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EVALUATION OF THE EFFECTIVENESS
OF A CLOSED CIRCUIT IN COMPARISON
WITH AN OPEN CIRCUIT OF
CARDIOPULMONARY BYPASS

Tuishiev B.S., Bayzhan G.N., Samitova S.B.
JSC «A.N. Syzganov National Scientific Center for Surgery», Almaty, Kazakhstan

Abstract

Objective is to evaluate the effectiveness of closed-loop surgeries with the planned duration of cardiopulmonary
bypass more than 2 hours in the immediate postoperative period.

Materials and methods. A study was carried out in the clinic over 10 patients (average age 47-56 years) with
Diagnoses: Ascending aortic aneurysm, FC 3 aortic valve insufficiency, who underwent surgery for ascending aorta
replacement, aortic valve replacement with coronary artery reimplantation. The patients were divided into 2 groups, the
1st group (5 patients) is the control group using an open cardiopulmonary bypass circuit, the 2nd group (5 patients) is
the patients using a closed cardiopulmonary bypass circuit. The total time of cardiopulmonary bypass in both groups
was 125-187 minutes.

Results. In the 2nd study group, drainage blood loss significantly decreased, on average 60-100 ml compared to
the control group, where the average drainage loss was 600-1500 ml. The need for blood transfusion was 5.1% in the
2nd group, compared with 43.4% in the control group. In the study group 2, the number of platelets in the postoperative
period in patients was higher than in the control group.

Conclusion. This study shows that a closed circuit, compared to an open one, allows complex heart surgeries with
a planned duration of extracorporeal circulation of more than 2-3 hours.

XacaHabl KaH alHaNbIMbIHbIH allbIK CXeMaCbIMEH CasbICTbIpFaHAaFbl

TyWbIKTaNnFaH KOHTYPAbIH, TMiMAiNiriH 6aranay

Tynwmues b.C., baiixau IH., CamutoBa C.b.
«A.H. CbI3FaHOB aTbiHAaFbl ¥NTThIK FbUTbIMU XUPYpPrus optanbiFbl» AK, Anmarsl k., KasakcraH

AHxpatna

3eprTeyain Makcatsl - 0TafaH KeviiHri ke3eHae XocnapaaHFaH XacarAbl KaH afiHabIMbIHbIH Y3aKTblbl 2 caFarTaH
acarblH, Xa0blk KOHTYD apKblibl 0NepaLUSINapabiH TMiMAINIriH 6aranay.

3eprTey marepuangapsl MeH agictepi. Knuuukaga XyprisinreH 3eprreyre MbiHajay awarHo3dgap KovibinraH 10
Haykac (opta ecenneH 47-56 Xac) KatbiCTbl: 6piemMe KOJIKaHbIH aHEBPU3MACH, 6pAeMe KOJIKaHbl npoTe3aey onepa-
umsnapel xacanraH ®K 3 aoprasnbiK KaknakwachlHbIH XETKiKCi3airi, KOpOHap/blK apTepUSNapAbIH PeUMIaHTALNS -
cbl 6ap Konkanslk kaknakia. Haykactap 2 tonka 6eningi, 1-1on (5 Haykac) — alublk XacaHgbl KaHaiHaabIM KOHTYDbI
naviganasbiiraH 6akbinay To6bl, 2-1om (5 Haykac) — XabbiK XacaH/bl KaHasiHaIbIM KOHTYPbI nasaanaHbliraH Haykactap.
Eki TonTarbl Xacangbl KaH asfiHasbIMbIHbIH Xannbl yakbiTel 125-187 MUHYTTbI Kypasbl.

Harmnxenepi. 2-tonta 6akbinay T06biMeH canbicToipraraa opraiua 60- 100 mn, KaHHbIH ADEHAXABIK LibIFbIHAADS! €A3YID
TOMeHaesi, MyHaa opTala apeHaxasiK weirbingap 600-1500 mn. bakbinay To0biHAars 43,4%-0€H canbiCTbiprana, 2-
Haykactapaa TpombounTTep caHbl bakbinay ToObiHA KaparaHzaa XoFapbl 00/4bl.

KopsiTeiHabl. Byn 3eprTey xabblk KOHTYDAbIH alublK KOHTYPMEH CanbiCThipFaHAa XOCNapiaHFaH XacaHgbl KaH
aviHanbIMbIHbIH Y3aKTbiFbl 2-3 caraTTaH acaTbiH KypAeni Xypek onepauusnapbiHa MyMKiHaik 6epeTitiH kepceTesi.



OueHka 3pPeKTUBHOCTU 3aKPbITOrO KOHTYpa B CpaBHEHUU C OTKPbITbIM

KOHTYPOM UCKYCCTBEHHOr0 KpOoBOOOpaLLeHus

Tynwmes b.C., baiixau IH., CamutoBa C.b.
AO «HauuoHanbHbli1 Hay4HbIN LEHTP xupyprum uM. A.H. CebidraHoBa», I. Anmatbl, KazaxctaH

AHHOTayuns

Llenb nccnenoBanns - oUeHUTb 3YPEKTUBHOCTL ONepaLmii C 3aKpbITbIM KOHTYPOM, C MAGHUPYEMON ANTEIbHOCTBIO
UCKYCCTBEHHOI0 KpOBOOOpaLLeHus Bosee 2-X 4acoB, B BmxXaiLiemM nocaeonepaymoHHoM nepuoge.

Marepuansi v MeTOAbI UCCAEA0BaHUS. B KiMHMKE MPOBEAEHO NCCAEA0BaHNE, B KOTOPOE Bkmoynmm 10 naumeHToB (B03-
pacr B cpeaHem 47-56 net) ¢ gnarHozamu: AHeBp13Ma BOCXOASALLEN aopTbl, HEAOCTATOYHOCTb A0PTaNbHOI0 kKinanaHa ®K 3,
KOTOPBIM BbIMOSHEHBI ONepaLmy NpOTe3UPOBaHNE BOCXOAALLEV a0PTbl, A0PTaNbHOIO KAanaHa ¢ PeuMiaaHTaumnes KopoHap-
HbIx apTepuid. [aymneHTs! 6bLv pasaeneHbl Ha 2 rpynibl, 1-asg rpynna (5 naumeHToB) naumeHTsl — 370 KOHTPOIbHAS rpynna,
C UCI0SIb30BAHNEM OTKDBITOIO KOHTYPa UCKYCCTBEHHOrO kKpOBOOOpaLLeHus, 2-as rpynna (5 naumeHTa) — aTo nauueHTsl ¢
UCIO0/Ib30BaHUEM 3aKPBITOr0 KOHTYPA UCKYCCTBEHHOrO kpoBoobpalleHus. Obluee BpeMs UCKYCCTBEHHOIO KDOBOOOpalLe-
Hus B 06eux rpynnax coctasuio 125-187 muH.

Pesynbtarsl. Bo 2-oii uccnenyemoii rpynne 3Ha4uTeIbHO CHUSUANCH APEHAXHbIE MOTEPYU KPOBY, B cpeaHem 60-100 ma
10 CPABHEHWIO C KOHTPOJILHOM rPYMoN, IAe B CPeAHEM ApeHaxHbie notepy 600-1500 mn. [lotpebHocTy B nepeamBaHnm
kposu 5,1% Bo 2-oii rpynne, no cpaBHeHuto ¢ 43,4% B KOHTPOMLHOM. B nccnenyemoii 2-04 rpynsl KonM4ecTso TpoM60-
LMTOB B 110C/IE0NEPALIMOHHOM NEPUOAE Y NALIMEHTOB BbINIO BbILLE, YEM B KOHTPOJIbHOM rpYmre.

SaknoyeHne. 910 nccnenoBanmne nokasbiBaeT, YT0 3aKPbITbIN KOHTYD B CPABHEHNN C OTKDAITbIM, 103BOJSIET NPOBOAUTH

C/I0XHbIE OnepaLmmn Ha CepaLe ¢ MIaHnPyeMoii ANNTEbHOCTBI0 UCKYCCTBEHHOTO KpOBOObpaLLeHus Gosee 2-3 yac.

Introduction

The closed circuit technique is that during ar-
tificial blood circulation from the right sections of
the venous line enters a soft airless reservoir of the
type of hemocon V 1600 ml, then through the line,
which is connected through a centrifugal pump, is
supplied to the oxygenator and through the arte-
rial line to the aorta. Coronary, additional, left-hand
suction is connected to a solid reservoir with a filter
(V 3L) and is connected to a soft reservoir through
a 1/4 "line. The flexible reservoir is installed ver-
tically on the holder, the inlet of the venous line,
the inlet of the perfusate coming from the coronary,
additional left suction, the outlet to the line with
a centrifugal pump to the oxygenator, the arterial
line, the aorta are located at the bottom of the soft
reservoir. When air enters the soft reservoir through
the venous lines, they are removed through the line
connected to the coronary suction, on which there
are valve adapters located in the upper section of
the soft reservoir. Air ingress is practically impos-
sible [1,2,3].

At present, the issues of coagulopathy during
cardiac surgery with the planned duration of arti-
ficial circulation of more than 2 hours are still be-
coming relevant, since this method is based on the
blood flow outside the body along non-biological
surfaces. Using the closed circuit method, which
avoids contact of the perfusate with external air
and excludes mechanical trauma to the blood in
the centrifugal pump, which makes it possible to
perform cardiac surgery in patients with a high risk
of coagulopathy in the immediate postoperative pe-

riod and surgery with the planned duration of car-
diopulmonary bypass [4,5,6,7,8,9].

Materials and methods

In the clinic of JSC "National Scientific Center
of Surgery named after A.N. Syzganov "a study was
conducted, which included 10 patients (average
age 47-56 years) with Diagnoses: Aneurysm of the
ascending aorta, aortic valve insufficiency FC 3.
Patients were divided into 2 groups, the 1st group
(5 patients) patients are the control group, using
an open circuit of artificial blood circulation, the
2nd group (5 patients) - these are patients using
a closed circuit of artificial blood circulation. The
average time of cardiopulmonary bypass in both
groups is 125-187 minutes.

Results

A comparison of the two groups revealed a sig-
nificant decrease in hemoglobin, hematocrit, eryth-
rocytes after surgery with an open circuit of artificial
circulation. Blood loss after sternum closure up to
12 hours after surgery in the control group and the
comparison group was 900 ml + 78 and 200 + 74.
The hematocrit level (1 hour after surgery) in the
control group and the comparison group was 27 +
3.25 and 35 + 3.89. The hemoglobin level (1 hour
after surgery) in the control group and in the com-
parison group was 103 g /I + 10.55 versus 115 g
/1 £ 13.16. The level of erythrocytes (1 hour after
surgery) in the control group and in the compari-
son group was 3.4x10™ /1 + 0.35 and 4.3x10? / | +
0.52. The level of platelets (1 hour after surgery) in
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Figure 1.
Connection scheme for
closed cardiopulmonary
bypass (Raed A., 2012)

the control group and in the comparison group was
126x10° | = 10.0 and 234x10° | + 12.4. The creati-
nine level (1 hour after surgery) in the control group
and in the comparison group was 0.272 mg /dL £ 72
and 0.275 mg / dL & 71. The urea level (1 hour after
surgery) in the control group and in the comparison
group was 34.5mg /dL+ 7.2 and 37.7 mg / dL +
9.5. Control laboratory tests: (16 hours after sur-
gery) the hematocrit level in the control group and
in the comparison group was 37 = 3.2 and 44 + 3.6;
the hemoglobin level in the control group and in the
comparison group was 105g/1+10.2and 115g /|
+ 12.4; the level of erythrocytes in the control group
and in the comparison group was 3.74x10" and
4.4x10" £ 0.446; the level of creatinine in the con-
trol group and in the comparison group was 1.030
mg / dl = 0.192 and 1.034 mg / dl + 0.213; the level
of urea in the control group and in the comparison
group was 32.3 mg / dl = 9 and 38.5 mg / dl + 10;
the level of leukocytes in the control group and in the
comparison group was 11.8x10° + 2.3 and 8x10°l +
10.3; the level of platelets in the control group and
in the comparison group was 220x10° | + 7.9 and
278x10° | £ 13.1. Transfusion of erythrocyte mass
and fresh frozen plasma, platelet suspension was
performed in the immediate postoperative period
for all 5 patients from the control group, and in the
2nd experimental group 2 patients underwent trans-

fusion of erythrocyte mass associated with blood
hemodilution in the postoperative period. There was
no lethality in both groups. In the 2nd study group,
drainage blood loss significantly decreased, on av-
erage 60-100 ml compared to the control group,
where the average drainage loss was 600-1500 ml.
The need for transfusion of blood components was
5.1% in the 2nd group, compared with 43.4% in the
control group.

Conclusion

The closed circuit technique allows avoiding
contact of perfusate in a soft reservoir (hemocon)
with external air, which is more physiological and
less traumatic for blood cells, in contrast to oxy-
genators with a solid reservoir, as well as using a
centrifugal pump that pumps perfusate into the ox-
ygenator. arterial line, the aorta without mechanical
clamping, which protects the blood from injury, in
contrast to the clamping mechanical pump, which
helps to prevent postoperative complications (he-
molysis, hepatic, renal, pulmonary failure, reduc-
tion of the general inflammatory response, etc.).
Reduces the risks of postoperative bleeding, re-
duces the need for transfusion of blood and its
components, which allows complex heart surgeries
with the planned duration of cardiopulmonary by-
pass more than 2-3 hours [4,5,9,10].

BECTHUK XUPYPTUN KA3AXCTAHA Ne 3 - 2021



References

Marco R., Giuseppe I. Minimally invasive cardiopul-
monary bypass: does it really change the outcome?
Doi: 10.1186 / cc5777
Benedetto U, Luciani R, Goracci M, Capuano F, Re-
fice S, Angeloni E, Roscitano A, Sinatra R. Miniatur-
ized cardiopulmonary bypass and acute kidney injury
in coronary artery bypass graft surgery Ann Thorac
Surg. 2009 Aug; 88 (2): 529-35. doi: 10.1016/j.atho-
racsur.2009.03.072. PMID: 19632407
Nollert G, Schwabenland I, Maktav D, Kur F, Christ
F, Fraunberger P, Reichart B, Vicol C. Miniaturized
cardiopulmonary bypass in coronary artery bypass
surgery: marginal impact on inflammation and co-
agulation but loss of safety margins. Ann Thorac
Surg. 2005 Dec; 80 (6): 2326-32. doi: 10.1016 /
j.athoracsur.2005.05.080. PMID: 16305899
Biktashev D.B., Lesbekov T.D. The value of a closed
circuit of artificial circulation in coronary artery bypass
surgery. Eurasian Journal of Cardiology 2017. #3., P. 17.
. Glenn P. Gravlee (2018) Hensley’s Practical Approach
to Cardiothoracic Anesthesia 6th Edition ISBN-13:

978-1496372666

Raed A Alsatli. Mini cardiopulmonary bypass: Anes-
thetic considerations Jan-Jun 2012;6(1):10-3. doi:
10.4103/0259-1162.103364.

Liu G, Zeng QD, Zheng Z, Wang GY, Diao XL, Zhang
X, Ji BY. Clinical application of modified minimally
cardiopulmonary bypass: compared with convention-
al cardiopulmonary bypass 2016 Aug 1;54(8):613-6.
doi: 10.3760/cma.j.issn.0529-5815.2016.08.012.
Woodman RC, Harker LA. Bleeding Complications
Associated With Cardiopulmonary Bypass. Blood.
1990;76:1680-97.

Perthel M, El-Ayoubi L, Bendisch A, Laas J, Gerigk
M. Clinical advantages of using mini-bypass systems
in terms of blood product use, postoperative bleed-
ing and air entrainment: An in vivo clinical perspec-
tive. Eur J Cardiothorac Surg. 2007;31:1070-5.

. Davy C.H Cheng, Janet Martin, Tirone David (2020)

Evidence-Based Practice in Perioperative Cardiac
Anesthesia and Surgery, Springer Nature Switzerland
AG ISBN: 9783030478865



