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Correction of congenital heart defects in newborns in the cardiopulmonary bypass is accompanied by volumetric fluid
overload. To eliminate this pathological condition an ultrafiltration method is used. The article presents the correction
analysis of the years 2012-2016 to 20 newborns with transposition of the great arteries with the use of two methods of
ultrafiltration during cardiopulmonary bypass: | group (n=10) — ultrafiltration, 1l group (n=10) — modified ultrafiltration
after cardiopulmonary bypass stop. The findings suggest that in the group which underwent a modified ultrafiltration, the
inotropic support index, the need for blood transfusion in the immediate postoperative period, the patient’s time spent
on mechanical ventilation was significantly lower than in the group of children which underwent ultrafiltration.
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Koppekumsa BpoXAeHHbIX MOPOKOB CepALa Y HOBOPOXAEHHbIX AETEN B YCIIOBUSIX UCKYCCTBEHHOIO KpOBOOOpaLLe-
HUSA conpoBoOXaaeTca 00 bEMHOI Neperpy3kon XnaKocTblo. [Ans ycTpaHeHUs 3TOro naTtosIorMiyeckoro COCTOSHNSA UG-
nonb3yeTcs MeTon ynerpadunsrpaumn. NpeacrtaBneH aHanna KoppekLmmn onepmpoBaHHbix B 2012-2016 rr. 20 HoBO-
POXAEHHbIX C TPAHCNO3ULMEN MarucTpasnbHbIX apTEPUI C UCNONb30BAHMEM ABYX METOO0B ynbTpaduibTpaummn BO
BPeMsi NCKYCCTBEHHOro kpoBoobpaleHus: | rpynna (n=10) — yneTpadunsTpaums, MoanduumpoBaHHas ynetpadusib-
Tpaums Nocfie 0OCTaHOBKN MCKYCCTBEHHOro kpoBoobpateHus — Il rpynna (n=10). MonyyYeHHble AaHHbIE CBUAETENb-
CTBYIOT, 4TO B rpynne, rae BbIMOAHANACb MOANPULMPOBAHHASA YbTPADUILTPALMS, MHAEKC MHOTPOMHOM NOAAEPXKN,
NnoTpebHOCTb B NPOBEAEHUM reMoTpaHCcdy3nn B Gnmkarem nocneonepauyuoHHOM nepnoae, BpeMs HaxoXAeHUs

nauneHta Ha NBJ1 LOCTOBEPHO HMXE, YEM B Fpynne AeTEN C NPOBOAMMON ynbTpadunsTpaumen.

KrntoueBbie cioBa: TPAHCNO3nLMs MarucTpabHbiX apTepui, YabTpapuasTpaums, MoaNOULMPOBaHHas Y/bTpa-

GunbTpayms

for congenital heart disease (CHD) is increasing
each year, including those executed in the neonatal
period [1].

One of the main intraoperative problems faced by
an anesthesiologist and a perfusionist is the violation of
child’s hydrobalance and its correction. The causes of
fluid overload may be the physiological characteristics of
children (the physiological hydrophilic of fabric, the imper-
fection of kidneys functions, as well as their post-opera-
tive injury), conducting cardiopulmonary bypass (CB) (the
mismatch of the circulating blood volume (CBV) of a child
and the primary volume filling the circuit of the CB device,
the introduction of exogenous fluids, the incompatibility
of the CB circuit materials and the patient’s blood, which
in turn can trigger an enzyme cascade, which leads to the
development of the capillary leak syndrome) [3, 15].

This pathological condition can be fixed by two meth-
ods of ultrafiltration: ultrafiltration (UF) during CB and
modified ultrafiltration (MUF) [6, 8, 9].
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According to the literature, the positive ultrafiltration
effects are: the reduction of myocardial edema, increased
blood pressure, decreased heart rate, decreased central
venous pressure, reduced need for inotropes [7, 11], im-
proved oxygenation and reduction of extravascular lung
water [4, 13], decrease in the severity of postperfusion
systemic inflammatory response (reduction of plasma
levels of proinflammatory cytokines), increased creati-
nine clearance and decreased total water content in the
body [2, 10], increased hematocrit (Ht) and coagula-
tion factors in the plasma, thereby - reducing the use of
transfusion media [5, 12, 14].

There is an ongoing and intensive study of the use of
ultrafiltration in the practice of child cardioanesthesiology.
Our interest is to evaluate the effectiveness of ultrafiltra-
tion in combination of anesthetic management during the
correction of transposition of the great arteries (TGA) in
newborns. The purpose of the research is to evaluate the
effectiveness of two methods of ultrafiltration in the cor-
rection of transposition of the great arteries in newborns.
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Material and Methods. The study included 20 neo-
natal patients with transposition of the great arteries
operated on in the Center of Perinatology and Pediatric
Cardiac Surgery from 2012 to 2016. All children under-
went radical correction of TGA — Jatene Operation. All of
the children were divided into two groups. The first group
consisted of 10 patients who underwent UF during car-
diopulmonary bypass, the second group — patients who
underwent MUF after stopping CB.

The technique of UF during CB: blood collection from
the aorta to the hemofilter by creating a vacuum in it up
to 40 mm water column, at a rate of 20—50 ml/min; blood
returns were to the venous reservoir. UF volume in the first
group was 52.7 (33.1; 77.6) ml/kg. The UF procedure
was performed until the Ht 30 %.

The methodology of the MUF.; after stopping CB blood
was collected from the aorta to the hemofilter by creat-
ing a vacuum in it up to 40 mm water column, at a rate of
100-250 ml/min; blood return were in the vena cava. MUF
time was 13.5 (11; 15) minutes. UF volume - 64.8 (50.0;
94.5) ml/kg. The UF procedure was performed until the
Ht 40 %.

All patients underwent arterial switch of the main ar-
teries in the conditions of artificial blood circulation (per-
fusion index to 2.5-3.2 L/min/m2) and moderate hypo-
thermia (32 (31; 32)°C) with occlusion of the aorta, blood
pharmaco-cholic cardioplegia.

Premedication in most cases was not used. Benzodi-
azepines (bryuzepam at a dose of 0.1-0.2 mg/kg) were
used to the children of older age given their emotional
stresses and a strong fear of the operation.

Induction was performed by rapid «bolus» induction
with sevoflurane followed by propofol (2 mg/kg), fen-
tanyl (5 mg/kg), pipecuronium bromide (0.1 mg/kg),
irrigation or nasotracheal intubation, mechanical ven-
tilation with «Avance» machine by «General Electric»
(USA) in the PSV mode. Infusion therapy was carried
using Ringer’s solution +5 % glucose solution at a rate
of 4 ml/kg/hour, increasing when necessary the rate of
infusion and using the colloidal solution (albumin, 10 %)
depending on hemodynamic parameters. Systemic hy-
pocoagulation was carried out using heparin at a dose
of 3 mg/kg, achieving 5 minutes before the aortic can-
nulation the activated clotting time (ACT) in the range
of 460-600 seconds. Analgesia was carried out using
in a total dose of 5 mg/kg/hour before the skin incision
stage, and additionally to this introduced 5 mg/kg of fen-
tanyl before each skin incision and before sternotomy.
Before CB, in order to level the dilution effect, intrave-
nously was used fentanyl 5 mg/kg, pipecuronium bro-
mide 0.1 mg/kg. During perfusion, the administration of
propofol and fentanyl continued in the previous dosages.

During the operation and in the postoperative peri-
od the following parameters were monitored: heart rate,
invasive blood pressure, rectal temperature («Philips»
monitor), the control of acid-base condition; perfusion
balance, overall operating hemo-hydrobalance (ml); lev-
els of Sp02 (%) and lactate (mmol/l), glucose during CB.
All patients in the postoperative period for the purpose of
analgesia infusion of fentanyl conducted at 3 mg/kg. The
criteria for possible extubation were clear consciousness
without neurological deficit, stable performance of he-
modynamics, adequate blood gases, no bleeding.

The dynamics of indicators of circulation and labo-
ratory data were evaluated on eight stages: | — prior to
surgery (baseline); Il — prior to CB; Il — after CB; IV — af-
ter the MUF, V — after surgery; VI — 6 hours after surgery;
VIl — 24 hours after surgery; VIl — 48 hours after surgery.

Statistical data processing was carried out using the
statistical software package StatPlus Professional 5.8. In

intergroup comparisons Wilcoxon T-test, U-test Mann -
Whitney were used. Results were considered authentic at
the level of significance p<0.05. Results are presented as
the median (M) and percentiles (25; 75).

Results and Discussion. The studied groups were
comparable with respect to weight of patients, but dif-
fered significantly in age (Table 1). The inotropic support
prior to operations needed 50 % of the patients of the
second group, unlike 10 % in the first group. To assess
the patient’s need for inotropes we used the inotropic
support index (IS) — the amount of dosage of cardiotonic
drugs, mg/kg/min, multiplied by a correction coefficient,
which was equal to 1 for dopamine and dobutamine, and
100 for epinephrine and norepinephrine. After the cor-
rection of TMA the IS was significantly higher in the ultra-
filtration group immediately after surgery and remained
high at the end of the second day after surgery (Figure).

Table 1
The distribution of children according
to age and body weight
: UF group, MUF group,
Indicator n=10 n=10 p
Age, days | 13.5 (11.5; 15.0) | 10.0 (9.5; 12.5) | >0.05
Weight, kg| 3.28 (2.9; 3.87) [3.33 (2.97; 3.49)| >0.05
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Fig. Inotropic support index: 1 — initially; 2 — before CB;
3 - after CB; 4 — after MUF; 5 — after operation;
6 — 6 hours after operation; 7 — 24 hours after operation; 8 — 48
hours after operation

Ultrafiltration volume and moisture balance at the end
of the CB was calculated in ml/kg. UF volume between
the groups did not differ significantly, reaching 52.7 in
the first group (33.1; 77.6) ml/kg, the second 64.8 (50.0;
94.5) ml/kg. At the end of the CB, a negative hydro bal-
ance was received in the MUF group, and a positive one in
the UF group. The hydro balance was positive by the end
of the first postoperative day in both groups and did not
differ between the groups. The infusion therapy during
the first day was significantly different, and was 11.3
(7.23; 14.45) ml/kg/h in the first group, and 7.77 (6.67;
9.61) ml/kg/h in the second group.

Groups did not differ in the level of hemoglobin and he-
matocrit before CB. After stopping CB and before the MUF
procedure, the second group had much higher hemoglobin
and hematocrit indicators comparing with the first group of
patients. Drainage loss rate did not differ significantly be-
tween the groups (Table 2). The need for blood transfu-
sions in the first day after the operation was 90 % in the first
group and 35 % in the second group. Groups did not differ
on the duration of CB and aortic clamping, but the duration
of mechanical ventilation (MV) in the second group was
significantly lower than in the first group. We also noted the
tendency of a less length of stay of the patients on the sec-
ond group in Intensive Care Unit (ICU) (Table 3).
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Table 2
Intraoperative dynamics of hemoglobin and
hematocrit, the rate of drainage losses
of the first postoperative day

: UF group, MUF group,
Indicator n=10 n=10 p
Hemoglobin, g/I
Initial 144.5 (123; 156)| 127 (123; 143) |>0.05
After CB 90.5 (89; 110) |137 (113.5; 155.0)| <0.05
Hematocrit, %
Initial 40.5 (34; 46) 39.5 (37.5; 39.5) | >0.05
After CB 27.5 (23; 30) 39.5 (32.5; 43.0) | <0.05
Drainage 0.73 0.58 (0.46; 1.04) | >0.05
loss rate, (0.52; 1.97)
ml/kg/h
Table 3
Influence of ultrafiltration on during
the perioperative period
: UF group, MUF group,

Indicator n=10 n=10 p
Duration of aor- 50.5 61 (49; 69) >0.05
tic clamping, min| (44.5; 53.0)

Length of CB, 85.5 107 (99; 119) | >0.05
min (79.5; 138.0)
Length of MV, h 244.5 124.5 <0.05
(213; 336) (90.5; 229.5)
Length of stay 288 190 0.067
in ICU, h (260; 333) (128.5; 318.0)
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