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Switching to warm blood cardioplegia
supplemented with magnesium sulfate:
what do we gain?

The aim - to evaluate the efficacy of intermittent warm blood cardioplegia using magnesium sulfate in patients
undergoing on-pump cardiac surgery.

Materials and methods. The study was performed in two groups of patients without significant differences
of preoperative clinical conditions, who underwent surgery with CPB. In the 1%t group (control) intermittent cold
crystalloid-blood cardioplegia (8-10 °C) was delivered every 20 minutes, rectal temperature decreased to 30.0+1.5 °C.
In the 2" group of patients temperature was maintained at 35.5 1.1°C applying warm blood cardioplegia according
to A. Calafiore (1995) and S. Casalino et al. (2008) protocol subsequently modified by adding magnesium sulfate to
all portion of cardioplegia and extending the period of ischemia up to 25 minutes. The frequency of spontaneous
cardiac rhythm restoration; emergence of the ECG changes; the frequency of cardioversion after reperfusion; the
requirements in inotropes during first two days after the intervention; release of CPK MB, Tn | and transaminases,
length of staying in ICU were studied.

Results. Apart from convenience of cardioplegia management, several features showing superiority of warm
blood cardioplegia were noted in the 2"d group. This group included fewer patients with cardioversions after
reperfusion; number of patients requiring inotropic support in the early days after surgery was more in the control
group; average length of stay in ICU was 2.5+0.3 for the study group and 2.9+0.4 days in the control group. There was
less myocardial damage in the study group confirmed by significant differences of CK MB and AST release (P<0.05).

Conclusions. Intermittent warm blood cardioplegia supplemented with magnesium sulfate makes possible to
safely extend the period of ischemia between reperfusions to 25 minutes and has a positive impact on some clinical
and biochemical parameters in the immediate post surgery period.

Key words: myocardium, protection, crystalloid-blood cardioplegia, blood cardioplegia, magnesium sulfate.

fter cardioplegic solution was first described

in 1955 by D. Melrose et al. [11], the technics
used have become more sophisticated and the
experience has been gained. A comprehensive
study conducted in 1992 at the University of
Nebraska, USA [14] has defined the most impor-
tant areas for research related to the myocardial
protection: reperfusion syndrome (cardiac
lesions); development of acute myocardial infarc-
tion; metabolic supplements for improving cardio-
plegia solutions.

Facts about advantages or disadvantages of car-
dioplegia methods presented by many research-
ers are extremely contradictory and arise many
questions [8, 3]. A particular problem is related to
the temperature of the cardioplegic solution. This
dilemma was first addressed by G.D. Buckberg in
1993 [5], but has not been solved until today.

Meta-analysis of randomized trials conducted by
Prof. Fremes and co-authors in 2006 [9] attempted
to answer the question about superiority of one or
other method of cardioplegia, comparing crystalloid
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cardioplegia (CC) with blood cardioplegia (BC).
It faced certain difficulties, noting, however,
superiority of BC. UK study presented by S. Jakob
etal. [10] showed that 56 % of surgeons use cold BC,
14 % — warm BC and 14 % — CC.

We have a positive experience of using combined
blood-crystalloid cold cardioplegia in original
interpretation [4] applied to more than 3000
patients. Different cardiac surgery centers show that
the incidence of myocardial contracture is between
20—-80 %, ventricular post ischemic dysfunction —
3-7 %, myocardial infarction — almost 20 % [12].
Therefore, there is an imperative need for new
strategies in cardiac protection.

The aim — to evaluate the efficacy of intermittent
warm blood cardioplegia using magnesium sulfate in
patients undergoing on-pump cardiac surgery.

Materials and methods

The study included 94 patients undergoing
CABG operation in the Republican Hospital,
Republic of Moldova, during period 2010—-2011.

Patients with renal failure and/or cardioversion
before surgery, EF < 35 % were not included in the
study. The inclusion of patients in both groups was
based on computer-generated random numbers. 49
patients were included in the group with warm blood
cardioplegia supplemented with magnesium sulfate
(WB CPL, 15t gr.) and 45 patients in the group
with cold blood-crystalloid cardioplegia (CBC CPL,
27 group). In both cases antegrade cardioplegia was
used in the aortic bulb. The clinical status of patients
did not differ in both groups, besides EF which was
even higher in the 2" group (table 1).

All patients gave the informed consent for
enrollment. We used the same type of anesthesia:
induction with midazolam (0.05 mg/kg), propofol
(1 mg/kg), and fentanyl (2.5 to 5 mg/kg), maintain-
ing with fentanyl (3 mg/kg) and propofol (2.5 to
5 mg/kg).

CPB was performed by cannulation of ascending
aorta and right atrium. For blood oxygenation
oxygenator Terumo Capiox CXSX 25 was used. The
prime solution included Ringer Acetate solution
1.2 1 with added sol. Mannitol 20 % 100 ml and
sodium bicarbonate, if applicable. The priming was
added by 1 ml of heparin. The prime solution
received heparin at rate 300 U/kg to achieve
activated clotting time > 480 s.

Surgical techniques. The same surgical
techniques were used in both groups. As material
for grafts, LIMA and saphenous vein were used.
Distal anastomoses were applied during cross-
clamping period. The proximal anastomoses were

Table 1
Clinical characteristics of patients included
in the study

Characteristics ‘(’:"ZES; ((::S i:;'
Male/Female 40/9 38/7

Age 57.70+0.97 56.30+1.12 >0.05
LVEF 59.2+5.1 62,8+6.4 <0.01
Body surface 2.00+0.10 1.98+0.14 >0.05
NYHA class Ill 38 35

NYHA class IV 11 10

tAir?gic damping ;5 5 73£20  >0.05
Hypothermia 35+ 1 311 <0.01
Number of distal 36407 35407 0.05

anastomoses

performed after partial clamping and restarting of
heart contractions.

Cardioplegia. Cardioplegia was administered in
the aortic root immediately after clamping aorta.
Patients operated under normothermia (WB CPL)
received whole blood based cardioplegia solution
derivated from oxygenator through a separate line.
Assembled circuit is shown in the figure. A mixture
of 22 % potassium chloride solution 35 ml and 25 %
magnesium sulfate solution 15 ml were loaded into a
pump-syringe of 50 ml. The volume of cardioplegia
is determined by diastolic left ventricular mass,
which should be multiplied by 2. The composition is
shown in table 2.

In the 2™ group cardioplegia solution was
achieved by mixing crystalloids under temperature
2—4 °C with blood in a 3:1 ratio. It was adminis-
tered every 20 minutes at temperature 8—10 °C.
Crystalloid = solutions were containing K*
(24 mmol), Na* (110 mmol), Ca?" (1.8 mmol) and
Cl~ (160 mmol). Additional doses of 500 ml were
administrated every 20—25 min. Body temperature
dropped to a minimum of 30 °C. Re-warming was
initiated after finishing last anastomose.

Laboratory tests. Troponin I was measured
in blood samples taken after surgery. We used
CTn I Rapid Test Device (MK Bio GmbH,
Germany) — visual immunoassay for the qualitative
detection of cardiac troponin L. It helps to determine
the presence of troponin 1.

In blood creatine phosphokinase MB (Liquik
Cor-K test, Poland) and NAC immunoassay
(EliTech, France) and aspartate transaminase
activity were measured.
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Table 2
Modality to administrate warm blood cardioplegia

Where Aortic root

. Not to exacerbate
Line pressure

130 mmHg
CPL pump speed
(presumption of aortic valve 300 ml/min (£50 ml)
competence)

KCl - 200 ml/h (+ bolus
1-2 ml KCl, if needed)

KCl 90 ml/h
KCl 60 ml/h
KCI 60 (or 40) ml/h

| dose (immediately
after Xclamp)

Il dose (after 25 min)
Il dose (after 25 min)
IV (and further) each 25 min

Post surgery clinical data evaluation was based
on the amount of catecholamines administered
within 24 hours, duration of intubation, length of
stay in ICU.

A special aspect is heart rate restoration after
aortic declamping. Number of cardioversions was
recorded in each group. Extubation was carried out
as soon as patients were able to maintain adequate
gas exchange and hemodynamics.

Statistical methods. Two sample T-tests
were used to compare continuous variables and
the Pearson’s chi-square were used to compare

categorical variables. Differences were considered
statistically significant when p < 0.05.

Results and discussion

Since the qualitative determination of Troponin
I was made, positive results were considered at 12
hours after surgery. 1. Bird et al. [2] from Bristol
Heart Institute have observed troponin I peak
between 8 and 12 hours after aorta declamping dur-
ing bypass operations. In our case detection of tro-
ponin I revealed no difference between groups
(x>=0.887). A series of investigators [15] observed
lower blood troponins in WB CPL compared to any
other form of cardioplegia. The advantage of using
quantitative methods for determination of these
markers is obvious.

Most patients after cardiac operations show
increased release of creatine kinase MB fraction
(CK-MB) from 6 to 8 hours, returning to normal in
2-3 days, which corresponds to literature data [7].
Total CK activity tends to increase more slowly
after surgery reaching peak in about 21 hours. The
term of 12 hours allowed us to record differences in
patients of the study groups.

These tests have found better preservation of
energy phosphate transfer reaction (high energy
phosphates) to produce creatine phosphate for mus-
cle contraction in the 15¢ group with myocardial
protection by warm blood cardioplegia. Attempt

Figure. Warm blood cardioplegia circuit
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Table 3
Enzymatic markers of ischemia in patients

with CABG

Enzyme WB CPL CBC CPL P
CK-MB 76.9+11.4 139.4 + 25.7 <0.05
CK-NAC 656.4+60.7 1391.6+122.8 <0.001

to use aspartate transaminase as a marker did
not reveal any differences between study groups
(table 3).

The restoration of cardiac contractions in WB
CPL group showed greater capacity to restore the
rhythm. Among 49 patients, heart rhythm was
spontaneously restored in 43 persons. Six patients
required cardioversion, defibrillations’ total number
being 8. In the CBC CPL group 17 of 45 patients
(38 %) required cardioversion with a total of 24
defibrillations. AV block occurred equally often in
the study groups.

No differences were revealed regarding the need
in inotropes. Yet, among 37 patients of the 1st group
there were 6 (16 %) who required high dose ino-
tropic support; in the 2" group among 36 patients
5 (13 %) required high dosages of catecholamines.
Intraoperative positive fluid balance was more pro-
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PecnybnikaHcbka KniHiYHa nikapHs, Knwuwis, Pecnybnika Mongosa
MNepexia fo Tennoi KPoB'AHOI Kapaionnerii: B YoMy nepesara?

MeTa po6oT| — OLHUTU ePEeKTUBHICTL IHTEPMITEHTHOI TEM/Oi KPOB'AHOI Kapgionnerii 3 gogasaHHam Mgy
naui€eHTIiB, fIKi NepeHecn onepawito i3 3aCTOCyBaHHAM LUTYYHOIO KPOBOODIry.

Marepianu i meTogw. [locnigXeHHs NPOBOAUNN Yy ABOX rpyrnax NawieHTIB, iKi He Mann 3HavyLWMX BigMiHHOCTEN
B NepeponepauinHmx KniHiyHnx ymosax. Y 1-1 rpyni (KOHTPOJIbHIN) iIHTEPMITEHTHY XONOA0BY KPUCTaNOIAHO-KPOB'IHY
kapgionnerito (8-10 °C) npoBoannu KoxHi 20 XB, pekTanbHa TemMnepaTtypa 3HuxyBanacs go (30,0+1,5) °C. Y 2-i
rpyni (rpyna pocnigkeHHs) TemnepaTtypy niaTpumMyBanu Ha piHi (35,5+1,1) °C i3 3acTocyBaHHSIM Tenol KPOB'aHOT
Kapgionnerii BignosigHo fo npotokony A. Calafiore (1995) Ta S. Casalino i cniBaBT. (2008), 3MiHEHUM HaMW LIASXOM
JoJaBaHHS cynbdaTy MarHito y BCix fo3ax Kapaionnerii i NpoAoBXeHHs TepMiHy iwemii go 25 xB. [Jocnigxxysanu yactoTty
CMOHTaHHOTO BiAHOBNIEHHS CEpPLEBOro pUTMY, NosBy 3MiH Ha EKT, yacToTy 3actocyBaHHs KapaioBepcii nicns penepdy-
3ii, NoTpeby B iIHOTPOMHUX NpenapaTax NPOTAroM MepLUMX ABOX AHIB Nicns BTpyvaHHs, piBHi MB-KDK, TponoHiHy | i
TpaHcamiHas, TpMBanicTb NepebyBaHHS y BigAineHHi iHTEHCMBHOI Tepanil.

PesynbTaTtn. KpimMm 3py4yHOCTi y NpoBeAeHHI, BUSIBIEHO TaKi MepeBaru Tennoi KpoB'sHoI Kapaionnerii: y 2-1 rpyni
Bij3HaYeHO MeHLUY KiNbKiCTb XBOPUX, ¥ AKUX 3aCTOCOBYBanu KapgioBepcito nicns penepdysii (aTpioBeHTPUKYNSpHY
Onokany peecTpyBanu ofHakoBOIO YaCTOTOLD); KifbKiCTb MaLi€HTIB, ki MOTPebytoTb iIHOTPOMNHOI NIATPUMKKN B NeplLui
[Hi, Byna 3Ha4yHO B KOHTPONbHIN rpyni; cepefHs TpMBanicTb nepebyBaHHA y BiAAiNeHHI iHTEHCMBHOI Tepanii cTaHo-
Buna (2,5+0,3) nobwu ans rpynu gocnigxeHHs i po (2,9+0,4) nobu — ana KOHTPONbHOI rpynu. MNMolKoaXKeHHs Miokap-
Ja bynn MeHWMMKN B OCHOBHIN rpyni, WO NiATBEPAXKYETLCA iICTOTHAMM BigMIHHOCTSIMU Wwopao piBHiB MB-K®OK i ACT
(p < 0,05).

BUCHOBKMW. |HTEpMiTEHTHa Tenna KpoB'siHa Kapaionneris 3 aoaasaHHaM Mg?+ 3abesneuye 6esneyHe npopo-
BXEHHS TePMiHy ilwemii Mix penepdysiamu Ao 25 XB i NO3UTUBHO BNIMBAE Ha Aeaki KNiHiYHI Ta GioxiMiuyHi NoKasHUKM
XBOPWX Yy PaHHin nicnsonepauinHmMin nepioa.

Knro4oBi cnoBa: miokapf, 3aXmcT, KpUCTanoigHoO-KpoB'sHa Kapaioneria, KpoB'sHa Kapaionneris, MarHin.
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PecnybnukaHckas knmHuyeckas bonbHUua, KnwnHes, Pecnybnvuka MongoBa

Mepexopn K TeNNOn KPOBAHOW KapAUOMNernm: B 4em nNpemmyLectso?

Llenb paboTbl — OLeHUTb 3DHEKTUBHOCTb MHTEPMUTEHTHOM Terio KPOBSAHOWM Kapauonnernm ¢ obaeneHnem
Mg?* y naumeHTOB, KOTOpbIE NMOABEPrNNCL ONEepPaLm € MPUMEHEHNEM UCKYCCTBEHHOTO KPOBOOBpaLLeHUs.

Martepuan n meTopbl. ViccnegoBaHve NnpoBoAUAN B ABYX rpyrnnax nauMeHToB, He MMEBLUNX 3HaYMMbIX pa3nn-
YUK B NpefonepaunoHHbIX KNMHUYECKMX ycnoBusX. B 1-1 rpynne (KOHTPONbHOM) MHTEPMUTEHTHYIO XONOA0BYHO KPUC-
TannongHo-KpoBsiHyto kapauonnernio (8-10 °C) npoBoamnu Kaxaple 20 MUH, peKTanbHas TeMrepaTtypa cHMXanacb Ao
(30,0£1,5) °C. Bo 2-1 rpynne (rpynna nccnefoBaHus) TemnepaTtypy nogaepxmsanu Ha yposHe (35,5+1,1) °C ¢ npu-
MeHEeHMEM Ternon KPOBSAHOW KapAMOonernm B COOTBeTcTBUM ¢ npoTokonom A. Calafiore (1995) n S. Casalino u coaBT.
(2008), BNocneacTBMN U3MEHEeHHbIM HaMu NyTeM AobaBneHus cynbdaTta MarH1s BO BCeX A03aX KapAUOMIerum u npo-
AneHns cpoka mwemum go 25 MuH. MiccnepoBaHbl: YacToTa CMOHTAHHOMO BOCCTAHOBNEHUS CepAeyYHOro puTMa; nosie-
neHvie naMeHeHu Ha 3K, yacToTa NpUMeHeHUs KapAMoBepcuMn nocie penepdysmm; NoTpebHOCTb B MHOTPOMHbIX
npenapaTtax B Te4eHWe NepBbIX ABYX AHEN Nocne BMelaTenbcTsa; ypoBHU MB-K®K, TponoHuHa | 1 TpaHcamuHas;
LIUTENbHOCTb NpebblBaHWS B OTAENEHUN MHTEHCUBHOM Tepanuu.

Pe3ynbTtatbl. Kpome ynobcTBa B NpoBefeHUM KapAMOnieruu, BoisiBiieHbl clefylowme npeMmyLiectea Temniomn
KPOBSIHOWM KapAuonieruun: Bo 2-1 rpyrnrne oTMe4eHO MeHbllee KONIMYECTBO BOJbHbIX, Y KOTOPbIX MPUMEHSNIN Kapau-
oBepcuio nocsie penepdysmm (aTpUOBEHTPUKYNPHYIO BnoKaay perucTtpupoBany ¢ oAMHaKOBOW YacTOTOM); Konuye-
CTBO MaUMEHTOB, HYXXAAIOLLMXCS B MHOTPOMHOM NoafepXKke B nepsble AHU, ObiNo 6ONbUMM B KOHTPONIbHOW Fpynne;
CpepHss NPOAONXUTENIbHOCTL NpebblBaHWS B OTAENEHUM MHTEHCUBHOM Tepanunn coctasmna (2,5 = 0,3) cyT ans rpynnsi
nccnefoBaHus u o (2,9+0,4) cyT — Ans KOHTPObHOW rpynnbl. MoBpeXxaeHUs M1nokapaa Obinn MeHbLUe B OCHOBHOW
rpynne, 4To NOATBEPXKAAETCS CyLLeCTBEHHbIMU pas3nuymMamm B Bbibpoce MB-KOK n ACT (p < 0,05).

BbiBOAbI. VIHTepMUTEHTHasA Tennas KpoBsaHas kapauonnerus c gobaeneHnem Mg?+ obecneunsaet 6esonacHoe
npoaneHve cpoka nwemmm mexay penepdysmsmm 4o 25 MUH 1 okasbiBaeT MNONIOXKMUTENbHOE BNVSHME Ha HEKOTopble
KIMHUYecKMe N BUoXMMmMyeckume nokasaTtenn 6oNbHbIX B paHHUI NocieonepauoHHbIN Neproa.

KnioueBble cfioBa: MMoKapg, 3almuTa, KpUCTaniougHO-KPOBSiHas KapAuMonnerus, KpoBsiHasi Kapavonnerus,
MarHum.





