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Preoperative Correction of Anemia of Chronic Diseases and Application
of Bloodless Technology in Mitral and Aortic Valve Replacement

Abstract. The article is dedicated to the optimization of the treatment of postoperative anemia in patients with
mitral and aortic valve replacement through blood saving technology (BST).

The aim. To investigate the preoperative combined effect of iron (I1II) hydroxide and erythropoietin on the level of
postoperative anemia after mitral and aortic valve replacement (MAVR) through BST in the conditions of artificial
circulation.

Material and methods. Preoperative levels of Hb, Ht, iron, and enzymes were studied in 53 patients with com-
bined mitral and aortic heart defects. All the patients are divided into groups A, B, C. Patients with normal levels of
Hb, Ht, RBC, iron were divided into groups A and B. Patients of group A were operated with the use of donor blood
components, and in group B - no donor blood components were used. In group C where the patients had low iron
values, preoperative iron correction and erythropoietin stimulation were performed. Operations in group C were
performed using BST.

Results. According to the study results, the patients of group A needed sufficient volume components of donor
blood (621.0 + 103.0 ml of red cell mass and 713.0 + 89.0 ml of fresh-frozen plasma) in the operative period.
MAVR with BST in group B was possible without transfusion of donor blood preparations, however, Hb decrease
by 17.1% dictated the need for preoperative preparation of donor blood components.

Correction of low levels of preoperative serum iron in group C resulted in its 8.9-fold rise compared to the pre-
operative level, as well as Hb increase by 5.8%. The use of BST during MAVR reduces postoperative anemia by
7.7% and helps to avoid transfusion of donor blood components.

Conclusions. Correction of low preoperative levels of iron and erythropoietin in patients with mitral and aortic
heart defects reduces the level of postoperative anemia after operations with mitral and aortic valve replacement
through BST.

Keywords: anemia, iron (I11) hydroxide, mitral and aortic heart defects, blood saving technology, artificial circula-
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Replacement of two or more heart valves, especially in
cases of coronary artery bypass, is accompanied by pro-
longed artificial blood circulation, trauma, heavy blood
loss, hemolysis, and numerous complications in various
organs and systems. During the operation, large volumes
of donor blood components are transfused causing mi-
crocirculation disorders and multiple organ failure. It
is sometimes dangerous to transfuse donor blood com-
ponents because of possible transmission of bacterial,
viral, and other pathogens [1, 2], as well as because of
increased immunosuppressive effect of transfused blood
products [3, 4]. Anemia of chronic diseases (ACD), iron
deficiency anemia (IDA) or any combination of these con-
ditions with other somatic diseases is found in a signifi-
cant proportion of patients with cardiovascular diseases.
In 2017, the Association of European Cardiac Surgeons
and European Cardiac Anesthesiologists published a

guideline on tactics and strategies for the treatment of
surgical bleeding, correction of anemia and other pathol-
ogies with reduced blood clotting and iron levels [5, 6].
A positive strategy is to fill up the iron deficiency by in-
travenous iron-containing fluid administration [7]. The
correction of iron deficiency increases exercise tolerance,
improves the quality of life and decreases mortality [8].
Taking into account all these facts and the increased in-
terest in blood-saving technologies (BST) [9, 10], we have
conducted a study to determine the preoperative level of
iron in patients with combined acquired mitral and aor-
tic heart defects (MAHD). The aim of this study was to
investigate the efficacy of preoperative correction of iron
and erythropoietin levels in patients with MAHD accom-
panied by ACD, as well as the influence of such correction
on postoperative anemia in cases of surgical interven-
tions under artificial circulation (AC).
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Material and methods. The study included 53 patients
treated at the Department of Surgery for Acquired Heart
Defects who were diagnosed with combined MAHD with
stenosis domination, valve insufficiency or combination
thereof (Table 1). The patients were diagnosed with mitral
and aortic heart defects with circulatory disorders (CD)
belonging to the HYHA FC III-IV. According to the history
and coronary angiography data, 17 patients (32.0%) were
diagnosed with coronary heart disease (CHD), 12 (70.5%)
of them having undergone coronary artery bypass graft-
ing (CABG). In all the cases biochemical control of serum
iron (SI) and transferrin (TN) levels was carried out by a
photometric method (Beckman Coulter AU 480 analyzer),
ferritin (FN) was determined by chemiluminescence. Hb,
Ht, and blood cells were calculated using SYSMEX XP-300
hematology analyzer.

Patients with SI and normal enzyme values were ran-
domly divided into A and B groups. The patients of group A
underwent mitral and aortic valve replacement (MAVR)
with the use of donor blood fractions during surgery. In
patients of groups B and C, autologous blood was trans-
fused during the MAVR.

The patients of group C had low baseline Hb, Ht, eryth-
ropoietin, and SI levels. They had a history of chronic in-
fectious diseases and were classified as those having ACD.
Given the initially increased preoperative C-reactive pro-
tein and decreased erythropoietin levels, erythropoiesis
was stimulated with erythropoietin. One week before the
operation, 30,000 units of erythropoietin were adminis-
tered. In the patients’ history there were no data concern-
ing iron deficiency anemia. Taking these data into consi-
deration, a week before surgery the preoperative correc-
tion of low Sl levels was provided with iron (III) hydroxide.
During the first week, 1000 mg of the drug was adminis-
tered intravenously, but not more than 600 mg per day. In
accordance with the Recommendations of the European
Associations (EACTS, EACTA 2017) for patients with ane-
mia, we adjusted the level of iron and erythropoietin, and
then performed MAVR in the conditions of artificial cir-
culation through BST without the use of donor blood. For
the groups B and C, donor red cell mass and fresh-frozen
plasma (FFP) were prepared taking into account the pa-
tients’ blood type and Rh status; the platelet mass was also
prepared for surgery and could be transfused as needed.

The study was conducted in 3 stages:

Stage 1 of the study was performed one week before
surgery in all 3 groups.

Stage 2 of the study was performed only for the group C
patients with initial anemia, 7 days after correction of low
SI levels with iron (III) hydroxide and erythropoietin. This
stage coincided with the beginning of the operation. In pa-
tients of this group, no blood transfusion was performed,
and the intervention was carried out through BST.

At the stage 3, all the research works were performed
with the patients of the groups A, B, and C after the surgery.

For the groups A and B, the following general crite-
ria for MAHD surgical correction in AC conditions were
developed and implemented:

a) no history of anemia and discontinuation of drugs with
effect on blood clotting 7 days before surgery;

b) anesthesia: central venous pressure (CVP) = 5 mm
Hg). Arterial and mean arterial pressure (MAP) =2
110 mm Hg (BVC) 24.5 £ 0.3 L.

At the first stage of the study, the initial laboratory pa-
rameters in A and B groups were not lower than the fol-
lowing ones: Hb: 141.0 * 3.2 g/L, Ht: 0.40 = 0.03%, plate-
lets: 274 + 42 x 10°/L, RBC: 4.3 + 0.23 x 10'2/L, protein:
69 +4.2 g/L.

The A group included 17 patients with preoperative
baseline levels of Hb, Ht, and RBC within the physiological
norm. Among this group patients there were 11 (64.7%)
men and 6 (35.3%) women aged from 32 to 67 years
(mean age: 45.7 * 6.4 years).

The B group (22 patients) was characterized by normal
levels of Hb, Ht, and RBC. This group included 13 (59.0%)
men and 9 (41.0%) women aged from 38 to 59.3 years
(mean age 47.9 * 4.6 years).

On the stage 1 of the study the C group included pa-
tients with initially low values of Hb (131 + 3.7 g/L), eryth-
ropoietin (4.7+1.9 mU/mL) and SI (7.48 pmol/L + 4.9
umol/L), their state was interpreted as moderate anemia.

The C group included 14 patients, 8 (57.1%) men and
6 (42.9%) women, their mean age being 43.8 £ 5.7 years.

Anesthesiological support was performed by one
anesthesiologist according to a unified method for all
groups. After the central venous line placement, autolo-
gous blood was collected and deposited with normovole-
mic hemodilution (NVG) using 6% hydroxyethyl starch
solution up to 8-10 ml/kg. The reinfusion of autologous
blood was performed after complete cessation of the sur-
gery, warming the patient to 37°C, and stabilization of
hemodynamics.

Results. Combined acquired heart defects in different
variations were presented for all patient groups studied
(Table 1).

Table 1

Characteristics of groups with combined heart disorders
(combined MAHD)

GroupA GroupB  Group C
Index (n=17) (n=22) (n=14)
Mitral stenosis + aortic 2 1 2
stenosis
Mitral stenosis +aortic 3 4 1
insufficiency
Aortic stenosis + mitral 5 9 7
regurgitation
Aortic insufficiency + mitral 7 8 4

regurgitation
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Table 2
Disease etiology in patients with combined MAHD

Etiology of mitral and Group A GroupB  Group C
aortic heart defects (n=17) (n=22) (n=14)
Rheumatic diseases (n=14) (n=18) (n=11)
% 82.3% 81.8% 78.5%
up to 5 years (n=3) (n=4) (n=3)
% 21.4% 22.2% 30.0%
up to 10 years (n=11) (n=14) (n=7)
% 78.6% 77.8% 70.0%
Non-rheumatic diseases (n=3) (n=4) (n=3)
% 17.7% 18.2% 21.5%
Total 100% 100% 100%

In all patients with combined MAHD, the etiology of
disease detected for the last 5 and 10 years of life was
traced (Table 2).

According to the data shown above, there was pre-
dominance of patients with rheumatic MAHD etiology. The
largest was the group of patients who were ill over the last
5-10 years. The initial levels of Hb, Ht, SI, enzymes, blood
cells on the first stage of the study in patients of A and B
groups were in the normal range. The patients of group C
had baseline decrease in Hb and Ht values. There were
also a SI decrease and an increase of C-reactive protein ac-
tivity which is an indicator of preoperative anemia caused
by chronic diseases (Table 3).

The leading role in this process was played not only
by iron deficiency [11], but also by activation of auto-
immune processes inhibiting germ erythropoietic cells.
Some authors explain the mechanism of anemia accom-
panied by chronic heart failure (CHF) by the worsen-
ing of this disease as well as by increase in the NYHA
functional class (FC) [12], heart failure (HF), increase
in the left ventricle myocardial mass, and the frequency
of complications [13]. The TN level in all three groups
was normal.

In patients of group C, the stage 2 of the study was per-
formed on the day of surgery. After correction of low SI lev-
els, the levels of Hb and WBC increased to 5.8% and 14.3%,
respectively (*p <0.05) - an improvement which may be
due not only to the increase in young RBC forms, but also

Table 3

to the immune response following the iron (III) hydroxide
infusion.

Preoperative correction of iron and erythropoietin lev-
els in patients of group C resulted in SI 8.9-fold rise com-
pared to the initial level (*p <0.05), but the TF activity
decreased by 14.2% (*p <0.05). After the correction the
iron transferrin saturation coefficient (ITSC) increased
by 25.8% (*p <0.05), and the level of FN increased by 6.7
times (*p <0.05). At the same time, the serum iron-binding
capacity (SIBC) value became higher by 31.1% (*p <0.05).

Discussion. The collection of autologous blood was
carried out from the beginning of the operation until artifi-
cial blood circulation fully takes over. In the A group, donor
blood preparations (621.0 + 103.0 mL of red cell mass and
713.0 £ 89.0 mL of FFP were used during MAVR to cor-
rect operative anemia. BPT were used during the MAVR in
patients of the groups B and C. Blood reinfusion was per-
formed in the reverse order from the collection of autolo-
gous blood after warming the patient to 36.6 °C (Table 4).
In the groups B and C, the autologous blood intake was
874.0 + 52.0 mL and 806.0 + 47.0 mL, respectively.

After surgery in group A patients, the HB level de-
creased by 5.0% (*p <0.05), and HT by 14.7% (*p <0.05).
Levels of RBCs and platelets decreased and amounted to
16.3% (*p <0.05) and 17.8% (* p <0.05) accordingly. The
average Hb concentration per RBC, as well as the average
Hb contents per RBC, slightly decreased. In patients of the
group A, the Hb and Ht stabilization during the operation
was maintained by massive transfusions of donor blood
components.

During the MAVR surgery in patients of the group B,
we used the BPT including intraoperative acute NVG with
pre-perfusion collection of autologous blood and its sub-
sequent reinfusion. In patients of the group B, after blood-
sparing operations, Hb and Ht contents decreased by
17.1% (*p <0.05) and by 15.0% (*p <0.05), respectively.
The number of platelets and RBCs dropped in this case by
32.2% (*p <0.05) and by 18.7% (*p <0.05), respectively.
The average Hb concentration and its average contents per
RBC decreased only slightly after the surgery (Table 5).

In patients of the group B, post-operative TF and iron
transferrin saturation coefficient (ITSC) were lower by
11.8% and by 10.4% (* p<0.05), respectively, proving not

Reactive C-protein and erythropoietin activity in the groups studied

Group A (n=17)

Group B (n=22)

Group C (n=14)

Index Before surgery After surgery Before surgery After surgery Before surgery After correction After surgery
rcn'gjic“"e protein, 22.7%8.2 26.1%9.7 253117 28+8.3 34+7.8* 51.3%10.5* 66.8£9.6*
Erythropoietin, 0.5%0.3 0.840.3 0.6%0.4 0.9%0.5 0.540.4* 1.3:0.5" 1.5%0.3
mU/mL

* p<0.05, the difference is statistically significant.
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Table 4

Characteristics of transfusions of donor blood and
autologous blood during MAVR operations

Group A Group B Group C
(n=17) (n=22) (n=14)
Donor RBCs, mL 621.0+103.0 - -
Fresh-frozen 713.0£89.0 - -
plasma, mL
Autologous blood, - 874.0£52.0 806.0+47.0
mL
Total, mL 1334.0¢76.0 874.0£52.0 806.0+47.0

only a decrease in the activity of the TF transport function,
but also a decrease in its iron saturation. With BST, post-
MAVR SI and serum iron-binding capacity (SIBC), values
decreased by 15.8% (* p<0.05) and 10.7% (* p<0.05), re-
spectively.

In patients of the group C after MAVR operations, there
was a trend towards Hb drop by 9.4%. The numbers of

RBCs and platelets at the end of the operation decreased
by 10.6% (* p<0.05) and by 24.2% (* p<0.05), respectively.
The Ht level decreased by 5.6% with a relatively slight de-
crease of the Hb content per RBC (Table 6).

At the end of the operation in patients of the group C,
the levels of SI and TF decreased by 7.1% and by 16.7%,
respectively, compared with the level post correction. The
TF increase by 35.4% (* p<0.05) activates the iron trans-
port to the target organs stimulating the iron intake in the
maturation process of new young RBC forms.

Conclusions. In 26.4% of patients with acquired mitral
and aortic heart defect and ACD, the levels of the SI and
erythropoietin become reduced by 2.0 times and by 2.5
times, respectively.

The correction of low SI content in group C with ACD
in the preoperative period increases its level by 8.9 times
(*p <0.05), and Hb by 5.8% (* p<0.05), while the activity
of FN becomes 6.7 times (*p <0,05) higher than the initial
value.

Stabilization of Hb levels in MAVR patients belonging
to the group A was achieved by volumetric transfusions of

Table 5
Changes in Hb, Ht and blood cells before and after MAVR surgery
Average Hb Average Hb
RBCGs, Platelets, WBC, concentration  contents per
Index Hb, g/L (x 10'%/L) Ht, % (x 10%/L) (x 10°/L) per RBC, g/dL RBC, pg
GroupA  Before surgery 141+3.2*  4.2#0.23"* 0.41%0.03" 288+34 7.2%1.8 32.5%1.4 33.4*1.6
(n=17) After surgery 134+3 01"  3.6+0.28" 0.35+0.02" 23749 8.8%1.5 30.7+1.3 31.0+1.8
Group B Before surgery 141+3.7*  4.3%0.25* 0.40%0.03'* 27442 8.1£2.3 31.5%1.8 32.8%1.2
(n=22) After surgery 117+£3.7*  3.5%0.16'" 0.34*0.02'*  186+33'" 9.4%2.5 30.2+1.5 29.4*1.7
Before surgery 131£3.7* 3.7%0.26 0.36+0.02 284%36 7.8+1.4%" 28.7+1.4* 30.7+1.9
(Grgff) C Aftercorrection  139%38°  38%016" 036003  298%#31*  9.1*11*  33115" 32.6+1.4
After surgery 126%4.4*  3.4%0.19  0.34*0.02 22637 9.9+1.7% 32.5%1.3 31315

* p<0.05, the difference is statistically significant.

Table 6

Dynamics of changes in iron and enzyme levels in the groups studied

Iron transferrin

Serum iron-binding saturation
Transferrin capacity (SIBC), Ferritin (FN),  Serumiiron (SI)  coefficient (ITSC)

Index (TF), g/L pmol/L ng/mL content, pmol/L ratio, %
Group A Before surgery 2.91%0.22 59.72+3.8 88.34%9.7 23.29%5.0 30.433.6
(n=17) After surgery 3.14%0.27 67.94%4.5 92.5248.3 22.35%4.1 31.24+38
Group B Before surgery 2.72%0.24 61.26%3.5* 86.63%7.1 24.82%4.6 30.07£3.4
(n=22) After surgery 2.40%0.31 54.73%4 4 73.59%9.0 20.93%3.8 26.97+4.1
Before surgery 2.62%0.34 52.47+4.6* 59.26%13.4" 7.24%4 5" 26.35%3.2*
(Gnrffjr’) ¢ After correction 2.25%0.20* 76.06%5.8" 398.17+40.8"  64.72%6.3" 35.51£4.0"
After surgery 3.48+0.33" 69.27%4.3 331.82+36.1 60.18%5.2* 36.13+4.7

* p<0.05, the difference is statistically significant.
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blood components [621.0 + 103.0 mL of red cell mass and
713.0 £ 89.0 mL of fresh-frozen plasma, which is about 1/3
of the BVC.

During MAVR operations using BST in B group patients,
the decrease in Hb by 17.1%, RBCs by 18.7%, platelets by
32.2%, indicates the need for preoperative procurement of
the necessary components of donor blood.

Preoperative correction of ACD with iron (III) hydro-
xide with stimulation of erythropoietin in patients of the
group C, in combination with BST during MAVR surgery
with AC decreases the level of postoperative anemia by
7.7% (*p <0.05) and reduce the probability of donor blood
components transfusion.
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MepeponepauiitHa KopeKLis aHeMii XpOHIYHMX 3aXBOPIOBaHb Ta 3aCTOCYBAHHSI 6@3KPOBHUX
TEXHOJIOTiM NpU NPOTE3yBaHHI MiTPaNbHO-aOPTa/IbHUX K/IAaNaHiB cepus

IymeHtok B. M., kaHA. Mea. HayK., CT. HAYK. CNiBPOBITHUK BiaAiNeHHS aHecTe3ioNorii, iHTEHCMBHOI Tepanii Ta kpoBoobiry, https://
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Y «HauioHanbHWiA iHCTUTYT cepLeBO-CyAMHHOI Xipyprii iMeHi M. M. AMocoBa HAMH YkpaiHu», M. KuiB, YkpaiHa

Pe3rome. CTaTTs npuUcBSYeHa oNTUMI3alil JiKyBaHHs MicjasgonepaniiHoi aHeMii y nalieHTiB i3 NpoTe3yBaHHAM Mi-
TpaJIbHO-a0PTaIbHUX KJIallaHIB ceplis 32 6e3KPOBHOI0 TEXHOJIOTIEI0.

Merta. [locnigutu nepesfonepauiinui koMbiHoBaHnui edekt 3aniza (III) rifpokcuy Ta epuTPONOETHHY Ha piBeHb
nicssionepaniifHoi aHeMii micsis mpoTe3yBaHHA MiTpaJbHOTO Ta aopTaabHOro KianaHis ([IMAK) 3a 6e3KkpoBHOIO TeXHO-

JIOTi€10 B yMOBaXx LITY4YHOT0 KPOBOOGIry.

Martepiasim Ta meTogu. Jloonepauiiini piBHi Hb, Ht, 3aniza Ta pepmenTiB mocaimkyBanu y 53 nanieHTiB i3 noea-
HaHUMU MiTpaJbHO-a0pTaJbHUMU BaZlaMu cepld. Bci nanieHTH po3gisneni Ha rpynu A, B, C. [lauieHTH 3 HOpMaJbHUM
piBHeM Hb, Ht, eputponuTis, 3asi3a, posaineni Ha rpynu A Ta B. [lanjieHTH rpynu A onepoBaHi i3 3acTOCyBaHHSM JIOHOP-
CbKHX KOMIIOHEHTIB KpOBI, rpynu B — 6e3 J0HOPCbKUX KOMIIOHEHTIB KpoBi. Y rpyni C, 3 HU3bKMMHU 3HAYeHHSIMU 3a/1i3a,
NPOBOJAMJIY NlepejionepaliliHy KOPeKILilo 3aji3a Ta CTUMYyJIsALi0 epuTponoeTuHoM. Onepauii B rpyni C npoBoau/u 3

BUKOPHUCTAHHSM KpoBo36epiratouux texHosorii (K3T).
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PesynbraTu. [IpeacTaBieHi pe3yabTaTy A0CAIIKEHHSI IOKA3yIOTh, 1110 MALiEHTH rpynu A B onepaniliHoMy nepiofi
noTpebyOTh 10CTaTHLO 06'€EMHHUX KOMIIOHEHTIB I0HOpPCchbKOi KpoBi (621,0 + 103,0 Mu1 Mmacu eputpouuTiB i 713,0 £ 89,0
MJI cBi>ko3aMopokeHoi 1a3MHu ). [IpoBeienHs onepaniii [IMAK i3 K3T y rpyni B Mox/inBo 6€3 nepesiiBaHHs penaparis
JLOHOPCbKOI KpOBI, NpoTe 3HMKeHHsA piBHA Hb Ha 17,1 % cTBOpIO€ HEOOXIJHICTb Y epeonepaliiiHii 3aroTisi KoMmno-
HEHTIB JJOHOPCHKOI KPOBI.

Kopekriisi HU3bKOro piBHA nepejonepaniiHoOro CMpoBaTKoBOro 3asisa B rpyni C 36isibiuye ioro nepegomnepaniiti
napameTpi B 8,9 pasa, a Hb - Ha 5,8 %. 3actocyBanHsa K3T nif yac [IMAK 3MeH1ye nicasionepauiiiny aHeMito Ha 7,7 %
Ta CNpUsi€ YHUKHEHHIO NTepe/IMBaHHs KOMIOHEHTIB JJOHOPCHKOI KPOBI.

BucHoBKM. Kopekllisi HU3bKUX NepeonepaliiHUX pPiBHIB 3aJ1i3a Ta EPUTPONOETUHY Yy XBOPUX i3 MiTpaJbHUMH Ta
aopTaJbHUMU XBOPO6aMHU ceplisl 3HMKYE piBeHb NicjsonepauiiiHoi aHeMii mic/s onepaniil 3 npoTe3yBaHHAM MiTpaJb-
HOTO Ta a0pTaJIbHOTO KJaanaHiB MetogoM K3T.

Kawouoei cnoea: anemis, 3aaiso (111) zidpokcud, mimpaibHO-aopmaabHa 8ada cepysi, MexHo102is1 Kpo8030epetceHHsl,
wmyyHull Kpogoooie.

CraTTta Hajila B pepaknio 25.01.2021 p.



