHHS.

Pe3yabraru

3a paxyHOK TOT0, 110 66 MAIiEATIB 3 IHIMIATEHIX
492 Gyno mepeBeneHo Ml MOJAIBIIOT0 €HJI0-
BaCKYJISIPHOTO JIIKYBaHHs, OyJI0 TpOaHaIi30BaHO
icropii xBopobu 426 marmientiB 3 aCAK. Ilpu
bOMY, pesyasratu piBHs Hb Oyno 3a3naueHo y
399 namieHTiB, 3 akux y 208 MaIi€HTIB TaKOX
ie Oyro Bijomo piBens Hct (Puc. 1).

C3+CB pisuiB Hb, Hct Tta cmiBBigHO-
mennss Hb/Het nmpu HagxomkeHH1 1uist 6a30BUX
XapaKTepUCTHK rpeacTasieni y Taom. 1.

CTaTHCTUYHO 3HAYYIII TOKa3HUKH, TaKi
SIK CTaTh, CTYIiHb TSDKKOCTI CTaHy MAIliEHTIB 32
mWFNS, metos 1iKyBaHHSI, HassBHICTb ITHEBMO-
Hil, @ TAKOXK PE3yJbTaT JIKyBaHHs, OyJI0 BKIIO-
YEHO JI0 MoiaibIinoro anamizy (Tabm. 2). 3a mo-
TIOMOT'0F0 O1HOMiaJIbHOT JTOTICTUYHOI perpecii Mu
BUSIBHIIH, 1110 KOKHE ITiIBUIIICHHS piBHIB Hb Ta

426

492

icTopii xeopo6

IHiuianbHi icTopil 66 nailieHTie 6yno

XBopos nepeesefeHo onAa
nofanbLLIoro
3aranbHa KinbKictb €H/[I0BacKynApHoOro
icTopiii xBOpo6 NiKyBaHHA

/ MpoawxanizoBaHi \ -

Hct Ha oiHY OTMHUITIO ACOTIIFOBAIOCS 31 3HIKEH-
HSIM IMOBIPHOCTI PO3BUTKY ITHEBMOHI1 Ha 19.1%
Ta 6.2% BignosiaHo. [TogiOHUM YMHOM, MiABH-
nierHs piBHiB Hb 1 Het Ha oy oquHMIIO aco-
IIIOBAJIOCS 31 3HWKEHHSM PHU3UKY JIIKApHSIHOI
nerasnpHOCTI Ha 17.1% Ta 6.5% BianosigHo. Ok-
pim Toro, y xiHok piBHi Hb i Het mpu rocmita-
Ti3amii OyM HIPKYMMH, HIK y YOJTOBIKIB. Bumuii
piBens Hb npu HanxomkeHHi OyB He3aleKHO
acoliifoBaHUH 13 OLIBIIOI WMOBIPHICTIO TIPO-
BEJICHHS MIKpOXipypridHOro JIiKyBaHHs. KoxkHe
nigumeHas piHg Hb va 1 r/am 30inbmryBano
HMOBIPHICTH MIKPOXipypri4HOTO JIIKyBaHHS Ha
13.5%. 1515t mociipKeHHs 3B'13Ky MiXK CTYTICHEM
TsokKkocTi 33 mMWENS Ta criiBBigHOmEeHHsIM Hb/
Hct Oymo BUKOpHCTaHO OPIMHAIBHY JIOTiCTHYHY
perpecito. Xoua Tect Kpyckana-Yosutica BKkazy-
BaB Ha CTATUCTUYHO 3HAYYIILY PI3HHIIIO MIXK IPY-
MaMu, perpeciiHuil aHamxi3 He MATBEPAUB i€l
acoriarii. Taka HEeBIAMOBITHICTh, HMOBIPHO, TIO-
B's3aHA 3 HEMHIMHUM XapaKTepoM 3B's3Ky abo
BapiaTMBHUM BIUTUBOM cIiiBBiHOmeHHss Hb/Hct
Ha OKPEeMi MePeXo Iy MiXkK CTYNCHIMH TSHKKOCTI
3a mWFEFNS.

AHaJti3 BUKUBAHOCTI 3 BUKOPUCTAHHIM
Mozeni mponopiiiitaux pusukiB Kokca mpose-

399

208

PiBeHb
reMaToKpuTty
PieeHb MavieHTy 3
remorno6i1-|y 3a10KYMEHTOBaHUMM
PiBHAMMW remMaToKpuTy
MauieHTH 3
3aA0KYMEHTOBaHUMM

piBHAMM reMorno6iHy

Puc. 1

bnok-cxema exniovenns nayienmis ma 00cnmynHocmi OaHux
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Tabnuys 1
basosi xapakmepucmuku ons pienie Hb, Hct, cnigsionowennss Hb/Hct npu naoxoocenHi
XapaxrepacTi Hb (r/um) Hct (%) CnisiHomennst Hb/Het
n (%) C3:CB p n (%) C3:CB p n (%) C3+CB p

Crars <0.001° <0.001° 0.554"
JKinku 218 (54.6) 13.3+1.98 109 (52.4) 39.8+7.06 109 (52.4) 0.336=0.0247
Yosiosiku 181 (45.4) 14.4+1.59 99 (47.6) 42.9+5.47 99(47.6) 0.339£0.0196
Bik 399 13.8x1.89 | 0.771" | 208 41.3+6.52 | 0.826° | 208 0.33820.0224 | 0.877°
Bujt KpoBO BWIMBY 0.262° 0.268° 0.946°
I3osmoarmit CAK 161 (40.4) 14.0+1.92 66(31.7) 42.1+6.47 66(31.7) 0.339£0.0221
CAK-+Bentp. 109 (27.3) 13.6+1.87 69(33.2) 41.546.8 69(33.2) 0.33540.0264
CAK-+mapenx. 70(17.5) 13.6+1.94 32(15.4) 39.3+6.33 32(15.4) 0.338+0.0186
CAK-+BEHTD. +TIpeHX. 59(14.8) 14.0+1.79 41(19.7) 41.3+6.09 41(19.7) 0.339£0.0178 |
mWENS npn Hagx opKenHi 0.233° 0.097¢ 0.038°
I 174 (43.6) 13.9+1.85 76(36.5) 42.2+5.89 76(36.5) 0.33420.0206
1 73(18.3) 13.7£1.86 34(16.3) 40.8+6.25 34(16.3) 0.340£0.0175
I 71(17.8) 13.8+1.77 35(16.8) 39.8+7.08 35(16.8) 0.34520.0328
v 63(15.8) 14.1£2.06 45(21.7) 42.4+6.84 45(21.7) 0.33420.0199
v 18(4.5) 13.0+2.33 18(8.7) 38.2+6.78 18(8.7) 0.341£0.0161
Mer o7 JiiKy BaHHSI 0.046" 0.217¢ 0.623°
Mikpoxipyprid it 310 (77.7) 13.9+1.83 152 (73.1) 41.6x6.36 152 (73.1) 0.338+0.0233
Kowcepsampauit 89(22.3) 13.5+2.1 56(26.9) 40.3+6.99 56(26.9) 0.338+0.0203
Po3wmip I1A, 1o posipeaiack 399 13.8:1.89 | 0.114° | 208 41.3+6.52 | 0477° | 208 0.33820.0224 | 0.694°
Turepsasn uacy misk pospusom A | 399 13.8:1.89 | 0.554° | 208 41.3+6.52 | 0.062° | 208 0.338+0.0224 | 0.885
Ta ONEPATHBHUM BIPYYaHHAM
Hasisnicts 1B 0.672" 0.639° 0433
HastBHumit 198 (49.6) 13.9+1.85 108 (51.9) 41.1£6.51 108 (51.9) 0.337£0.0206
Biscymiit 201 (50.4) 13.8+1.94 100 (48.1) 41.5+6.56 100 (48.1) 0.33920.0243
HasBHicTs rigponedaii 0.542° 0.637° 0.42°
Hasigra 63(15.8) 14.0+1.77 36(17.3) 41.7+5.76 36(17.3) 0.339£0.0185
Bincymmst 336(84.2) 13.8+1.92 172 (82.7) 41.2+6.68 172 (82.7) 0.337£0.0232
HasiBHicTh enigypaibHoi 260 0.184° 0.861¢ 0485
CYOIy paJibHOI reMATO MH
Hasiera 34(8.5) 13.5+1.98 16(7.7) 41.0+6.18 16(7.7) 0.338+0.0239
Bincymmst 365 (91.5) 13.9+1.89 192 (92.3) 41.3+6.57 192 (92.3) 0.338+0.0224
HasiBHiCTL THEBMOHIT <0.0017 0.0057 0.622°
Hasiera 103 (25.8) 13.3+1.94 69(33.2) 39.5+6.66 69(33.2) 0.338=0.0267
Bincymmst 296 (74.2) 14.0+1.84 139 (66.8) 42.146.29 139 (66.8) 0.337£0.0201
HasiBHicTh ypoindeicii 0.852° 0.1167 0.222°
Hasiera 20(5.0) 13.8+2.28 11(5.3) 44.3+7.86 11(5.3) 0.32220.0415
Bincymmst 379 (95.0) 13.8+1.88 197 (94.7) 41.1+6.42 197 (94.7) 0.338+0.0207
HasiBHICT MeHiHTiTY 0.731° 0.5407 0.982°
HasiBrmit 22(5.5) 14.0+2.01 9 (43) 40.0+6.19 9(4.3) 0.340£0.0167
Bincymiit 377 (94.5) 13.8+1.89 199 (95.7) 41.3+6.55 199 (95.7) 0.33720.0227
Cranm, o noTpedysa 0.106" 0.2987 0.06
TpaxeocTomii
Hasii 70(17.5) 13.5+1.89 53(25.5) 40.5+7.1 53(25.5) 0.341£0.0309
Bincymi 329 (82.5) 13.9+1.89 155 (74.5) 41.5+6.32 155 (74.5) 0.33720.0187
Pe3ysibTar JikyBaHH St 0.003¢ 0.005¢ 0.329°
i, 1110 BHKHIH 307 (76.9) 14.0+1.87 145 (69.7) 42.146.6 145 (69.7) 0.336=0.0224
Tovepri 92(23.1) 13.3+1.9 63(30.3) 39.3+5.95 63(30.3) 0.340£0.0225

C3 - cepeone snauenns; CB - cmanoapmue gioxunenns; “ - mecm Manna-Yimui; b - koegiyicnm xopensyii Cnipmena,
- mecm Kpyckana-Yonnica, ¢ - t-mecm Cmoiooenma, ¢ - ANOVA

MOHCTpyBaB, 10 piBHI Hb Ta Hct npu Hagxo- (akTopaMu pe3yabTaTy JIIKyBaHHS y NAIlEHTIB
JUKEHHI OyJIM HE3aJIEXHUMH IPOTHOCTUYHUMU 3 aCAK. IlinBuienns pisusa Hb npu rocniraini-
Tabnuys 2
Pesynomamu nocicmuunoi peepecii ons pisnie Hb, Hct, cnigsionowenns Hb/Hct npu naoxoooicenHi
XapaxTepacraxm Hb (r/na) Hct (%) Cuiseignomennss Hb/Het
Bl 95 % I p Bl 95% M1 p BII | 95% I p
mWFNS 107 | -5.75-15.5 | 0.386

; g
Meto tikysariiia | 1135 | 1.002-1.29 | 0.047
(reference: KOHCEpBAaTUBHUH )

Crars © (reference: wonosixu) | 0.706 | 0.625-0.797 | <0.001 | 0.925 | 0.884-0.969 [ <0.001

- 2
HasbHiCTh MHEBM O 0.809 | 0.716:0.914 | <0.001 | 0.938 | 0.895-0.982 | 0.007
(reference: BiICyTHS)
Pesynbrar stikyBaHHS
(reference: Ti, 10 BYDKHIIN )

g

0.829 | 0.732-0.939 | 0.003 | 0.935 | 0.892-0.981 | 0.006

/- opounanvna nocicmuuna pezpecis, € - OIHOMIANbHA TOICIMUYHA pe2pecis
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3alii acoIiIoBANIOCs 31 3HWKEHHSIM PU3UKY Ji-
KapHsSHOT JetaiabHOCTI Ha 15.9% (HR=0.841;
95% J1I: 0.756-0.936; P=0.002), To/i K KOXKHE
iBUIICHHS piBHS HCt Ha O/IHY ONMHUITIO 3HU-
KyBano pusuk Ha 5.8% (HR=0.942; 95% JI:
0.908-0.979; P=0.002) (Puc. 2, 3). 3a pe3ynbra-
tamu Mojeni Kokca 3 oOMexeHuMu KyOi9HUMU
cIUTaiiHaMu, BUSBJIEHO HEIHIMHUHN 3B'SI30K MK
piBHEM T€MaTOKpPUTY MPH HAIXO/HKEHHI Ta pH-
3ukoM cMepTi y maitieHTiB 3 aCAK. HaliBumuit
pu3HK cMepTi crioctepirascs mpu Het<30%, Toai
sk piBeHb 30-33% acorriroBaBcst 3 MiHIMAJIBHUM
pmsukom. [Tpu piBHi 35-45% crniocrepiranocs mo-
MipHe MiIBUIIEHHS pU3UKy cMepTi. CriBBiIHO-
menHst Hb/Hct mpu HagxomkeHHi He Majio cTa-
TUCTUYHO 3HAYYIIOTO BIUTUBY HA CTAIllOHApHY
BkuBaHicTh narienTiB 3 aCAK (HR=1421.531;
95% 11:0.031-6.597x107; P=0.191). Bucoxka Ba-
piaOenbHICTh Ii€i OMIHKKM CBITYUTH TPO 11 00-
Me)XeHY HaJlHHICTh 1 YCKIIaHIOE KIIHIUHY 1H-
TEpIIpeTalito MoKa3HUKa CIiBBigHOIEeHHs Hb/

Hct y 1bOMy KOHTEKCTi.

Mu TakoxX MpOBENU JIETATBbHUN aHali3
JMaHuX 14 MaiieHTiB, SKUM TPOBOIMINA TPaHC-
¢y3ito eputpouuTapaoi Macu. TpaHncdysis eput-
POLIUTAPHOI MACH 3AIMCHIOBAIIH TTICIISI MIKPOXi-
PYpPTi4HOTO KIIIyBaHHS aHEBPU3MH Yy 3B'S3KY 3
KPOBOBTPATOIO0 BHACHTIIOK 1HTPaOIepaiiHOro
po3puBy. C3+CB Hb, Hct Ta criBBiTHOIICHHS
Hb/Hct nst 6a30BUX XapaKTepUCTUK y TIEPIINN
micisionepaniiHuil 1eHs HaBeeHo y Taom. 3.

Konen 3 aHaTi30BaHUX Te€MATONOTTYHUX
nokasuukis (Hb, Hct, ciBBigHOmenns Hb/Hct),
BUMIPSHUX Y TIEPIINH MTiCTSIONepalifHuii IeHb 10
TpaHcdy3ii epuUTPOLIUTAPHOT MacH, HE MaB CTATHC-
THYHO 3HAYYIIOTO 3B'SI3KY 3 KIIIHIYHUMH XapaKTe-
puctukamu abo yckmagHeHHsmu micns aCAK.
Bomnowac 3miHHI "iHTEpBaI Yacy MK PO3PUBOM
LIA Ta omepatuBHHM BTpy4aHHsM" 1 "pe3ynbrar
JiKyBaHHA'"y CTOBIII 31 ciiBBiHOMEeHHsIM Hb/Hct
HAOVDKAIIMCSI 10 IOPOTY CTAaTHCTUYHOT 3HAYYIIIOC-
1i (P=0.051 ta P=0.056, BinmoBimHO).

100% A

75% 1

50% A

MMOBIpHICTb BVXXUNBaHHSA

25% 1

0%

0 25 50
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Mo 0 82 90

75 100 125 150
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Kpusa suocusanocmi Kannana-Metiepa 3anedxicno 6i0 mpusanocmi 2ocnimanizayii,
6i0n06i0HO 00 pieHs Hb npu HaoxooxcenHi
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Kpusa suocusanocmi Kannana-Metiepa 3anedxicno 8i0 mpusaniocmi 2ocnimanizayii,
8I0N06i0HO 00 pisHs Hct npu HaoxodxcenHi
Oo0roBopeHHs KyBaBCsI KOHCEPBAaTHBHO, 1 115 BIIMIHHICTH OyIa

OTpuMaHi HaMH PE3yJIBTaTH CB1TYaTh, 110 BUIIT
piBai Hb ta Het npu rocmitanizanii acoritoBa-
JMCS 31 3HIKEHUM PH3HKOM JIIKApHSHOT JIeTalb-
HocTi y narienTiB 3 aCAK. Ile y3romkyerbes 3
JTAHUMH PETPOCTIEKTUBHOTO J0CHiKeHHs Said
et al, y sskomy OyJ10 BCTAaHOBJIEHO, IO PO3BUTOK
anemii Brponosxk 14 muiB micist aCAK mijBu-
IIyBaB PH3HK JIIKapHIHOI JIeTaJbHOCTI. BaxmiBo
T IKPECITUTH, IO Y 11 JOCIIHKEHHS BKITIOYITUCS
MAIIEHTH, TOCIITATI30BaH1 MPOTSTOM 48 TOIMH BiJT
MOMEHTY KPOBOBHJIMBY Ta IIPOOTIEPOBAHI B ITEpIIIi
24 ronuau et HaxomkeHHs [ 1]. Bapro nonarw,
mo B cucteMHoMy orsiai Said et al, ne Oymno
BUSIBJICHO B3a€MO3B’ 513Ky MK aHEMI€l0 MpHU
HAJTXO/DKCHHI Ta JIKApHSIHOI JIETATBHICTIO [5].

Y Hamomy J0CIHiPKEHH] TaKoX MPOCTe-
’KYBaBCS 3B'SI30K MK TeMaTOJIOTTYHIMH TOKa3-
HUKAaMH Ta METO/IOM JIIKYBaHHSI: TAIlIEHTH, SKUM
OyJ10 MPOBEJCHO MIKPOXipypriuHe JiKyBaHHS,
Mauy BHII piBHI Hb mopiBHSAHO 3 THMH, XTO JTi-

CTaTUCTHYHO 3HauymIor. Ha Hamy mymKky, me
MOX€ CBIIYHTH SIK PO pETENbHIIMNHI BiAOIp ma-
IIIEATIB 3 OLIBII CTA0UTEHUMY I'eMaTOJIOTIYHUMHU
MOKa3HUKAMH JUTSI MIKPOXipYPTi4HOTO JIiIKyBaH-
Hs1, TaK 1 IO MOTEHIIWHUHN 3B'I130K aHEeMii 3 BiJI-
MOBOIO BiJI MIKpOXipYpTi4HOTO JIKyBaHHS Yepe3
3araJibHUH TSHKKUH CTaH MaIlieHTiB.

Sk Oyno Bxe 3a3HaueHo, "Triple-H" Te-
paris (iHAyKOBaHi rinepBoiIeMis, TiepTeH3is Ta
TeMOJIMJIIONiS1) BUKOPHCTOBYBAIIM Y JIIKYBaHHI
aCAK. I'eMomutrOIIis PU3BOMIIA IO 3HIKEHHS
piBus Hct. Baxkmuso, mo Het € Henpsimum 1o-
Ka3HHKOM KMCHEBOT EMHOCTI KpOBi, Tofi sik Hb -
npsimuM [ 7, 8]. Okpim Toro, Hb MeHm ayTiuBmii
10 3MiH 00'eMy 11a3mu mopiBHsHO 3 Het [11].
Jlesiki aBTOpY NPUITYCKAIOTh, 1110 3HWKEHHS PiB-
Hs Hct Moxe mokpamury nepedpaibHuil Kpo-
BOTIK [8], TO/II SIK 1HIITI CTABIIATH 1€ i CYMHIB
[7]. Takox, HaBiTh SIKIIO HIKYWN piBeHb Hct
CTpaB/Ii MOKpaIIye nepedpaabHIii KPOBOTIK, BIH
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Tabnuys 3

basosi xapakmepucmuku ons pienie Hb, Hct, cnigsionowennss Hb/Hct neped eemompancgysicio

XapakTtepucTuiu Hb (r/pa) Hct (%) CriBBinnomennss Hb/Hct
n C3+CB p n C3+CB p n C3+CB p

Crarb 0.127° 0.143° 0.991°
JKinku 10 | 8.21+1.83 10 | 24.4+45.64 10 | 0.338+0.0170
YounoBiku 4 | 6.65£0.526 4 | 19.842.22 4 | 0.338+0.0207
Bik 14 [ 7.76+1.71 [ 0.182° | 14 | 23.1£5.28 | 0.372° | 14 | 0.338+0.0173 | 0.291°
Buji KpOBOBHJIMBY 0.589° 0.476° 0.523°
I3ospoBaHnii CAK 4 | 8.4+1.51 4 | 24.345.19 4 | 0.34940.0151
CAK+BeHTp. 7 | 7.49+2.01 7 | 22.646.19 7 | 0.33340.0163
CAK+napeHnx. 1 9.3+NaN 1 28.0+NaN 1 0.332+NaN
CAK-+BeHTp.+mapesx. 2 | 6.740.141 2 | 20.0£1.41 2 | 0.336+0.0308 |
mWFNS nipu HaTXo1sKeH Hi 0.402°¢ 0.451°¢ 0.907°¢
I 5 | 6.78+1.86 5 | 20.0+5.96 5 | 0.342+40.0201
11 4 | 7.97£1.91 4 | 23.845.25 4 | 0.33540.02
111 1 | 9.44NaN 1 | 28.0#NaN 1 | 0.336tNaN
v 4 | 8.38t1.16 4 | 25.044.08 4 | 0.337+0.0177
\% 0 | NaN 0 | NaN 0 | NaN
Po3mip IIA, mo posipBajack 14 | 776171 | 0.919° | 14 | 23.1+5.28 | 0.76° | 14 | 0.338+0.0173 | 0.554°
InTepBa yacy Mix pospusom LA 14 [ 7.76£171 | 0.546° | 14 | 23.14£5.28 | 0.602° | 14 | 0.338+0.0173 | 0.051°
TA OMle PATUBHUM BTPYYaHHAM
HasiBuicts 1B 0.5954 0.5244 0.644
Hassuuit 9 [7.9+1.88 9 123.845.87 9 10.33640.0155
Bincyruiit 5 | 7.42+£1.47 5 | 21.844.32 5 | 0.341+0.0218
HasiBHicTsb_rifpouedasii 0.447° 0.542° 0.708°
HasBHa 3 | 7.07+£3.09 3 213495 3 | 0.334+0.0244
Bincyrust 11 | 7.95¢1.3 11 | 23.544.13 11 | 0.339+0.0163
HasBHicTs eninypansHoi 0.405¢ 0.463¢ 0.875¢
a00 cy01ypajibHOT reMaToMU
HasBHa 1 | 7.65+tNaN 1 | 27.04NaN 1 | 0.341+NaN
Bincyrust 13 | 9.2+1.73 13 | 22.845.37 13 | 0.338+0.0180
HasiBHicTh niHE BMOHii 0.925 0.891 0.166"
HasBHa 6 | 7.82+2.21 6 | 22.847.03 6 | 0.345+0.0186
Bincyrust 8 | 7.73+1.39 8 | 23.3+4.06 8 | 0.33240.0149
HasiBHicTb ypoiH e karii 0.803¢ 0.586¢ 0.185¢
HasisHa 1 8.24NaN 1 | 26.04NaN 1 | 0.315+NaN
Bincyrust 13 | 7.73£1.77 13 | 22.845.43 13 | 0.34+0.0167
HasiBHiCTH MeHIHTITY NaN NaN NaN
HasBHuit NaN 0 | NaN 0 | NaN
Bincyruiit 14 | 7.76x1.71 14 | 23.1+5.28 14 | 0.338+0.0173
Cranu, mo noTpedyBaau Tpaxeocromii 0.499¢ 0.505¢ 0.916¢
HassHi 5 | 8.241.66 5 124445.27 5 10.33740.0152
Bincyrui 9 | 7.52£1.78 9 | 22.345.45 9 | 0.338+0.0192 ]
Pe3yabTaT JIiky BaHHS 0.988¢ 0.738¢ 0.056"
Ti, W0 BIOKHIM 7 | 7.76+£1.26 7 | 23.643.69 7 | 0.32940.0171
ITomepi 7 | 7.77£2.17 7 | 22.646.8 7 | 0.347+0.0133

C3 - cepeone snauenns; CB - cmanoapmue eioxunenns; “ - mecm Manna-Yimui,; * - koegpiyienm xopenayii Cnipmena;
¢ - mecm Kpyckana-Yonnica; ¢ - t-mecm Cmoiodenma

BOJIHOYAC MO’KE€ 3MEHIIYBAaTH BMICT KHCHIO B
KpOBI, TOTEHLIHHO 0OMEKYIOUHN J0CTaBKYy KHC-
HIO JI0 TOJIOBHOTO MO3KYy. [linTpumanHs ajgexBar-
HOI LiepedpanbHOl nepdy3ii € KIoUoBUM (ak-
TOPOM Y Ipo¢uIaKTUL IIepeOpanbHOi meMii [8].
V Hamomy JociipKeHH1 He Oyi10 BUSIBIEHO 3B's-
3ky Mk piBHsMH Hb a6o Hct 1 po3Butkom LIB.
Pesynpratu paHnomizoBaHMX KOHTPOJIbOBAHHUX
JOoCTipKeHb nokazanu, uo "Triple-H" tepanis
MIJBUILYE PU3HUK YCKJIAJIHEHb, HE 3HUKYIOUU
yactoTy BUHUKHEHHs BIII. Tomy BoHa BTparuia
KJIIHIYHY aKTyaJIbHICTb y Cy4acHiH mpakTui [3].

[I{o crocyerbest cniBBinHomeHHss Hb/Het
MIPU HAJIXO/KEHHI, HAIlIe TOCTIKEHHSI HE BUSIBU-
JI0 IOr0 CTAaTUCTMYHO 3HAYyIIOTO 3B'SI3KY 3 JKOJ-
HUM 13 TIPOaHaII30BaHUX KJIIHIYHUX [TapaMeTpiB.
AHasoriyHa TeH/IEHIIs CrocTepiraiach 1 JUis re-
MAaTOJIOTIYHUX MOKa3HUKIB, BU3HAUYEHUX IEpe]
IIPOBE/IEHHSIM reMoTpaHc(y3ii B epILy MICIsome-
pauiiiHy 100y: sxoneH 3 Hux (Hb, Hct, cniBBigHO-
menHst Hb/Hct) He npoaeMoHCTpyBaB craTucTiy-
HO JIOCTOBIPHOTO 3B'SI3KY 3 KJIITHIYHUMH XapakKTe-
pucTHKaMu Ta yckiagHeHHsamH micis aCAK.

He3sBaxaroun Ha (pi3100T14HE TIAIPYHTS
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II0J10 KOPHUCTI TpaHCy3ii epUTPOIIUTAPHOT MacH
JUTSL TOKPAIIEHHS JOCTaBKU KUCHIO JI0 TOJIOBHO-
T'O MO3KY, KJIHIYHI TOCIIHKEHHSI IEMOHCTPYIOTh
cynepewnuBi pesynsrati [2]. Tpancdysis eput-
POIMTAPHOI MAaCH TOB'SI3YIOTh 13 IiBUIICHAM
pu3uKoM po3BUTKY LB, iHdekuiil y ginsHmi xi-
PYPTIYHOTO BTPYYaHHs, CEPLEBO-CYIUHHHUX Ta
JMXAJIBHUX YCKIIAJIHEHb, TPUBAJIIIIOTO Mepedy-
BaHHS B CTaIioHapi Ta BuIoi 30-1eHH01 cMepT-
HOCTi. BogHOUAC, 11i pU3UKHA MOXKYTh TOETHY-
BaTHUCS 31 3HAYHOIO KOPHUCTIO - 3MEHIIEHHSIM
HMOBIpHOCTI 1IepeOpaIbHOi imeMii Ta TSHKKOT
aHeMii, o poOuTh TpaHc(ys3ito BUIIPABIAHOIO
B OKpeMux Bunajakax [12]. OcHoBHUMEU OoOMe-
KEHHSIMH PI3HUX JJOCIIJKEHb, TPUCBSTYCHHX T'e-
MoOTpaHC(y3ii epUTPOIUTAPHOT MaCH, € iX peT-
POCHEKTUBHHMI XapaKTep, 3HauyHa Bapiadeb-
HICTh y BU3HAUEHHI J1a0OpaTOPHUX MOKA31B IS
reMoTpaHcdy3ii Ta MOTESHIIHHUN BIUIUB TSKKOC-
Ti 3aXBOPIOBAHHS K JOJaTKOBOTO YMHHUKA.
Oxpim TOrO0, OIIBIIICT AOCTIKEHb HE BPaXo-
BYIOTh Yac MPOBEACHHS reMoTpaHcdy3ii (110, Tz
gac abo micns po3utky BIII), mo ycknamnHtoe
OLIHKY 11 BIUIMBY Ha KJiHIUHI pe3ynsraru. [lompu
e, cucremarnunuii orsin 2021 poky milImoB
BHCHOBKY, 1110 3arajibHa KOPUCTb BiJl T€MOTpaHC-
(y3ii, iMOBIpHO, TIepeBaka€ MOTEHITIIHI PU3UKU
[2]. Cepen npoanani3oBaHUX HAMU YHHHUKIB HE
OyJ10 BHSIBIIEHO KPHTEpIiB, MO BIUTUBAIHM O Ha
pIIIEHHS MI0/I0 MPOBEJCHHS reMOTpaHcy3ii.
[TomanpIr TOCTIKEHHS] MOXYTh OyTH KOPHC-
HUMH 33 YMOBH BpaxyBaHHS JTOAATKOBUX (hak-
TOPIB, TAKUX K CYIYTHI 3aXBOPIOBAHHS, IHAEKC
MacH TiJla, pelNiriiHi nepeKoOHaHHs TOIIO.

I3 ormsimy Ha e, MU IPUITYCKAEMO, IO
BiJICYTHICTh CTAaTUCTHYHOI 3HAUYIIIOCT1 Y HAIIIO-
MY JOCIIPKeHHI MOXKe OyTH 3yMOBJIIEHa 0OMe-
KEHUM PO3MipOM BHOIPKH, 110 MiAKPECIIOE He-
00X1HICTH, HOAAJBIINX MAaCIITA0OHUX JTOCIHI-
JDKEHB Y IIbOMY HaIpsIMKY.

Oomedxrncenns. OTHONCHTPOBHIA TU3aWH JTOCITi-
JDKEHHS Ta pO3Mip BUOIPKH MOXKYTh OOMEXHUTH
PENPE3eHTATUBHICTH 1 MOXKITUBICTH y3arajbHEH-
Hs pe3ynbTaTiB. Y 3B7513Ky 3 BiICYTHICTIO JAHUX,
piBenb Hb OyB HeBigomuii y 27 martieHTiB, a piBHi
Hct ta cniBigHomenus Hb/Hct - y 218 narien-
TiB. Takox cepe]| MaIieHTiB, SKUM OyJI0 ITPOBe-

JIEHO TeMOTpaHC(y3if0, YHCEIbHICTh BUOIPKU
Oysna 0OMEXEHO10, 1110 3HUKYE CTATUCTUYHY T10-
TYXHICTB 1 MO)K€ IPUXOBYBATH IMIOTEHIIIITHO 3HA-
Yyl acoiaiii.

Bucnosok

Bumii piBai Hb ta Het npu HanxomkenHi Oynu
JIOCTOBIPHO TOB’sI3aHI 31 3HWKEHUM PU3UKOM
PO3BUTKY ITHEBMOHI{ Ta JTIIKAPHSHOI JIETAILHOCTI
cepen mauienTis 3 aCAK. Bognouac, Buii piBHi
Hb nipu HaX0mKeHHI aCOIIFOBAIICE i3 OLTBIIIO0
HMOBIpHICTIO TIPOBEIEHHS MIKpPOXIpypriuHOTO
JiKyBaHHS. Y KIHOK CIIOCTEpiraiy HUXK4i piBHI
Hb ta Hct y mopiBHsHHI i3 yonoBikamu. Bapto
3a3HAYMTH, 110 cimiBBiHOMEHHS Hb/Hct He mpo-
JIEMOHCTPYBAJIO 3HAUYIIUX aCOIIaIlil 13 KIiHIY-
HUMH XapaKTEPUCTHUKAMH, METO/IOM JIIKyBaHHS,
YCKJIQAHEHHSIMHU YU PE3yJAbTaTOM JIiKyBaHHS.
OTtpuMaHi pe3ybTaTH BKa3yIOTh Ha BAKITUBICTh
PaHHBOI OI[IHKY T€MAaTOJIOT1YHUX TIOKA3HUKIB 5K
MOTEHI[IHHUX MPOTHOCTUYHUX MapKepiB mepe-
oiry aCAK. Ilomanemii 6aratoneHTpoBi Mpo-
CIIEKTUBHI JIOCITIJDKEHHS 13 O1IBIIOI0 BUOIPKOIO
HEOOXIiIHI JJIs T ATBEP/PKEHHSI HAIIIUX BUCHOB-
KiB Ta BH3HAYCHHS ONTUMAJIBHOI CTpaTerii Be-
JICHHS TIAIIE€HTIB 13 ypaxyBaHHIM IeMaToJIoTi4-
HUX TOKa3HUKIB y KoHTeKcTi aCAK.

Buecok aemopie:

- KOHIIeTis Ta qu3aita nociimkerns: KOmis Co-
J00BHIKOBa, AHacTacis PeBypko

- 30ip manux: AHactacist PeBypko

- aHAJi3 Ta IHTepHpeTanis JaHuX: AHacracis Pe-
BYPKO

- HanMcaHHs nepinoi Bepcii crarti: FOmist Como-
noBHIKOBa, AHacrtacis PeBypko

- kputnuHe periensyBanHs: FOmist CononoBHiKO-
Ba, AHaromiii Con

- ocratouHe 3arBep;pkeHHs: FOmist ConomoBHi-
koBa, AHaromiii Con

Ilooaku: He 3aCTOCOBYBAIINCS.

Kongpnixm inmepecig: aBTopu 3asBIsIOTh 1IPO
BIZICYTHICTH KOH(JIIIKTY iHTEpECIB.
@Dinancysanns: 11 NOCHTIHKCHHS HE OTPUMYBa-
JI0 TTKOBOTO (piHAHCYBAaHHS BiJ KOIHUX AEp-
KABHUX, KOMEPIIIMHUX YU HEKOMEPIIHHUX Op-
raHizamii.
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HAEMATOLOGICAL PREDICTORS OF THE ACUTE COURSE OF ANEURYSMAL

SUBARACHNOID HAEMORRHAGE

Introduction

Anaemia is one of the most common clinical
conditions among patients with aneurysmal
subarachnoid haemorrhage (aSAH), affecting
approximately half of all cases [1, 2]. Several
studies have shown an association between low
haemoglobin (Hb) level and more severe clinical
conditions, longer hospital stay, poorer treatment
outcomes, and increased mortality [1].

Notably, anaemia is a potentially treatable
condition through red blood cells (RBC)
transfusion. However, some authors have reported
a higher incidence of complications and worse
outcomes following RBC transfusion [3, 5].

The main pathophysiological mechanism
of delayed cerebral ischemia (DCI) is thought to
be cerebral vasospasm (CV) [6]. To improve
cerebral perfusion and prevent CV and DCI,
"Triple-H" therapy has been used in clinical practice
for many years [7, 8, 9]. The use of "Triple-H"
therapy as a preventive and treatment strategy has
now shifted towards a euvolemic approach [3].

In clinical settings, Hb and hematocrit
(Hct) are often used interchangeably when
anaemia is assessed. An approximate Hb value
may be calculated by dividing Hct by three,
which is a simplified version of the equation
Hct=Hbx2.941 [10].

Therefore, the aim of our study was to
analyze Hb, Hct, and their ratio (Hb/Hct ratio)
in relation to clinical characteristics, treatment
strategy, complications, and outcomes in patients
during the acute phase of aSAH.

Material and Methods

Study design. A retrospective single-centre
cross-sectional study was conducted, analyzing
492 medical records of patients in the acute phase
of aSAH between 2000 and 2023.

Eligibility criteria. The inclusion criteria were:
1) subarachnoid haemorrhage (SAH) due to
ruptured cerebral aneurysm (CA) confirmed by CT
angiography; 2) availability of haematological
parameters (Hb and Hct) on admission and on

the first postoperative day for patients who
received blood transfusions; 3) microsurgical or
conservative treatment; 4) age >18 years.

The exclusion criteria included: 1) traumatic
SAH or other causes of intracranial bleeding (e.g.
arteriovenous malformations, coagulopathies, etc.);
2) history of anaemia, thalassaemia, and other
haematological disorders.
Data collection. The dataset included Hb, Hct,
and the Hb/Hct ratio at admission and on the
first postoperative day, demographic data (sex,
age), length of hospital stay, severity of the
patient's condition at admission based on the
modified WFNS (mWFNS) scale, treatment
method (microsurgical or conservative), time
interval between CA rupture and surgery, and
treatment outcome (in-hospital survived or non-
survived). The size of the ruptured CA was
assessed via CT angiography. In patients with
multiple aneurysms, the size of the ruptured
aneurysm was considered. CT was used to
determine the extent of haemorrhage: isolated
SAH, SAH with intraventricular haemorrhage,
SAH with parenchymal haemorrhage, and SAH
with a combination of intraventricular and
parenchymal haemorrhage. The intracranial
complications included epidural or subdural
haematoma, CV, and hydrocephalus. Other
complications included infections (pneumonia,
urinary tract infections, meningitis) and
conditions requiring tracheostomy.
Statistical analysis. Statistical analysis was
performed using Jamovi software, version
2.3.28.0. Descriptive data are presented as
absolute numbers and frequencies. For each
variable, the mean and standard deviation (SD)
of Hb, Hct, and the Hb/Hct ratio were calculated.
The Shapiro-Wilk test was used to assess the
normality of continuous variables. Differences
between two independent groups with a normal
distribution were analysed using the Student's t-
test, while comparisons between three or more
groups were assessed using ANOVA. For non-
normally distributed variables, the Mann-
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Whitney U test (two groups) and Kruskal-Wallis
test (three or more groups) were applied.
Spearman's rank correlation coefficient was used
to assess the strength and direction of monotonic
relationships between continuous variables. This
non-parametric test was chosen due to the non-
normal distribution of the data. Statistically
significant results were further analyzed using
binomial and ordinal logistic regression.

To assess the impact of Hb, Hct, and the

Hb/Hct ratio on in-hospital survival, a Kaplan-
Meier survival curve was constructed, and Cox
proportional hazards regression was applied. Both
analyses were performed using JASP software,
version 0.19.2. A P-value<0.05 was considered
statistically significant. A flow diagram was created
using Napkin Al for data visualization.
Ethical approval. The study was conducted in
accordance with the Declaration of Helsinki and
approved by the local ethics committee. The
requirement for informed consent was waived
by the ethics committee due to the retrospective
nature of the study.

Results
Among the initial 492 patients, 66 were transferred

426
492
@ )
@i

_—

R

-

for further endovascular treatment. As a result, we
analyzed the medical records of 426 patients with
aSAH. The Hb level was available for 399 of these
patients. Among them, the Hct level was also
available for 208 patients (Figure 1).

The mean + SD values of Hb, Hct, and
the Hb/Hct ratio at admission for the baseline
characteristics are presented in Table 1.

Statistically significant variables, such as
sex, severity of the patient's condition at
admission based on the mWFNS scale, treatment
method, presence of pneumonia, and treatment
outcome, were included in further analysis (Table
2). Using binomial logistic regression, we revealed
that each one-unit increase in Hb and Hct levels
was associated with a 19.1% and 6.2% reduction
in the likelihood of developing pneumonia,
respectively. Similarly, each one-unit increase
in Hb and Hct levels was associated witha 17.1%
and 6.5% reduction in the risk of in-hospital
mortality, respectively. In addition, women had
lower admission Hb and Hct levels compared to
men. A higher Hb level at admission was
independently associated with greater odds of
microsurgical intervention. Each 1 g/dL increase
in Hb level increased the likelihood of

399
a

2

Hematocrit Levels

66 patients were Patients with
Initial Records transferred for further Hemoglobin documented hematocrit
endovacsular treatment I I levels
Total records reviewed evels

inially Patients with

documented

hemoglobin levels
Figure 1
Flow diagram of patient inclusion and data availability
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Table 1
Baseline characteristics for the Hb, Hct, and Hb/Hct ratio at admission
. Hb (g/dl) Hct (%) Hb/Hct ratio
Characteristic n(%) | MeantSD D n(%) | MeantSD | p (%) MeantSD D
Sex <0.001° <0.001° 0.554"
Female 218 (54.6) | 13.3£1.98 109 (52.4) | 39.847.06 109 (524) | 0.3360.0247
Male 181 45.4) | 14.4£1.59 99 47.6) | 4294547 99 (47.6) | 0.339+0.0196
Age 399 13.8+1.89 [ 07717 208 413+6.52 [ 0.826° 208 0.338+0.0224 [ 0.877°
The extent of hemorrhage 0.262° 0.268° 0.946°
Isolated SAH 161 (40.4) 14.0+£1.92 66 31.7) 42.146 47 66 31.7) 0.33940.0221
SAH-+intraventricular 109 (27.3) 13.6+1.87 69 (33.2) 415468 69 (33.2) 0.33540.0264
SAH-+parenchymal 70(17.5) 13.6£1.94 32(154) 3934633 32 (15.4) 0.338+0.0186
SAH-intraventriculart+parenchymal 59(14.8) 14.0+1.79 41 (19.7) 41.346.09 41(19.7) 0.33940.0178 ]
mWFNS at admission 0.233°¢ 0.097° 0.038°
1 174 (43.6) 13.9+1.85 76 36.5) 4224589 76 (36.5) 0.33440.0206
1I 73(183) | 13.7+1.86 34(163) | 4084625 34(163) | 0.34020.0175
I 71(17.8) 13.8+1.77 35(16.8) 39.8+7.08 35 (16.8) 0.345+0.0328
v 63 (15.8) 14.1+£2.06 4521.7) 42446 .84 45 (21.7) 0.33440.0199
N 18(4.5) 13.0+2.33 18 (8.7) 38246.78 18 (8.7) 0.34140.0161
Treatment method 0.046¢ 0.217° 0.623°
Microsurgical 310 (77.7) | 13.9+1.83 152(73.1) | 4164636 152 (73.1) | 0.33840.0233
Conservative 89(22.3) 13.5+2.1 56 (269) 4034699 56 (26.9) 0.33840.0203
Size of ruptured CA 399 13.8+1.89 | 0.114° 208 4132652 | 0.477° 208 0.3380.0224 | 0.694°
Time interval between CA 399 13.8+1.89 | 0.554° 208 4132652 | 0.062° 208 0.3380.0224 | 0.885"
rupture and surgery
Presence of CV 0.672° 0.639° 0.433"
Presence 198 (49.6) 13.9+1.85 108 (51.9) | 41.146.51 108 (51.9) | 0.33740.0206
Absence 201 (50.4) 13.8+£1.94 100 (48.1) | 41.546.56 100 (48.1) | 0.33940.0243
Presence of hydrocephalus 0.542° 0.637° 0.42°
Presence 63 (15.8) 14.0+1.77 36 (17.3) 41.7+5.76 36 (17.3) 0.33940.0185
Absence 336 (84.2) 13.8+£1.92 172 (82.7) | 41.246.68 172 (82.7) | 0.33740.0232
Presence of epidural or subdural 0.184° 0.8617 0.485"
hematoma
Presence 34(8.5) 13.5+£1.98 16 (7.7) 41.046.18 16 (7.7) 0.338+0.0239
Absence 365 (91.5) 13.9+1.89 192 (92.3) | 41.346.57 192 (92.3) | 0.33840.0224
Presence of p ia <0.0017 0.005° 0.622*
Presence 103 (25.8) 13.3£1.94 69 33.2) 39.546.66 69 (33.2) 0.33840.0267
Absence 296 (74.2) 14.0+1.84 139 (66.8) | 42.146.29 139 (66.8) | 0.33740.0201
Presence of urinary tract infections 0.852° 0.116° 0.222°
Presence 20(5.0) 13.8+2.28 11(5.3) 44.347 .86 11(5.3) 0.32240.0415
Absence 379 (95.0) 13.8+1.88 197 (94.7) | 41.146 42 197 (94.7) | 0.33840.0207
Presence of meningitis 0.731° 0.540° 0.982°
Presence 22(5.5) 14.0+2.01 9(4.3) 40.046.19 9(4.3) 0.340+0.0167
Absence 377 (94.5) 13.8+1.89 199 (95.7) | 41.346.55 199 (95.7) | 0.33740.0227
Conditions requiring tracheosto my 0.106" 0.2987 0.06"
Presence 70(17.5) 13.5+1.89 53 (25.5) 40.547.1 53 (25.5) 0.341+0.0309
Absence 329 (82.5) 13.9+1.89 155 (74.5) | 4154632 155 (74.5) | 0.33740.0187
Treatment outcome 0.003¢ 0.005 0.329*
In-hospital survived 307 (76.9) | 14.0:1.87 145 (69.7) | 42.146.6 145 (69.7) | 0.336+0.0224
In-hospital non-survived 92(23.1) 13.3+1.9 63 (30.3) 3934595 63 (30.3) 0.34040.0225

“ - Mann-Whitney U test; * - Spearman's rank correlation coefficient, © - Kruskal-Wallis test;
4 - Student's t-test; ¢ - ANOVA

microsurgical treatment by 13.5%. To investigate
the relationship between the mWFNS score and
the Hb/Hct ratio, ordinal logistic regression was
performed. Although the Kruskal-Wallis test
indicated a statistically significant difference
between groups, the regression analysis did not
confirm this association. This discrepancy is
likely due to a non-linear relationship or a
variable effect of the Hb/Hct ratio on specific
transitions between mWFNS severity grades.
Survival analysis using the Cox
proportional hazards model demonstrated that
Hb and Hct levels at admission were independent

prognostic factors for treatment outcome in patients
with aSAH. An increase in the Hb level at
admission was associated with a 15.9% reduction
in the risk of in-hospital mortality (HR=0.841; 95%
CI: 0.756-0.936; P=0.002), whereas each unit
increase in the Hct level reduced the risk by 5.8%
(HR=0.942; 95% CI: 0.908-0.979; P=0.002)
(Figures 2 and 3). According to the Cox model with
restricted cubic splines, a nonlinear relationship was
identified between admission haematocrit level and
the risk of death in patients with aSAH. The highest
risk of death was observed at Hct <30%, whereas
levels of 30-33% were associated with minimal
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Table 2
Results of logistic regression for Hb and Hct levels at admission
. . Hb (g/dl) Hct (%) Hb/Hct ratio
h t t
Characteristic OR | 95%CI p__| OR | 95%CI p_|OR[ 95%C1 | p
mWFNS' 107 | -5.75-155 | 0.386
Treatment method® 1) 351 5551 29 | 0,047
(reference: conservative)
Sex® (reference: male) 0.706 [ 0.625-0.797 | <0.001 | 0.925 | 0.884-0.969 | <0.001
i
Presence ofpneumonia® | 9 | 716.0914 | <0.001 | 0.938 | 0.895-0.982 | 0.007
(reference: absence)
2
Treatment outcome 0.829 | 0.732-0939 | 0.003 | 0.935 | 0.892-0.981 | 0.006
(reference: survived)

/- ordinal logistic regression; ¢ - binomial logistic regression

risk. At levels of 35-45%, a moderate increase in
mortality risk was observed. The Hb/Hct ratio at
admission had no statistically significant effect on
survival in patients withaSAH (HR 1421.531; 95%
CI10.031-6.597x107; P=0.191). The high variability
of this estimate indicates limited reliability and
restricts the clinical interpretability of the Hb/Hct
ratio in this context.

We also performed a detailed analysis of
data from 14 patients who received RBC
transfusion. RBC transfusion was administered
after microsurgical aneurysm clipping due to blood
loss resulting from intraoperative rupture. The mean

+ SD values of Hb, Hct, and the Hb/Hct ratio on
the first postoperative day for the baseline
characteristics are presented in Table 3.

None of the haematological parameters
analyzed (Hb, Hct, Hb/Hct ratio), which were
measured on the first postoperative day prior to
RBC transfusion, were significantly associated
with clinical characteristics or complications
following aSAH. However, the variables "time
interval between CA rupture and surgery" and
"treatment outcome" in the Hb/Hct ratio column
approached the threshold of statistical significance
(P=0.051 and P=0.056, respectively).
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Figure 2

Kaplan-Meier survival curve based on length of hospital stay according to the Hb level at admission
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Figure 3

Kaplan-Meier survival curve based on the length of hospital stay according to the Hct level at admission

Discussion

Our findings indicate that higher levels of Hb
and Hct at admission were associated with a
decreased risk of in-hospital mortality in patients
with aSAH. This finding is consistent with the
results of a retrospective study by Said et al.,
which reported that the development of anaemia
within 14 days after aSAH was associated with a
greater risk of in-hospital mortality. Importantly,
their study included patients admitted within 48
hours of symptom onset and treated surgically
within the first 24 hours of hospitalizationl.
However, in a separate systematic review by Said
et al., no association was found between anaemia
on admission and in-hospital mortality [5].

In our study, a relationship was also
observed between haematological parameters
and treatment method: patients who underwent
microsurgical treatment had significantly higher Hb
level compared to those treated conservatively. We
believe this may reflect both the selective choice
of patients with more stable haematological

profiles for surgery, and a possible link between
anaemia and the decision to withhold surgery
due to overall critical conditions.

As previously mentioned, the so-called
"Triple-H" therapy (induced hypervolaemia,
hypertension, and haemodilution) was historically
used in aSAH management. Haemodilution led to
a reduction in Hct level. Importantly, Het is an
indirect measure of the oxygen-carrying capacity
of blood, whereas Hb is a direct one [7, 8].
Furthermore, Hb is less sensitive to changes in
plasma volume than Het [ 11]. Some authors suggest
that a reduction in Het level may improve cerebral
blood flow [8], whereas others dispute this claim
[7].Also, even if a lower Hct level enhances blood
flow, it may also reduce the oxygen content of the
blood, potentially limiting oxygen delivery to the
brain [8]. Maintaining adequate cerebral perfusion
is akey factor in preventing cerebral ischaemia [8].
In our study, no association was found between
Hb or Hct levels and the development of CV.
Randomized controlled trials have shown that
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Table 3
Baseline characteristics for Hb, Hct, and the Hb/Hct ratio on the first postoperative day
Hb (g/dl) Het (%) Hb/Hct ratio
Characteristic n | MeantSD n Meil)n:I:S P n Meant+SD P
Sex 0.1274 0.143¢ 0.991¢
Female 10 | 8.21+1.83 10 | 2444564 10 | 0.338+0.0170
Male 4 | 6.65t0.526 4 | 198222 4 | 0.338+0.0207
Age 14 7.76£1.71 [ 0.182° | 14| 23.14528 | 0.372° | 14 | 0.338+0.0173 | 0.291°
The extent of hemorrhage 0.589° 0476° 0.523°¢
Isolated SAH 4 | 84+1.51 4 | 2434519 4 | 0349400151
SAHintraventricular 7 | 7494201 7 | 226+6.19 7 10.33310.0163
SAH+parenchymal T | 9.34NaN 1 | 280+NaN 1 | 0.3324NaN
S AHHntraventricular+parenchymal 2 | 6.720.141 2 | 200141 2 | 0.336+0.0308 |
mWENS at admission 0.402° 0451° 0.907
I 5 | 6.781.86 5 | 200+596 5 | 0.342+0.0201
il 4 ] 7974191 4 | 2384525 4 ]0.33540.02
1 1 | 944NaN 1 | 280+NaN 1 | 0.336:NaN
vV 4 | 838+1.16 4 | 25.0+408 4 | 0.337+0.0177
v 0 | NaN 0 | NaN 0 | NaN
Size of ruptured CA 14 7765171 [ 0919° | 14| 2312528 | 0.76° | 14 | 0.33840.0173 | 0.554°
Time interval between CA 14 [ 7765171 | 0.546° | 14| 2312528 | 0.602° | 14 | 0.338+0.0173 | 0.051°
rupture and surgery
Presence of CV 0.595° 0.524" 0.64
Presence 9 | 796+1.88 9 | 238+587 9 ]0.336+0.0155
Absence 5 | 7424147 5 | 21.8+432 5 | 0.3410.0218
Presence of hydrocephalus 0.447° 0.542° 0.708"
Presence 3 | 7.0743.09 3 | 213195 3 ] 0.33440.044
Absence 11] 7.95£13 11| 235+4.13 11 | 0.339:0.0163
Presence of epidural or 0.405° 0.463° 0.875°
subdural hematoma
Presence 1 | 7.654NaN 1 | 27.04NaN 1 | 0.3414NaN
Absence 13 | 92+1.73 13 | 2284537 13 | 0.338+0.0180
Presence of pneumonia 0.925° 0.891° 0.166"
Presence 6 | 7.8242.21 6 | 228+703 6 | 0.345+0.0186
Absence 8 | 7.73t1.39 8 | 233+406 8 | 0332400149
Presence of urinary tractinfections 0.803° 0.586" 0.185°
Presence 1 | 824NaN 1 | 260+NaN 1 | 0315NaN
Absence 13 | 7.73£1.77 13 | 2284543 13 | 0.34+0.0167
Presence of meningitis NaN NaN NaN
Presence 0 | NaN 0 | NaN 0 | NaN
Absence 14 | 7.76£1.71 14 | 23.1+528 14 | 0.338+0.0173
Conditions requiring tracheostomy 0.499" 0.505" 0916
Presence 5 | 82+1.66 5 | 244527 5 ]0.33740.0152
Absence 9 | 7524178 9 [ 223545 9 ]0.33840.0192
Treatment outcome 0.988" 0.738° 0.056"
In-hospital survived 7 | 7.76+1.26 7 | 236+369 7 1 0.32940.0171
In-hospital non-survived 7 | 777217 7 | 226463 7 | 0.34710.0133

“ - Mann-Whitney U test; * - Spearman's rank correlation coefficient; < - Kruskal-Wallis test,; - Student's t-test

"Triple-H" therapy increases the risk of
complications without reducing the incidence of
DCI. Therefore it has lost clinical relevance in
modern practice [3].

With regard to the Hb/Hct ratio at
admission, our study did not reveal any
statistically significant associations with the
clinical variables analyzed. A similar pattern was
observed for haematological parameters

measured before blood transfusion on the first
postoperative day: none of them (Hb, Het, or Hb/
Hctratio) demonstrated a statistically significant
relationship with clinical characteristics or
complications following aSAH.

Despite the physiological rationale for
RBC transfusion to improve oxygen delivery to
the brain, clinical studies have reported
conflicting results [2]. RBC transfusion has been
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linked to an increased risk of CV, surgical site
infections, cardiovascular and respiratory
complications, longer hospital stays, and higher
30-day mortality. At the same time, these risks
may coexist with a significant benefit - reducing
the likelihood of cerebral ischaemia and severe
anaemia, which makes transfusion justified in
selected cases [12]. The main limitations of
different studies about RBC transfusion include
their retrospective design, considerable
variability in transfusion thresholds, and the
potential confounding influence of disease
severity. Furthermore, most studies do not
consider the timing of transfusion (before,
during, or after the development of delayed
cerebral ischaemia), which complicates the
evaluation of its impact on clinical outcomes.
Nevertheless, a 2021 systematic review
concluded that the overall benefits of transfusion
likely outweigh the potential risks2. Among the
factors we analyzed, no criteria influencing the
decision to perform blood transfusion were
identified. Future research may benefit from
considering additional factors such as comorbidities,
body mass index, religious beliefs etc.

Therefore, the lack of statistically
significant results in our study may be due to
the small sample size, highlighting the need for
further large-scale research in this area.
Limitations. The single-centre design and
sample size may limit the representativeness and
generalizability of the findings. The Hb level was
unavailable for 27 patients. Hct and Hb/Hct ratio
data were missing for 218 patients. Additionally,
the number of patients who received blood
transfusion was limited, reducing the statistical
power and possibly obscuring potentially
significant associations.

Conclusion

Higher Hb and Hct levels at admission were
significantly associated with a decreased risk of
pneumonia and in-hospital mortality in patients
with aSAH. Higher Hb levels at admission were
associated with a greater likelihood of
undergoing microsurgical treatment. Compared
with male patients, female patients had lower

Hb and Hct levels. Notably, the Hb/Hct ratio was
not significantly associated with clinical
characteristics, treatment method, complications,
or treatment outcomes. These findings highlight
the importance of early assessment of
haematological parameters as potential
prognostic markers in the course of aSAH.
Further multicenter prospective studies with
larger sample sizes are needed to validate our
results and establish optimal management
strategies for haematological parameters in the
context of aSAH.
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