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ABSTRACT

Relevance: Anemia is a common hematologic syndrome, particularly among oncological patients, where its prevalence ranges from
40% to 90%, depending on treatment. Blood transfusion remains the primary method of anemia correction; however, hemoglo-bin (Hb)
level remains the sole criterion for transfusion decisions despite not always accurately reflecting tissue oxygen demand. Consequently,
alternative physiological transfusion triggers are being actively studied, including oxygen extraction ratio (O,ER), central venous oxy-

gen partial pressure (Pv0,), lactate (Lac), and venous-to-arterial carbon dioxide difference (1CO2).
The study aimed to assess the effect of blood transfusion on O,ER, PvO,, Lac, and ACO, in oncological patients with anemia and

determine their potential as physiological transfusion triggers.

Methods: A prospective observational study included 107 oncological patients with anemia requiring blood transfusion. Arterial
and central venous blood samples were collected before and 1 hour after transfusion to assess Hb, PvO,, Lac, O,ER, and ACO,. Statis-
tical analysis was performed using the Wilcoxon test and Spearman’s rank correlation coefficient.

Results: After blood transfusion, a statistically significant improvement in key parameters was observed:

* O,ER decreased from 35.4% (31.8; 41.9) to 29.3% (26.0; 33.4) (p<0.001);

* PvO, increased from 34.8 (32.7; 38) to 36 (34, 39) mmHg (p=0.003);

* 4CO, decreased from 7 (5.2; 8.6) to 6.3 (4.9; 7.7) mmHg (p=0.004);

e Lac changed slightly from 1.1 (0.9; 1.7) to 1.0 (0.6, 1.55) mmol/L (p=0.005), remaining within the normal range.

Correlation analysis revealed that PvO,, ACO,, and Lac were significantly associated with baseline O2ER levels but did not cor-re-
late with baseline Hb levels (p>0.05). This confirms that the Hb level does not accurately reflect oxygen delivery needs, whereas alter-
native physiological markers may serve as more reliable transfusion decision criteria.

Conclusion: Changes in O,ER, PvO,, and ACO, after blood transfusion suggest their potential use as physiological transfusion trig-
gers. Unlike the Hb level, these parameters more accurately reflect oxygen delivery changes. Although lactate correlated with baseline
Hb, it cannot serve as a reliable transfusion trigger in this patient population, as its levels remained within the normal range. Further
research is needed to define threshold values for physiological transfusion triggers and evaluate their impact on clinical outcomes.
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Introduction: Anemia is one of the most common
hematologic syndromes in clinical practice. At the same
time, anemia in cancer patients occurs in more than 40%
of cases, and in patients receiving chemotherapy, the in-
cidence of anemia can reach up to 90% [1]. Anemia is an
independent factor that worsens clinical outcomes in
various groups of patients [1, 2]. One of the main meth-
ods of anemia treatment is a blood transfusion. In mod-
ern transfusion practice, a distinction is made between
restrictive and liberal transfusion strategies. The liberal
strategy involves transfusion of red blood cell compo-
nents at higher hemoglobin levels. In turn, the restric-
tive strategy is based on minimizing transfusions. It in-
volves prescribing blood transfusion only when lower
hemoglobin levels are reached, which is aimed at reduc-
ing the risk of possible complications [3], such as vol-

ume overload, transfusion reactions, and the immuno-
modulatory effect of blood transfusions. The restrictive
strategy is the basis for many modern recommenda-
tions for the transfusion erythrocyte-containing blood
components, including the current order of the Ministry
of Health of the Republic of Kazakhstan [4-8].

The hemoglobin level is the key criterion for de-
ciding on blood transfusion. In this regard, the hemo-
globin level cannot reflect the level of oxygen deliv-
ery, and increasing the latter is the main goal of blood
transfusion therapy. That is why several studies show
the benefits of a liberal transfusion strategy and im-
proved clinical outcomes in patients with higher he-
moglobin levels [9-11]. This is primarily indicated for
patients with limited reserves for physiological com-
pensation of reduced oxygen delivery, including those
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with cardiovascular pathologies or elderly patients. A
similar situation was shown in a study by P. de Almeida
et al.: a liberal strategy improved the clinical outcomes
in cancer patients after major surgical interventions
[12]. These data also demonstrate the imperfection of
hemoglobin as the only trigger for blood transfusion.
In connection with this, relevant alternative physiolog-
ical triggers for blood transfusion have been active-
ly studied in recent years, which makes it possible to
more accurately assess the patient’s need for transfu-
sion. These include the oxygen extraction coefficient
(O,ER), arteriovenous difference in carbon dioxide par-
tial pressure (ACO,), central venous blood saturation
(Scv0,), lactate (Lac), central venous oxygen partial
pressure (PvO2), and other markers of oxygen delivery
and tissue hypoxia. This study analyzed the effect of
blood transfusion on O,ER, ACO,, Lac, PvO2 in cancer
patients with anemia.

The study aimed to assess the effect of blood trans-
fusion on O,ER, PvO,, Lac, and ACO, in oncological pa-
tients with anemia and determine their potential as
physiological transfusion triggers.

Methods: A prospective observational study includ-
ed 107 oncological patients. The main inclusion criteria
were:

- anemia requiring blood transfusion;

- presence of a central venous catheter.

The exclusion criteria were:

- respiratory support (invasive/non-invasive ventila-
tion, high-flow oxygen therapy);

- vasopressor and/or inotropic support;

- shock of any etiology;

- childhood;

- pregnancy.

The study included patients over 18 years of age, 66
(61.7%) women and 41 (38.3%) men. The median age of
patients was 57 (46-65) years.

All patients received the packed red blood cell (PRB)
transfusion, which triggered the hemoglobin level. Be-
fore and 1 hour after blood transfusion, the hemoglobin
(Hb) levels, PvO,, Lac have been measured.

0O,ER calculated as [(CaO,-Ccv0,)/Ca0,*00%]. ()
ACO, calculated as PvCO,-PaCO,. @

Central venous blood was taken from the central ve-
nous catheter located in the basin of the superior vena
cava (subclavian or internal jugular vein), and arterial
blood was taken from the radial artery.

The statistical analysis and visualization of the data
obtained were carried out using the R 4.3.1 statistical
software framework (R Foundation for Statistical Com-
puting, Vienna, Austria).

Descriptive statistics for categorical variables are
presented as absolute and relative frequencies (n (%)),

and for quantitative variables, they are presented as a
median (1-3 quartile). For comparison of quantitative
indicators before and after the intervention, the Wilcox-
on signed-ranks test for matched pairs has been used.
The Spearman’s rank correlation coefficient (p) with a
corresponding 95% confidence interval (95% Cl) has
been used to estimate the direction and strength of the
association between quantitative variables. The associ-
ation was considered statistically significant at p<0.05.

Results: The median hemoglobin concentration be-
fore transfusion was 73 (64.5; 78) g/L. After transfusion,
the median hemoglobin increased to 85 (76.5; 93.7) g/L.
The median elevation of hemoglobin after transfusion
amounted to 13 (8.5; 21) g/L and was statistically signif-
icant (p<0,001).

The main diagnosis in all patients included in the
study (n=107) was malignant neoplasms. The most com-
mon were tumors of the gastrointestinal tract - in 30 pa-
tients (28.0%), and malignant neoplasms of bones and
soft tissues were detected in 30 patients (28.0%). Tum-
ors of the female reproductive system were detected in
22 patients (20.6%), tumors of the chest organs in 8 pa-
tients (7.5%), and neoplasms of the head and neck in 4
patients (3.7%). Malignant tumors of the urinary system
and male genital organs were diagnosed in 8 patients
(7.5%). Primary multiple cancers were detected in 3 pa-
tients (2.8%) and other malignant tumors in 2 patients
(1.9%). A brief clinical and demographic description of
the enrolled patients is presented in Table 1.

The effect of blood transfusion and the dynamics of
O,ER changes in response to transfusion are presented
in Figure 1.

Oxygen extraction: The level of O,ER before blood
transfusion was higher than the normative values and
composed 35.4% (31.8; 41.9). After the blood transfu-
sion, the median level of oxygen extraction was 29.3%
(26%); 33.4%). Concurrently, a statistically significant nor-
malization of the O,ER level after transfusion of eryth-
rocyte-containing media has been observed: the medi-
an decline in O,ER after transfusion amounted to 5.8%
(-10.7%; -1%) (p<0.001). The median O,ER value before
blood transfusion was higher than the normative val-
ues, and the transfusion led to the normalization of this
indicator. The effect of blood transfusion and the dy-
namics of O,ER changes in response to transfusion are
presented in Figure 1.

Partial pressure of oxygen in central venous blood: The
median level of PvO, before blood transfusion was 34.8
(32.7; 38) mmHg. After the blood transfusion, a statisti-
cally significant elevation of the partial pressure of oxy-
gen in the central venous blood has been recorded - 36
(34-39) mmHg. The median change of PvO, after trans-
fusion composed 1.2 (-1.35; 3) mmHg (p=0.005). The ef-
fect of blood transfusion and the dynamics of changes
in PvO, indicator in response to transfusion are present-
ed in Figure 2.
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Table 1 - Clinical and demographic characteristics of the enrolled patients

Indicator

Value

Age (years), median (min; max)

57 (46; 65)

Sex, n 107 (100%)

Female

66 (61.7%)

Male

41 (38.3%)

Body mass index (kg/m?), median (min; max)

23,9 (21; 26,7)

Type of anemia, n 107 (100%)

Acute

71 (66,4%)

Chronic

36 (33,6%)

Tumor localization, n 107 (100%)

Bones and soft tissues

30 (28,0%)

GIT

30 (28,0%)

Female genitalia

22 (20,6%)

Urinary system and male genital organs 8 (7,5%)
Chest organs 8 (7,5%)
Head and neck 4 (3,7%)
Primary multiple cancer 3 (2,8%)
Other tumors 2 (1,9%)

Concomitant diseases, n 107 (100%)

Arterial hypertension

34 (31,8%)

Coronary heart disease

14 (13.1%)

Obesity

13 (12,2%)

Type 2 diabetes mellitus 10 (9,3%)

Cerebrovascular diseases 3(2,8%)

Other 85 (79,4%)
Apache Il Severity Rating Scale, Median (min; max) 12 (11; 14)

Transfusion volume, median (min; max)

340 (310; 410)
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Figure 1 - O,ER level before and after blood transfusion

Lactate: The median lactate concentration amount-
ed to 1.1 (0.9; 1.7) mmol/L before blood transfusion and 1
(0.6; 1.55) mmol/L after the blood transfusion; the median
change in lactate levels in response to blood transfusion
was -0.1 (-0.45; 0.1) mmol/L. Even though the median lac-
tate concentration was within the normative values before
and after blood transfusion, the change in lactate levels in
response to blood transfusion was statistically significant
(p=0.005). The lactate levels before and after blood trans-
fusion are presented in Figure 3.

Figure 2 - PvO, level (mmHg) before and after blood
transfusion

Venoarterial difference in carbon dioxide (ACO,) lev-
els: The median ACO, pre-transfusion level was high-
er than the normative level 7 (5.2; 8.6) mmHg. After
the blood transfusion, the level of ACO, changed sta-
tistically significantly towards normalization; the me-
dian ACO, decline was -0.9 (-2.4; 0.8) mmHg. The
ACO, median after transfusion composed 6.3 (4.9;
7.7) mmHg (p=0.004) (Figure 4). The level of ACO,
before and after blood transfusion is presented
in Figure 4.
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Figure 3 - Lactate levels before and after blood
transfusion

Than, we analyzed the correlation between changes
in the studied parameters and the initial level of oxygen
extraction, which is the main indicator of oxygen deliv-
ery and consumption, and the initial level of hemoglobin,
which is the main trigger for blood transfusion.

In the correlation analysis, a statistically significant cor-
relation between the baseline oxygen extraction and the
changes in blood transfusion was found in PvO, (p=0.39
(95% ClI: 0.22; 0.54), p<0.001), lactate (p= -0.21 (95% Cl:

Figure 4 — ACO, levels before and after blood
transfusion

-0.39; -0.02), p=0.028) and ACO,(p= -0.31 (95% Cl: -0.47;
-0.12), p=0.001) (Figures 5-7).

At that, no statistically significant correlation between
the Hb baseline level and changes in response to blood
transfusion was found in PvO, (p=-0.1 (95% Cl: -0.28; 0.1),
p=0.326) and ACO, (p=0.13 (95% Cl: -0.07; 0.31), p=0.199)
(Figures 8, 9). The lactate levels were statistically signifi-
cantly and positively correlated with baseline Hb concen-
trations (p=0.35 (95% Cl: 0.17; 0.51), p<0.001) (Figure 10).

A PvO2 (mm Hg)

o

T T T

20 30 40 50 60 70
O2ER (%)

2
o
1 o o
g (-]
1. (-]
2 0]
=)
1<
E
2
8
8 11
£
o
-24
o
o
20 30 40 50 60 70
O2ER (%)

Figure 5 - Statistically significant correlation between
changes of PvO2 in response to blood transfusion and
O2ER baseline

Further, the correlation between the level of O,ER de-
cline in response to transfusion of red blood cell com-
ponents and the initial level of O,ER, as well as between

Figure 6 — Statistically significant correlation between lac-
tate changes in response to blood transfusion and O2ER
baseline

changes of O2ER and the concentration of Hb before
blood transfusion, has been analyzed. The level of O,ER de-
cline (normalization) was statistically significantly correlat-
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ed with the level of O,ER before the intervention (p=-0.63
(95% Cl: -0.73; -0.5), p<0.001): the higher the pre-transfu-
sion of O,ER level, the more significant was the level of nor-
malization in response to transfusion of donor red blood

cells. At the same time, there was no statistically significant
association of O,ER changes with baseline Hb concentra-
tion before surgery (p=0.16 (95% Cl: -0.03; 0.34), p=0.105)
(Figure 11).
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Figure 7 — Statistically significant correlation between
changes in ACO, in response to blood transfusion and
O,ER baseline

Figure 8 - No correlation between changes in PvO,
in response to blood transfusion and baseline Hb
levels
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Figure 9 — No correlation between changes in ACO,
in response to blood transfusion and baseline Hb
levels

Discussion: Anemia is a multidisciplinary problem and
is widespread in clinical practice. Both anemia and blood
transfusion are associated with worsening clinical out-
comes in different groups of patients [2,3,13-16]. Howev-
er, the hemoglobin level does not reflect the true need for
oxygen delivery in patients with anemia. This is especially
critical in patients with concomitant cardiovascular pathol-

Figure 10 - Statistically significant correlation between
changes in lactate levels in response to blood transfusion
and baseline Hb levels

ogy or acute cerebral insufficiency, and elderly patients.
Our study demonstrated that the oxygen delivery indi-
cators, such as PvO, and O,ER, as well as tissue perfusion
index ACO,, were significantly changed towards normal-
ization after the blood transfusion. Moreover, the worse
the initial values of these parameters were, the more pro-
nounced their normalization turned out to be found.
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Figure 11 - Strong correlation between O2ER change in blood transfusion and baseline O2ER, no correlation
between O2ER change and baseline Hb

The correlation analysis showed that all studied indi-
cators, except for lactate, did not have a significant links
with the initial level of hemoglobin. This indicates that the
digital Hb index does not reflect the level of oxygen deliv-
ery and, accordingly, cannot serve as a reliable criterion for
determination of the need for blood transfusion. The lac-
tate levels showed a correlation with baseline Hb, howev-
er, their concentrations remained within the normal range
both before and after the blood transfusion. The proba-
ble reason for this is the fact that the lactate levels respond
to reduced oxygen delivery only when a critical threshold
is reached, when compensatory mechanisms, such as in-
creased cardiac output and tissue oxygen extraction, be-
come inadequate [17]. Accordingly, in this clinical situation,
the lactate cannot be considered as a trigger for blood
transfusion. At the same time, changes in O,ER, PvO, and
ACO, indicate that these indicators can be used to make a
decision on blood transfusion.

The results obtained are partially consistent with previ-
ously published studies. For example, B. Vallet in his stud-
ies showed the importance of using the central venous
blood hemoglobin saturation as a trigger for blood trans-
fusion [18, 19]. Another study conducted by Fogagnolo et
al. demonstrated that the use of arteriovenous difference
in oxygen content as a criterion for prescribing of blood
transfusion leads to reduction of 90-day mortality in criti-
cally ill patients [20].

Our study has a number of limitations. First of all, it is
not randomized, and blood transfusion was performed in
all patients, which excludes the possibility of comparison
with the control group. Secondly, critically ill patients, in
whom the changes in oxygen delivery and consumption
may be most pronounced, were excluded from the anal-
ysis.

Conclusion: Changes in O,ER, PvO,, and ACO, allow to
consider these indicators as criteria for making a decision
on blood transfusion. Currently, there is a growing inter-
est in physiological and alternative triggers of transfusion,
which is associated with the development of a personal-
ized approach in transfusion practice and the desire to op-
timize the blood transfusion tactics in various categories
of patients. Further research in this direction is needed,
primarily to determine the threshold values of physiologi-
cal triggers when prescribing the blood transfusion.
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AHJIATIIA

OTTEI'THI DKCTPAKIUSJIIAY, JAKTAT JEHT'EWIH, OPTAJIBIK
BEHO3/IBIK KAHJIAFbI OTTEI'THIH HAPIIUAJIABIK KbICBIMbIH KOHE
BEHO3AbI-APTEPUSAJIBIK KOMIPKBIIIKbIJI I'A3bI AUBIPMAIIBIJIBIFBIH
OHKOJIOT'USAJVIBIK TAHUMEHTTEPJAE TEMOTPAHC®Y3UA KE3IHIAE BAFAJIAY

A.A. Apvinos', B.B. Yypcun?, O.10. Pvibauex’

1«Ka3aK OHKONIOTIA XaHe paguonorus FbibIMU-3epTTey UHCTUTYTbI» AK, Anmarbl, Kasakcran Pecny6nukacol;
2« XK. AchenanspoB aTbiHaarbl Kasak yiTTblk MeauuuHa yHuBepcuTeTiin» KEAK, Anmarbl, Kasakcran Pecny6nukaco

Ozexminizi: Anemus — KIUHUKATBIK NPAKMUKAOA HCUi Ke30ecemit 2eMamolo2usIblK CUHOPOM, dCipece OHKONIO2UANbIK NayueHmmep
apacvinoa onviy scuiniei 40%-0an 90%-2a Oetiin sicemeodi. Anemusinol myzemyoiy He2izei 90ici Kan Kyio (cemompancgysus) 6oavin ma-
ovL1a0bl, anavda eemoznobun (Hb) oeneeiii mpancpyzuansvl mazaiiinoayosiy sHcanzvl3 Kpumepuili oonvin Kaia bepedi, bipax on apoa-
libLM mindepoiy ommeziee Kaxcemminiein don kepceme armaiiost. Ocvlean batinanvicmot conest ucoinoapol O,ER (ommeei skcmpaxyus
xoahpuyuenmi), PvO, (opmanvix 6eno30vix Kannvly ommeei napyuanowix keicvimuy), Lac (naxmam) scone ACO, (6eno3ovi-apmepusivli
KOMIPKUUKDLIL 2A3bl AULIPMAULBLIbBI2bY) CUSAKMbL PUIUOIOSUALBIK MPAHCHY3UANLIK mpueepiep beiceHdi sepmmenyoe.

3epmmeydin maxcamol: Anemuscol 6ap onxonozusnvbly nayuenmmepoe emompancgysuanviyy O,ER, PvO,, Lac scone ACO, rop-
cemKiwimepine acepin bazanay Jdcone o1apobl u3UOI0SUATBIK MPAHCPYIULILIK, mpuzeepiep peminoe KoI0any MyMKIHOIZIH AHbIKMAY.

Aoicmep: 107 oHKOI02UANBIK NAYUEHM KAMBICKAH NPOCHeKMuUsmi oocepeayusnvly sepmmey sHcypeizinoi. I emompancgysus an-
Obiroa dcone odan 1 cazam emxen oy nayuenmmepoeH apmepusiiiblk HCoHe OPMAblK 6eH030bIK KaH anvinovl, Hb, PvO,, Lac, O ER
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acone ACO, deneetinepi onwendi. Cmamucmuxanviy manoay Yuakoxcon mecmi scone Cnupmen pan2inix xoppeaayus kodogguyuenmi
KomeziMeH Hcypei3inoi.

Homuocenepi: I emompancysusoan Ketiin Heeizel kopcemkiumepoe CmamucmuKkaiblk mypavlOan Maybl30bl Jdcakcapy 6aiuKaiobl:

* O,ER 35,4% (31,8; 41,9)-0an 29,3% (26,0; 33,4) Oeiiin memenoedi (p<0,001);

. PvOZ 34,8 (32,7; 38)-0en 36 (34; 39) mm.cvin.bae oetiin apmmot (p=0,005);

*4CO, 7 (5,2; 8,6)-0an 6,3 (4,9; 7,7) mm.coin.6ae Oetiin momenoedi (p=0,004);

eLac 11 (0,9; 1,7)-0en 1,0 (0,6, 1,55) mmonv/n Oeiiin o32epoi (p=0,005), 6ipax Karvinmul wexmepoe Kauobvl.

Koppenayusanvix manday nomuoicecinde PvO,, ACO, acone Lac kopcemxiwmepi 6acmankul O,ER Oenzetiimen atimapnvixmaii 6aii-
JIAHBICHL AHLIKMAObL, OIPAK 2emo2i06unHiy bacmanksl Oeneelimen Koppensyus oaikanrzaw xeox (p>0,05). Byn Hb oeneetii ommeeini
JHCeMKI3Y Kadicemminiein 091 Kopcemneuminin, ai u3uono2usivlk mapkepiep mpanc@y3usHvl maesaiublHOayobly CeHiMOipex Kpume-
puiinepi 601ybl MYMKIH eKeHiH 091eN10eloi.

Kopvitmuinowr: 'emompanceysusnoan xeiinei O,ER, PvO, ocone ACO, e3zepicmepi onapobly Gusuonoeusibls mpanc@ysusiviy
mpueeepiep peminoe KOLOAHbLLY MYyMKIHOI2TH Kopcemeoi. Hb Oeneeiiinen atibipmawbliviesl, Oy1 napamempiep ommeiMen Kammama-
cbl3 emy o32epicmepin oonipex cunammatiiosl. Jlakmam Hb Oenzetiimen xoppenayuananaanvimeH, oHbly 0eneelli Kanibinmvl OUana3oHoda
00n2aHObIKMAH, OHbL CEHIMOI MPAHCOHYIUATLIK mpuzeep peminoe Kapacmulpy MymKin emec. bonawak sepmmeynep gusuonocusivik
MPAHCPY3UATBIK mpuceepnepOiy WeKmi MOHOEPIH AHbIKMAY JHCOHe 0NAPObIH KIUHUKALIK HOMUMNCeepee dCepin 0a2anay yuin Kaxcem.

Tyiiinoi co3oep: cemompancgysus, anemus, Omme2ini IKCMPAKYUSIIAY.

AHHOTADUSA

OHEHKA SKCTPAKIMU KHCJIOPOIA, YPOBHS JIAKTATA, ITAPITUAJIBHOI'O
JABJIEHU A KUCJIOPO/JIA B IEHTPAJIBHOM BEHO3HOI/I KPOBU
U BEHOAPTEPHAJIBHOM PASHUIIBI IO YIJIEKUCJIOMY TA3Y
Y OHKOJIOI'HYECKHUX NTAIIMEHTOB ITPU TEMOTPAHC®Y3UN

A.A. Apvinos', B.B. Qypcun?, O.1O. Poioauex!

1A0 «Ka3axckuit HayuHo-1CCNeOBATENbCKIIA MHCTUTYT OHKONOTUN 1 paauonorumy, Anmartbl, Pecny6nuka Kazaxcras;
2HAQ «Ka3axcKuii HauMoHabHbIii MeguuuHckiil yHusepcutet umenn C.J1. Acpenausposar, Anmatbl, Pecny6nuka Kasaxcran

Axmyansnocmo: Anemus — pacnpocmpaHenHvlll 2eMamoio2udecKuti CUHOPOMOM, 0COOEHHO CpeOu OHKOIOSUYECKUX NAYUEHTNO8.
Temompancgysus ocmaemcs 0CHOBHbIM MEMOOOM KOPPEKYUU anemuu, OOHAKO eOUHCMBEHHbIM Kpumepuem Ois ee HA3HAYeHUs
CRYACUM YPOBEHb 2eMO2NI0OUHA, KOMOPWILL He ce20a ompaicaen 00CmagKy KUCiopood. B cesazu ¢ amum uzyuaromes aibmepHamughvie
mpuzeepsl mpancgysuu: sxempaxyus kucropooa (O,ER), napyuanviioe dagrenue Kuciopooa 6 yenmpansioi eenosnot kposu (Pv0,),
yposenv nakmama (Lac) u eenoapmepuanshas paznuya no napyuaibHomy 0agirenuio yeiexkuciozo eaza (ACO2).

Hens uccnedosanus — oyenums eausnue cemompancgysuu wa O,ER, PvO, Lac u ACO, y onxono2uueckux nayuenmos c arnemuel
U onpeoenums 603MONCHOE NPUMEHeHUe NoKa3ameJell 8 Kauecmee Pu3uoI02UYecKux mpuzeepos mpancoysuiL.

Memoowi: [Iposedeno npocnekmusHoe obcepsayuonHoe ucciedosanue, sxkniovusuiee 107 oHKon02UUeCKUX NAYUEeHMOo8 ¢ aHemuell,
mpebyroweil eemompancgyzuu. Bcem nayuenmam ulnOIHAIU 3a60p ApMePUAIbHOl U YEHMPATbHOU 6€HO3HOU Kposu 00 U uepes
1 uac nocne mpancghysuu. Oyenusanuco xonyenmpayus 2emoznoouna (Hb), PvO,, Lac, O,ER u ACO,. [{nsa cmamucmuueckozo anaiusa
UCNONBL306ANUCH Kpumepuil Yunkokcona u koagguyuenm paneosoii koppeasiyuu Cnupmena.

Pezynomameut: [locie cemompancghysuu Haba00AI0Cs CIMAMUCIMUYECKU 3HAYUMOE VIYUlUleHUe KIHUeblX napamempos:

* O,ER cnusunca ¢ 35,4% (31,8; 41,9) 0o 29,3% (26,0; 33,4) (p<0,001);

* PvO, ysenuuunca c 34,8 (32,7; 38) 0o 36 (34; 39) mm pm. cm. (p=0,005);

-ACO; cnusuncsac 7 (5,2, 8,6) 00 6,3 (4,9; 7,7) mm pm. cm. (p=0,004);

 Lac usmenuiaca neznauumensro: 1,1 (0,9; 1,7) oo 1,0 (0,6; 1,55) mmonv/n (p=0,005), ocmasascwv 6 nopme.

Ananus xoppensayuii noxasan, umo PvO, ACO, u Lac umenu cmamucmuyecku sSHauumyro c6a3b ¢ ucxoonvim yposiwem O,ER, oonako ne
Koppenuposau ¢ 6azosuim ypogrem cemoznobuna (p>0,05). Imo noomeepacoaem, umo yposens Hb ne ompasicaem ucmunmnyto nompeonocms
6 0ocmaske KUCaopood, a (husuonocudeckie MapKepvl Mo2ym Obims HA0eHCHLLMU Kpumepusamu 011 HA3HAYeHUus mpanchysuu.

Boisoov: Usmenenus O,ER, PvO, u ACO, nocne zemompancysuu no3eonsiom paccmampueamo ux 6 Kaiecmee mpuzeepos
mparcysuu. B omauuue om ypoeus eemo2no0una, oHu mouHee OMpaANCcaiom CHUMNCEHUs 8 00cmagke Kuciopooa. Jlakmam ne modcem
ObIMb HAOEHCHBIM MPULLEPOM MPAHCPY3UU 8 OAHHOM UCCTe008ANHUU, MAK KAK €20 YPOBEHb 0CMABAICA 8 npedenax Hopmbl. Heobxooumol
danvHeluue uccied08anus 8 OAHHOM HANPABIEHUU.

Kniouesvie cnosa: cemompancysus, anemus, SIKCmpaxyus KUciopood.
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