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ABSTRACT

Background: One of the main sources of ischemia/
reperfusion injury (IRI) and release of free oxygen radicals
(FORs) during extracorporeal circulation (ECC) during
cardiac surgery is neutrophils. In this study, we investigated
the potential effects of our modification of del Nido cardio-
plegia (mDNC) (amino acids enriched del Nido cardiople-
gia) on myocardial polymorphonuclear leucocyte (PMNL)
accumulation. We also compared the effects of our mDND
and classical del Nido cardiplegia (¢cDNC) on ventricular
contractile functions in coronary artery bypass grafting
(CABGQG) surgery.

Patients and methods: Our study included 100 isolated
CABG patients with similar characteristics, including age,
gender, preoperative medications, diabetes, hypertension,
and left ventricular ejection fraction (LVEF). The patients
were divided into two groups. Amino acids supplemented
del Nido cardioplegia (L-aspartate and L-glutamate
at a dose of 13 milimol/L) in 50 patients (study group,
G1). In the remaining 50 patients, we used a classical del
Nido cardioplegic solution (¢cDNC) (control group, G2).
Myocardial Tru-Cut biopsy from the right ventricle was
taken before the institution of ECC and after weaning
from ECC in all patients. Cardiac troponine-I (¢ Tn-I),
tumor necrosis factor-alpha (TNF-Alpha), Pro-Brain
Natriuretic Peptide (Pro-BNP), and lactate levels were
measured pre- and postoperatively. Invasive monitoring
was performed to provide the left ventricular functions
in both groups in the operating room and noted by a
blinded anaesthesiologist.

Results: Five patients died post-surgery (5%) (two from
SG and three from CG (P = .67), due to low cardiac output
syndrome or multiorgan failure. At the postoperative period,
cardiac output (CO) and stroke volume index (SVI) was
higher in mDNC (mean = SDS; 32.1 = 7 versus 22.2 + 6.9
mL/min/m? (P < .001). CI was significantly higher in mDNC
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after surgery (3.10 = 0.76 versus 2.40 + 0.30L/min/m?
(P = .002). Ten patients (20%) in mDNC and 16 patients
(32%) in ¢cDNC required inotropic support (P < .001). The
postoperative inotropic requirement was less in mDNC (6.1
+ 1.8 mg/kg versus 9.2 = 1.9 mg/kg, P < .004). Blood gas
analyses from the coronary sinus showed that myocardial
acidosis was more severe in the control group [pH (0.10
+ 0.09 versus 0.054 = 0.001; P = .34)]. Blood lactate levels
were significantly high in the control group (1.01 + 0.007
mmol/L versus 1.92 = 0.35 mmol/L) (P = .22). No differ-
ence was found when compared with cardioplegia volume
in the mDNC and ¢cDNC groups (mDNC= 990.00 + 385
mL in DNC = 960 + 240 mL, P = .070). An aortic cross-
clamp time in the mDNC and ¢cDNC groups were 88.4 =
8.9 min, and 93 = 11 min, (P = .76), but cardiopulmonary
bypass time was significantly low in mDNC (mDNC = 98.3
+22.5 min, DNC = 126 + 19.5 min, P = .0020). TNF-Alpha
and Pro-BNP levels in patients received mDNC were sig-
nificantly low (P = .022). Postoperative cardiac enzyme levels
(creatine kinase-MB and high sensitive troponin-I) were sig-
nificantly low in the mDNC group (P = .0034). Myocardial
biopsy results showed that myocardial PMNL accumulation
was significantly high in the control group (P = .001). The
amount of inotropic agent use was significantly high in the
control group (P = .003). After weaning from ECC, the left
ventricular stroke work index (LVSWI), cardiac index (CI),
and heart rate (HR) were significantly high in the study
group (P =.032; P =.002; P = .01). Postoperative blood and
blood products requirements were significantly low in the
mDNC group (P = .002). At pre-discharge echocardiogra-
phy, the mDNC group demonstrated significantly higher
ventricular ejection fraction (37.9 = 4.3% and 29.7 = 3.8%,
respectively (P = .003).

Conclusion: Our study findings show that glutamate-
aspartate supplemented del Nido cardioplegia significantly
decrease myocardial PMNL accumulation with reduced
release of biochemical markers, including cardiac troponin-
I, TNF-alpha, and Pro-Bnp. Our study results demonstrated
that amino acids supplementation in del Nido cardiople-
gia has some advantages in CABG patients, including the
decrease of perioperative myocardial infarction and increase
significantly the left ventricular functions including ventricu-

lar SVI and CI.
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Table 1. Patient characteristics. Data are presented as mean
(+SD)

Table 3. Cumulative doses and duration of inotropic agent(s).
Data are presented as mean (+SD)

G1 (N =50) G2 (N=50) P G1 G2 P
Preoperative data Dobamine (mg)* 2370 + 305 2170 + 309 .001
Sex (M/F) 22/23 24/21 .72 Adrenaline (mg)* 27 £9.8 49.3 +14.7 .001
Age (y), median 69.5 (55.8-73.8) 63.6 (51-72) .86 Duration of inotrope(h)* 19.2+79 3.9+ 1.9 .01
Previous myocardial infarction (n) 9(18%) 6(12%) .56

Diabetes (n) 12 15 .66

EF (mean, %) 376 £ 5.4 392+79 .64
Medication

ACE inhibitors (n) 37 35 .96
B- blockers (n) 26 29 74
Calcium channel inhibitors (n) 25 29 .82
Antiplatelet agent (n) 43 48 .86
Nitrates (n) 29 36 .55

Table 2. Intraoperative and postoperative data

G1(N=50) G2(N=50) P

88.4+8.9 93+ .76
98.3+22.5 126 £19.5 .002
239.5+83.2 298.0+49.4 .034

Cross-clamp time (min)
Cardiopulmonary bypass time* (min)

Operation time* (min)

No. of bypassed vessels (mean) 3.1+09 2.9+09 .86
Mortality 2 (4%) 3 (6%) .56
Need for inotropic drug* 10(20%) 16(32%) .002
Need for IABP* 3(6%) 5(10%) .034
Low cardiac output* 12(24%) 19(38%) .001
Length of stay in ICU (h) 22.5+8.9 23.6 £9.7 72
Length of stay at hospital (d) 74+13 8.9+24 .66

CPB: cardiopulmonary bypass; IABP: intra-aortic balloon counterpulsation;
ICU: intensive care unit; XC: cross-clamp

INTRODUCTION

The main source of IRI and FORs in cardiac surgery is
thought to be PMNL release some proteolytics enzymes and
free radicals, which are derived from the coronary micro-
vascular system and myocardium [Fiore 1998; Cohen 1999;
Vinten-Johansen 2005]. Cytokines also stimulate the adhe-
sion molecules on cardiomyocytes that allow neutrophils to
adhere endothelial cells, and release IRI due to proteolytic
enzymes [Ren 2003]. Neutrophils accumulation is a cause
of myocardial damage as a result of diminished reperfusion
area of the myocardium during ECC [Datz 1997]. Therefore,
we hypothesize that if we may inhibit a myocardial poly-
morphonuclear leucocytes accumulation during surgery, this
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may prevent myocardial failure resulting from inflammatory
mediator release and FORs.

To reduce IRI and systemic inflammatory response, the
authors suggested a different cardioplegic solution, such
as tepid warm or cold cristalloid or blood cardioplegia,
and administration techniques, such as antegrade, retro-
grade, or both [Datz 1997; Yazicioglu 2004; Buckberg 1995;
Mallidi 2003; Chocron 1996; Hynninen 2001; Carrier
2002; Chambers 1996]. In addition, to inhibit IRI, volatile
anaesthetics, anti-inflammatory agents, and some technical
devices have been proposed [Hynninen 2001; Carrier 2002;
Chambers 1996]. In previous investigations, the authors sug-
gested heparin-coated circuits and steroids [Duman 2006],
leukocyte filtration [Barner 1991], and nitric oxide donor
compounds [Martin]. In addition, amino acids such as L-argi-
nine [Hynninen 2001], insulin cardioplegia [Carrier 2002],
aspartate alone, aspartate plus glutamate enriched cardiople-
gia [Duman 2006], and anaesthetic methods have been sug-
gested to prevent or reduce IRI. However, a clear myocar-
dial protective method has not yet been revealed. Because
of the relatively small number of studies have shown, the
effects of cardioplegic solutions for reducing the inflamma-
tory response on myocardial reperfusion injury, there is no
common consensus for optimal strategy to provide IRI during
ECC [Martin 2003; Wilson 1993; Mullane 1985; Breda 1989;
Mullane 1984].

The authors suggested that glutamate-aspartate as hydro-
philic amino acids enriched cardioplegic solutions have
enhanced myocardial protection [Vinten-Johansen 2005;
Ren 2003]. Previous publications demonstrated that aspar-
tate and glutamate significantly reduced the degree of cardiac
necrosis macroscopically and histologically on pretreatment
[Vinten-Johansen 2005; Ren 2003]. In another investigation,
Bittle et al demonstrated an association between improved
postischemic cardiac performance and increased produc-
tion of alpha-ketoglutarate and succinate during glutamate
treatment in rabbit hearts involving ischemia with reperfu-
sion [Bittle 1983]. Published clinical data strongly support
that these amino acids have myocardial protective properties
[Arseni 1998; Pisarenko 1996; Lewis 2014]. In our previous
study, we showed that glutamate-aspartate enriched cardio-
plegia has beneficial effects on ventricular functions in CABG
patients [Duman 2006].

The hydrophilic amino acids might reduce cytoplasmic
lactate levels, thereby deinhibiting glycolysis because they are
substrates for the myocardial citric acid cycle. Glutamate and
aspartate also move reducing equivalents from cytoplasm to
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Figure 1. The heart rates in both groups. The mean heart rate is sig-
nificantly higher at the second postoperative hour in the amino acid
supplemented del Nido cardioplegia group.
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Figure 2. The left ventricular stroke work indices is significantly higher in
the amino acid enriched cardioplegia group postoperatively.
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mitochondria where they are necessary for oxidative phos-
phorylation and energy generation [Duman 2006].

"To our knowledge, there is no investigation about the effect
of L-glutamate and L-aspartate enriched DNC on quantita-
tive myocardial white blood cell (WBC) accumulation and its
hemodynamic outcomes. To research whether amino acids
enriched blood cardiplegia decrease in myocardial PMNL
accumulation, we used tepid modified DNC cardioplegia in
50 CABG patients with low left ventricular ejection fraction.
For assessment of perioperative myocardial damage in the
study group, we compared cardiac enzyme levels after sur-
gery, TNF-alpha, Pro-BNP, and lactate levels in both groups.
To evaluate the relationship between myocardial PMNL
levels and the left ventricular contractile functions, we com-
pared cardiac indices and left ventricular stroke work index.

PATIENTS AND METHODS

Following the approval of our institutional review board

of ethics (Ahi Evran University, 2019-21/2019), informed
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Figure 3. The white blood cell counts are significantly lower in the ami-
no acid enriched del Nido cardioplegia group from the right ventricular
biopsy materials.
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Figure 4. Same as Figure 3, the white blood cell counts are significantly
lower in the amino acid enriched del Nido cardioplegia group from the
right ventricular biopsy materials.

written consent was obtained from each patient. One-
hundred consecutive isolated CABG patients with similar
preoperative characteristics, including age, gender, myo-
cardial functions, and additional disease, were included in
the study.

Preoperative charecteristics of the patients and echocar-
diographic parameters are summarized in Table 1. Patients
with severe valvular heart disease, chronic obstructive pulmo-
nary disease, history of cardiac operation, and chronic renal
or hepatic failure were excluded from the study. In addition,
unstable angina or a history of myocardial infarction within
three months prior to surgery, patients with active infection,
leukocytosis or neutropenia or immunodeficiency were not
included in this study.

All patients underwent surgical intervention on an elective
basis. In G1 and G2, male and female ratios were identical.
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Table 4. Perioperative and postoperative haemodynamic data in both groups

Baseline End of surgery Postop 12h Postop 24h

PCWP (mmHg)

G1 14.0 (12.0-15.7) 10.5%(8.2-15.5) 9.4* (11.0-14.0) 9.8* (10.5-15.0)

G1 1.7 (11.0-14.7) 17.2% (13.2-19.0) 14.0¥ (13.0-16.0) 12.3 (11.2-15.0)
Cl (L/min/m?2)

G1 2.1(1.98-2.3) 2.2(2.2-2.5) 3.14 £ 0.57* 3.10 = 0.76*

G2 2.2 (2.1-2.4) 2.1 (1.9-2.3) 2.29+£0.63 2.40 +0.30
SVRI (dynes/cm®/m?)

G1 2137(1922-2270) 19311(1730-2138) 17541(1561-2081) 17101(1482-1990)

G1 2126(1824-2285) 2016(1789-2190) 2007 (1785-2223) 2008 (1724-2285)

PCWP: pulmonary capillary wedge pressure; Cl: cardiac index; SVRI: systemic venous resistance index. Data are presented as median (IQR).*Different from the

control group. tdifferent compared with baseline

The mean age and ventricular function were similar in both
groups. The left ventricular ejection fractions were lower than
45% in both groups. We used amino acids supplemented del
Nido cardioplegia via antegrade (500-750 cc) and retrograde
delivery (150 cc-250 cc) in 50 patients (study group; G1). In
the remaining 50 patients, standard del Nido cardioplegia was
used to obtain myocardial arrest. No difference was found
when compared with cardioplegia volume in the mDNC and
¢DNC groups (mDNC = 990.00 + 385 mL in DNC = 960 +
240 mL, P = .070).

¢T'n-1I, Pro-BNP, TNF-alpha levels were measured prior
to operation (T0) and after surgery. The left internal thoracic
artery, radial artery, and saphenous vein were used as bypass
conduits in both groups. The mean number of distal anasto-
mosis were 3.1 = 09 versus 2.9 = 09 (P = .806).

Study protocol: This study was designed to compare the
efficacy of amino acid supplemented del Nido cardioplegia
on myocardial accumulation of white blood cell and hemo-
dynamics in CABG patients with low ejection fraction. Nei-
ther the ICU team nor the surgeons know which cardioplegia
is being administered. The patients were divided into two
groups: study group (G1) (N=50) and control group (G2)
(N = 50). Randomization was performed in the surgery room;
a sealed, nontransparent protocol envelope was opened for
each patient and the patient was accordingly assigned to a
group. The surgeons did not inform the mixture of cardiople-
gia prepared by the anaesthesist in the operating theater.

After induction of anaesthesia using diazepam (0.1-0.2mg/
kg), fentanyl (3-5pg/kg), thiopenthal (0.5-2.0 mg/kg), and pan-
curonium bromide (0.1 mg/kg), anaesthesia was maintained
with isoflurane (0.5% to 1.0%). During an ECC, propofol 2-4
mg/kg/h) was given in addition to fentanyl (1-2 pg/kg). In all
patients, a Swan-Ganz Thermodilution catheter was placed via
the internal jugular vein for hemodynamic study. Peripheral
venous blood was immediately labeled with Tecnesium-99m
exametazime (HMPAO) under sterile conditions to obtain for
PMNL counts, as described at the guideline before in Nuclear
Medicine Laboratories [Martin]. Immediately after the white
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blood cell labeling procedure, the blood was injected back into
the patients via a central vein just before the operation.

The first myocardial biopsy: After a midline sternotomy
incision, an aortic and a single venous cannulation was per-
formed. Coronary bypass conduits, including the left internal
thoracic artery, were prepared. Pericardium was incised, and
the first myocardial biopsy from the right ventricle was col-
lected before the initiation of ECC, using a 14-gauge Tru-
Cut biopsy needle (B1). At the same time, the first whole
blood samples for leucocyte counts were taken from the cen-
tral venous line (L.1).

ECC was instituted using a roller pump. The circuits were
primed with 2000 mL of Ringer lactate solution. All opera-
tions were performed under moderate hypothermia (blood
temperature 32°C). GAETBC is prepared using 13 milimol/L
L-aspartate and L-glutamate by the anaesthesist. After an
aortic cross-clamping, GAETBC was given antegradely at a
dose of 10 ml/kg in G1 patients. A standard cold blood car-
dioplegia, consisting of a 4:1 dilution of blood to Plegisol®
solution with addition of KCI, was delivered antegradely at a
dose of 10 ml/kg in G2. Retrograde cardioplegia (at a dose of
200 mL) was given via coronary sinus cannulae after the com-
pletion of distal anastomosis in both groups. Cumulative dose
of cardioplegia was noted by the anaesthesist for each patient.

To measure blood c-Tn-I, TNF-alpha, and Pro-BNP,
blood samples were taken from central vein prior to induction
of anaesthesia (T0), after the LITA anastomosis (T1), imme-
diately after the release of aortic cross-clamp (12), at the end
of proximal anastomosis (T3), and 12 hours after surgery
(T4). Blood lactate levels, which determine tissue hypoxia,
were measured at the same time.

The second myocardial biopsy: After weaning from ECC,
the second myocardial biopsies were collected from the
right ventricle at least 4 cm far away from the first biopsy
points (V2) (prior to protamine sulphate infusion). At the
same time, second whole blood samples were obtained for
leucocyte count (L2). The biopsy materials from the right
ventricle were weighted at the nuclear medicine laboratories
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Table 5. Preoperative and postoperative blood cTnl (ng/ml) and lactate levels

T() HQ) T(2) T(3) T(4)
c-Tnl (ng/mL)
G1 0.033 (0.01-0.11) 2.0 (1.60-2.90)* 3.15 (2.10-3.50)* 3.15 (2.20-4.05)* 2.20 (2.0-3.75)*
G2 0.035 (0.01-0.14) 3.15 (2.10-4.10)* 4.86 (3.50-6.00)* 4.20 (3.50-6.00)* 3.90 (3.50-6.00)*
Lactate, (mmol /L)
G1 1.0 (0.8-2.0) 2.1 (1.2-3.6)t 1.35 (0.9-2.1)t 1.06 (0.8-2.0)t 1.45(0.7-2.0)§
G2 1.20 (1.0-2.7) 2.66 (1.7-3.8)F 2.90 (1.2-2.6)% 2.50 (1.1-2.9)% 1.85(1.60-3.9)§

*Statistical significance, P values between groups: intergroup comparison (P values). T(1): P =.001; T(2): P =.003; T(3): P = .004; T(4): P = .004
t, 1, § Statistical significance. Intergroup comparison. tP = .002; P = .005; $P = .002; §P = .004

and counted by a Gamma Counter (DPC GAMBYT CR
10/20, LA.) and time/activity/gram measures were calculated,
according to previous description by Datz et al. [Martin]. It
was noted that the time period between the labeling of the
leucocytes and counting of the biopsy materials were exactly
the same for all subjects. Because the blood leucocyte levels
were diluted during cardiopulmonary bypass for comparison
of the patients’ pre- and postoperative blood leucocyte levels,
‘the corrected white blood cell’ counts were recorded using
this formula:

Corrected leucocyte level = Sample leucocyte level X Ini-
tial blood albumine level/Sample albumine level

For investigaton of the relationships between the myo-
cardial leucocyte levels and cardiac hemodynamic status,
we measured via Swan-Ganz catheter including heart rate,
CI, CO, SVRI, and LVSWI. Baseline levels and postopera-
tive myocardial markers were measured and compared. HR,
intraaortic balloon pump use, the amount of inotropic drug(s)
use, ICU duration, and hospitalization time for both groups
also were compared.

Statistical analyses: Comparisons of the two groups were
done by using the automated 17.0 SPSS program. For the
comparison of hemodynamic measurements and enzyme
levels and coronary sinus blood analyses, independent sam-
ples Student-T test was used. Before this comparison, for
the indicating of variance differences, Levene test was used.
Student t-test was used, according to the similar variance
analyses. The data are presented as standard error of mean. A
P-value of less than .05 was considered statistically significant.
For the comparison of leucocyte counts of myocardial biopsy
materials, paired sample test was used and if the results were
less than 0.05, they were considered statistically significant.

RESULTS

There was no mortality in either group. Estimated volume
of cardioplegia was similar in G1 and G2, respectively. The
duration of aortic cross-clamp time, ECC time, and operation
time was compared. Aortic cross-clamp time was similar in
both groups, however ECC time was significantly longer in
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the control group. Intraoperative data is summarized in Table
2. Cumulative doses and duration of inotropic agent(s) are
summarized in Table 3 (data are presented as mean = SD).

Hemodynamic measurements: The parameters of hemo-
dynamic measurements were as follows: heart rate (HR),
mean arterial pressure (MAP), central venous pressure
(CVP), pulmonary capillary wedge pressure (PCWP), CO,
CI, and LVSWI. All study parameters were compared in each
case. Hemodynamic parameters were recorded at the end
of the surgery, 12, and 24 hours after the CABG operations
(Table 4). (Table 4) CI were measured via the thermodilution
technique (Thermodilution Cath., Biosensors International;
and Spectramed Hemo-Pro Cardiac Output Monitor, A Bol
Health Care Lab, USA). The derived hemodynamic indices
were as follows:

CI= Cardiac Output/Body Surface Area (LXmin-1Xm-2)

Stroke Index=CardiacIndex/HeartRate (mLXmin-1Xm-2)

LVSWI= Stroke Index (MAP-PCWP) X 0.0136 (gm/m?2)

The myocardial white blood cell counts: There were two
important findings of our study. The first one: There was
a negative correlation between the white blood cell counts
from the myocardial biopsies and myocardial acidosis, and
free oxygen radical production. The second: There was a
strong correlation between myocardial PMNL counts and
LVSWI. In G2, prior to ECC, the mean WBC count was
705.40 = 395.40 (max: 104.00; min: 1245.00); whereas, this
mean level was 1669.30 + 1564 (min: 190.00; max: 4321.00)
after ECC. Intragroup analyses demonstrated that there was a
significant difference was found (P = .01). In 22 patients from
G2, the WBC counts increased significantly. In 11 patients,
PMNL count augmented more than 50%. When compared
with quantitative WBC counts of the ventricular biopsies in
G1, no difference was found between pre- and post-bypass
biopsies (P = .372).

For each group, there were significant increments in
the whole blood leucocyte counts of perioperative samples.
In G2, pre-ECC leucocytes levels rose from 6007.64 =
1507.42 to 7852.45£2301.16 (P = .034). Prior to ECC, myo-
cardial PMNL count increased from 6556.10 = 1719.94 to
8587.80+4280.24 in G1 (P = 0.061). When compared with
baseline and postoperative whole blood leucocyte counts,
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Table 6. Pro-BNP values in different times

G1 G2 P

TO 7.88 + 4.89 9.10 + 6.54 86
T1* 15.6 + 3.650 36.84 + 9.55 001
T2* 21.06 + 4.4 44.96 + 12.30 007
T3* 1627 £6.70  39.50 % 12.90 .000
T4* 24.50 + 11.04  35.41 +5.69 002

AF: atrial fibrillation, NT-proBNP: N-terminal natriuretic peptide. TO: pre-
operation time, T1: 1 hour after surgery, T2: 6 hours after the operation,
T3: 12 hours after the operation, T4: 24 hour after the operation. P < .05
was evaluated at a level of significance

there was a significant increase in both groups (P < .01). How-
ever, when we compared whole blood leucocyte levels in G1
and G2 in the postoperative period, no significant difference
was found (P = .86).

There was a significant difference between the two groups
when comparing heart rates after the first postoperative hour.
The mean heart rates were 83.6364 + 13.41 beat/min. and
107.90 = 16 beat/min. in G1 and G2, respectively (Figure 1).
The heart rate was significantly low in G2 at the second post-
operative hour (P = .001). Our study findings showed there
was a statistical difference when compared with LVSWI at the
second postoperative hour in G1. While the preoperative left
ventricular stroke work index was 33.90 = 2.64 at the second
postoperative hour in G1, this value was 21.50 = 4.25 in G2
(P < .001). The difference of LVSWIs were statistically sig-
nificant when compared with both groups at the postopera-
tive second hour (P < .001) (Figure 2). The mean myocardial
leucocyte levels, whole blood leucocyte counts in both groups
for each period are summarized in Figures 3 and 4.

Postoperative cumulative doses of inotropic agent
requirements were significantly high in the cDNC group.
Perioperative and postoperative hemodynamic data, includ-
ing CI, PCWP, and SVRI, are summarized in Table 4.
PCWP and SVRI were statistically higher postoperatively in
G2. Myocardial acidosis caused by the aortic cross-clamping
was found to be more severe in G2 [pH (0.10 = 0.09 versus
0.054 £ 0.01] (P = .034), and lactate levels were significantly
high in G2 when comparing the groups (1.01 = 0.007 versus
1.92 £ 0.35) (P = .22).

Preoperative ¢Tn-I concentrations were similar in both
groups. Seventy-five percent of patients were below the
detectable limit; median concentration was 0.030 ng/ml
among participants with detectable concentrations in G1
versus 64% and 20 ng/L in G2. Preoperative and postop-
erative blood ¢T'n-I and lactate levels were significantly high
in G2. ¢T'n-I and lactate levels are summarized in Table 5.
Intragroup analyses showed there were statistical differences
in both groups after surgery and that these analyses were sig-
nificantly higher in G2. Therefore, myocardial ischemia was
more common in G2 patients than in G1. ¢T'n-I levels rose
following surgery peaking at six hours in both groups and
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Table 7. White blood cell counts from the right ventricular
biopsy materials and whole blood white cell levels in CG.
These measurements are shown as the mean levels.

Mean (SD+) Min Max
V(1) 1525.00 2094.55 106.00 5825.00
V(2) 1172.00 1410.82 123.00 4713.00
WBC PreECC 6007.64 1507.47 3678.00 7658.00
WBC PostECC 7852.45 2301.16 4867.00 11937.00
WBC PostOp 2 Hr 11170.64 4532.08 5467.00 17468.00
WBC Postop 12 Hr 11176.00 4897.21 5920.00 18265.00
WBC Postop 24 Hr 12697.00 4561.00 5847.00 18736.00

V1: first ventricular biopsy, V2: second ventricular biopsy, WBC: white
blood cell

were, on average, 20-35% lower in G1 in all periods after
surgery (0.66 = 0.32 versus 0.34 £ 0.19) (P = .01).

Pro-BNP levels pre- and postoperative periods are sum-
marized in Table 6. There was no difference comparing basal
Pro-BNP levels between the groups. There were statistical
differences between the groups in all periods after surgery.
Blood Pro-BNP levels of G2 were higher than G1 patients
after surgery. White blood cell counts after ventricular biopsy
materials and whole blood white cell levels in the cDNC and
mDNC groups are summarized in Tables 7 and 8, respectively.

In the first three hours following CPB, the heart does
not use carbohydrate and lipid substrates. Four hours after
beginning CPB, cardiomyocyte does take up amino acids
[Buckberg 1995; Chocron 1996; Hynninen 2001; Carrier
2002; Chambers 1996; Duman 2006]. Ischemic condition
during an aortic cross-clamping, myocardium use glutamate
and aspartate [Barner 1991; Martin; Martin 2003; Wilson
1993; Mullane 1985; Breda 1989; Mullane 1984]. In this situ-
ation, PMNLs, the endothelial nitric oxide may inactivate
related to vasoconstriction. The release of FORs increases
due to PMNL accumulation, and it stimulates the inactivation
of nitric oxide by concomitant release of proteolytic enzymes
from neutrophils [Bittle 1983; Arseni 1998; Pisarenko 1996;
De Vecci 1997; Byrne 1992; Lewis 2014; Rowe 1983; Engler
1983]. To prevent IRI as a result of FORs release, the authors
suggested anti-inflammatory agents, such as dexamethasone
recently in open heart surgery [Uyar 2005; Mehta 1983; Sato
1997]. In addition, leukocyte filtration, different doses of cor-
ticosteroids, aprotinin, and heparin-coated ECC circuits, and
nitric oxide donor compounds also have been proposed.

According to results of our study, preoperative precon-
ditioning using L-glutamate and L-aspartate supplemented
DNC can be used for protecting myocardial reperfusion
injury in patients undergoing CABG to decrease leucocyte
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Table 8. White blood cell counts from the right ventricular
biopsy materials and whole white blood cell levels in
glutamate-aspartate enriched cardioplegia group.

Mean (SD+) Min Max
V(1) 705.40 395.40 104.00 1245.00
V(2) 1669.30 1564.79 190.00 4321.00
WBC PreECC 6556.10 1719.94 4009.00 8765.00
WBC PostECC 8587.80 4280.24 1098.00 17345.00
WBC Postop 2 Hr 10006.50 3969.49 4596.00 16343.00
WBC Postop 12 Hr  13186.50 5013.92 5287.00 20929.00
WBC Postop 24 Hr  13647.00 5506.80 5706.00 21750.00

Levels are shown as mean levels. V1: first ventricular biopsy, V2: second
ventricular biopsy, WBC: white blood

accumulation into the myocardium. Previous investigations
have shown that glutamate-aspartate enriched cardioplegia
increased myocardial performance in patients who underwent
CABG [Carrier 2002; Chambers 1996; Duman 2006; Barner
1991]. As a result, mDNC provides coronary artery dila-
tion and intramyocardial organelles activation and increases
adenosine triphosphate (ATP) production. Glutamate-
aspartate supplementation may increase coronary artery flow
and microcirculation and improve cardiac performance after
surgery. Neurohormonal activation may increase resulting
from amino acids supplementation in cardiac surgery [Lewis
2014; Rowe 1983; Engler 1983; Sato 1997].

We hypothesized there may be relationship between
amino acids supplemention in del Nido cardioplegia and
myocardial neutrophil accumulation. Therefore for testing of
the effects of mDNC on myocardium, we used mDNC in
our 50 CABG patients. Our study showed that amino acids
supplemented del Nido cardioplegia significantly increased
myocardial functions. In these patients, the mean level of
myocardial leucocyte accumulation was significantly low.
CO and CI were on average 0.75 and 1.20 L/min/m? higher
in the modified del Nido group than in the ¢cDNC group
at any time point especially within 24 hours after surgery.
Myocardial enzyme release and TNF-alpha, Pro-BNP were
lower at a 24-hour interval. Mortality rate, mechanical venti-
lation, intensive care unit stay, and hospital time were similar
when comparing both groups. Microscopic studies of myo-
cardium showed that myofibrillar disarray and interfibrillar
derangement were higher in the cDNC group. Another find-
ing of our study included mDNC in our patients indicated a
decrease in the rate of defibrillation after aortic cross-clamp
release (8% versus 18%, P = .034).

We know that FORs and proteolytic agents, which are
derived from the coronary microvascular system, increase
during ECC [Fiore 1998; Cohen 1999; Vinten-Johansen
2005]. The main source of myocardial ischemia/reperfu-
sion and the release of oxygen radicals in cardiac surgery is
thought to be polymorphonuclear leucocyte, which may
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trigger proteolytics and destructive enzymes [Lewis 2014
Rowe 1983; Engler 1983; Uyar 2005; Mehta 1983; Sato 1997;
Mizuno 1997; Hayashi 2000]. In addition, cytokines during
ECC stimulate the adhesion molecules, which has negative
effects of cardiomyocytes resulting from neutrophils that
adhere to the endothelial cells of coronary microvascular
systems and release IRI as a source of proteolytic enzymes
[Datz 1997]. Therefore, some authors suggested amino acid
supplementation in cardioplegic solutions [Carrier 2002;
Arseni 1998, Pisarenko 1996; Byrne 1992; De Vecci 1997;
Lewis 2014; Rowe 1983; Engler 1983]. To provide cardiopro-
tection using amino acids such as glutamate and/or aspartate
[Duman 2006; Arseni 1998; Pisarenko 1996; Byrne 1992; De
Vecci 1997], L-Arginine has been added to improve anaerobic
formation of intracellular organelles coupled with succinate
and alpha-ketoglutarate formation with the inhibition of gly-
colytic flux [Mizuno 1997]. During reperfusion, both amino
acids replenish the malate-aspartate shuttle reactants, thereby
facilitating glucose oxidation [Lewis 2014; Rowe 1983;
Engler 1983]. Habazetl et al showed the enhancement of the
leukocyte-endothelial cell interaction in collecting venules of
skeletal muscle by protamine [Habazetl 1997].

Previous investigation demonstrated that intracellular
concentrations of branched chain amino acids (leucine, valine,
and isoleucine) stimulated the formation of acetyl-CoA and
succinyl-CoA and, thus, recovery of oxidative metabolism
[Sato 1997]. Methionine and cysteine may force the contrac-
tion via methylation of phospholipids and the sarcoplasmic
reticulum [Hayashi 2000; Tomoeda 1999]. Intracellular high
concentrations of histidine provide antioxidants which is a
scavenger of oxygen and hydroxyl radicals during an anaero-
bic energy formation.

Aprotinin and sodium nitroprusside pretreatment, leuko-
cyte filtration, and heparin-coated ECC circuits decrease IR,
reduce the inflammatory response, and improve postoperative
cardiac function in CABG patients [Bolling 1997; Fukushima
1994; Suzuki 1998; Ichihara 1994; Sawa 1994]. Corticoste-
roids or histidine were used to reduce ECC induced systemic
inflammatory response in patients undergoing cardiac sur-
gery who were pretreated with dexamethasone. Unfortu-
nately, there is no common consensus yet about the optimal
cardioplegic solutions and/or delivery method for myocardial
protection, during ischemic arrest and reperfusion injury
after aortic declamping in the literature.

Our study proposed that amino acids (aspartate, glutamate,
leucine, taurine, or L-arginine) may be important for cardiac
metabolism for reducing myocardial leucocyte accumulation.
Glutamate and a-ketoglutarate are interconvertible by trans-
amination [Duman 2006; Pisarenko 1996; Byrne 1992; De
Vecci 1997; Lewis 2014; Rowe 1983; Engler 1983; Uyar 2005;
Mehta 1983; Sato 1997]. Glutamatic acid may enter the Krebs
cycle in myocardial nitrogen metabolism [Habazetl 1997,
Tomoeda 1999; Bolling 1997; Fukushima 1994]. Glutamate
may be amidated to transport amine groups out of the cells.
Thus, glutamate is a neurotransmitter that may interfere with
normal function of the nervous system and some myocardial
and end-organ side effects. Catabolisation of amino acids in
the heart may provide energy recovery [Uyar 2005; Mehta
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1983; Sato 1997; Tomoeda 1999; Bolling 1997]. Habazetl et
al showed the important role of amino acids use in the fail-
ing heart [Wilson 1993]. Adding amino acids has improved
postischemic myocardial metabolism, including the func-
tion of complex of glutamate. This may be converted to ATP
without molecular oxygen. Alpha-ketoglutarate also may par-
ticipate in an aminotransferase reaction, with aspartate gen-
erating oxaloacetate which is metabolized with the generation
of ATP. Therefore, we and other authors hypothesized that
amino acids enriched cardioplegia may improve myocardial
functions resulting from the decrease of myocardial infarction
and pulmonary effects.

There are relatively small number of investigations
about the use of amino acids enriched cardioplegia to pro-
tect inflammatory response on myocardial reperfusion injury
[Carrier 2002; Chambers 1996; Duman 2006; Barner 1991].
A recent study [Duman 2006] and other previous investiga-
tions [Martin 2003; Wilson 1993; Mullane 1985; Breda 1989;
Mullane 1984] showed that glutamate-aspartate-enriched
cardioplegia has some beneficial effects on ventricular func-
tions in CABG surgery.

To investigate whether there was a relationship between
clinical parameters and myocardial functions, we performed
myocardial biopsy from true-cut biopsy to assess myocardial
PMNL levels in all patients. In order to investigate myocar-
dial leucocyte accumulation and its effects on IRI in patients
undergoing cardiac surgery, different leucocyte counts
between the aortic root and coronary sinus blood, the authors
investigated leucocyte specific myeloperoxidase enzyme
levels, lipid peroxidation, and levels of malondialdehyde from
coronary sinus blood [Bittle 1983; Arseni 1998; Pisarenko
1996; Byrne 1992; De Vecci 1997; Lewis 2014; Rowe 1983;
Engler 1983].

"To the best of our knowledge, we demonstrated the effects
of amino acid enriched del Nido cardioplegia on quantita-
tive PMNL accumulation into the myocardium in cardiac
surgery for the first time. Previous studies have shown that
leucocytes, which migrate to the myocardium during myo-
cardial ischemia, were sources of FORs. But the authors did
not investigate myocardial leucocyte counts [Bittle 1983;
Pisarenko 1996; Byrne 1992; De Vecci 1997; Lewis 2014;
Rowe 1983; Engler 1983; Uyar 2005; Mehta 1983; Sato 1997;
Mizuno 1997]. Because leucocytes are among the main causes
of myocardial damage by release of their lisosomal enzymes
and by creating capillary plugs resulting in intramyocardial
“no reflow phenomenon” [Uyar 2005; Mehta 1983; Mizuno
1997; Hayashi 2000; Habazetl 1997], we investigated leuco-
cyte counts using a radionuclide method in our study.

The substrates, such as ATP, glucose and arginine, were
proposed for preparing cardioplegic solution to provide myo-
cardial energy during ischemia [Yazicioglu 2004; Buckberg
1995; Mallidi 2003; Chocron 1996; Hynninen 2001; Carrier
2002]. Kronon et al demonstrated that a warm glutamate-
aspartate enriched reperfusate reduced the reperfusion injury
resulting in improved myocardial function and metabolic
recovery in hypoxic neonatal hearts [Kronon 2000]. The clear
mechanism of the effects of amino acid enriched cardioplegia
on myocardial protection is not yet known. They investigated
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biochemical analyses during amino acid supplementation, and
it improved recovery of intramyocardial ATP.

We therefore investigated the effect of mDNC on myo-
cardial white blood cell counts in the perioperative period.
Our study demonstrated that amino acids supplementation
appears to be cardioprotective, resulting from decreasing
PMNL accumulation into the myocardium. In addition, our
study results showed L-glutamate and L-aspartate enriched
cardioplegia may decrease myocardial enzymes release
which markers of myocardial ischemia, Pro-BNP and TNF-
alpha levels. Therefore, myocardial performance in CABG
patients, who received amino acids supplemented cardiople-
gia, may be enhanced. Our study showed an average reduc-
tion of 20-25% c-Tn-I and lactate levels and 30-42% TNF-
alpha after surgery.

According to our study, to inhibit leucocyte accumulation
into the myocardium, preoperative preconditioning using
L-glutamate and L-aspartate enriched DNC infusion may
be used to prevent myocardial reperfusion injury in patients
undergoing CABG. It reduces endothelial adherence of leu-
cocyte mDNC and may provide coronary artery dilation
and intramyocardial organelles, such as mitocondrial activa-
tion as a result of adenosine triphosphate (ATP) production.
Glutamate-aspartate enriched cardioplegia may also increase
coronary artery flow, microcirculation circulation, enhance
cardiac performance, and neurohormonal activation in
CABG patients.

The main difference of our study is that we first showed
myocardial leucocyte counts quantitatively. Secondly, we
showed myocardial leucocyte depletion as an effect of gluta-
mate-aspartate enriched cardioplegia infusion.

In our clinical setting, leucocyte labeling is used for detect-
ing acute or chronic sites of inflammation or infections. For
the first time in literature, we introduce a new way of using
a leucocyte labeling technique as well as a new method for
assessing the neutrophile accumulation quantitatively into
the myocardium by counting them directly inside the myo-
cardial tissue. In order to count the leucocyte accumulation
in the myocardium during the ischemic period, we labeled
the leucocytes by Te 99m-HMPAO which does not affect the
migration, chemotaxis, adhesion, and superoxide generation
of labeled cells.

The biopsy procedure did not cause damage to the myo-
cardium of the right ventricle. All the biopsies were collected
with same kind of biopsy needle, and the tissue volumes were
identical. Also, the weights were measured to be similar at
the nuclear medicine laboratories. Second biopsies were col-
lected before the administration of protamine sulphate as
injection of protamine is shown to affect leucocyte kinetics
[Fukushima 1994; Suzuki 1998]. The reason for collecting
second biopsies at least 4 cm away from the first ones was
to avoid the traumatic proinflammatory mediator response,
which might stimulate the migration of the leucocytes to the
biopsy point.

Following the ECC, there was a slight increase in the
whole blood leucocyte levels; these were not statistically sig-
nificant in either group. On the other hand, the leucocyte
counts of biopsy materials of G1 were found to decrease
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significantly following ECC, whereas there were significantly
increased counts with G2 patients. These results show that
there is a leucocyte accumulation in the myocardium follow-
ing cardioplegia infusion independent from the rise of circu-
lating leucocytes.

There were significant differences between clinical out-
comes of both groups when comparing heart rates, PVRI,
CI, and LVSWIs of G1 patients in the postoperative period.
As LVSWI is a calculated value reversely proportional with
heart rates, the reason for significant decrease of LVSWIs of
CG while the cardiac indices were high in GI at the same
period of time, was probably the significant increase of heart
rates. Additional inotropic agents used, such as dobutamine
or adrenaline and the amount of additional inotropic admin-
istration in cDNC group, was higher perioperatively.

Amino acids supplementation in cardioplegic solution
may be used to prevent myocardial PMNL accumulation
during CABG surgery. Amino acids may protect myocardial
impairment, resulting from the increase of nitric oxide which
improves coronary blood flow by decreasing leukocytes adhe-
sion. Therefore, adhesion of leucocytes in the coronary endo-
thelial surface during ECC decreases the reperfusion injury
and may improve ventricular functions, and inhibit myocar-
dial acidosis after IRIL. In our opinion, we need other studies
to confirm these effects of mDNC on myocardial white blood
cell counts. Leucocytes accumulation into the myocardium in
patients with poor left ventricles or longer ischemic periods
may cause major clinical disturbances and affect the patients’
clinical outcomes. We suggest glutamate-aspartate enriched
del Nido cardioplegia as a cheap method to prevent leucocyte
accumulation into the myocardium.

STUDY LIMITATIONS

We do not know whether the cardioplegia solution has a
balanced distribution in patients with coronary artery disease.
Thus, the effect of amino acids supplemented del Nido car-
dioplegia may be investigated in patients with normal coro-
nary arteries undergoing cardiac valvular surgery. The study
is constituted from limited patients with poor ventricular
functions. Therefore, we need a large number of patients who
are undergoing cardiac valvular surgery for congenital heart
disease.
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