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ABSTRACT

Purpose: Major concern during cardiopulmonary
bypass (CPB) is myocardial protection. The purpose of this
study was to compare the effects of two techniques of|
terminating CPB on the biochemical markers of early
myocardial injury. Method: Twenty-two adult patients with
three or four vessel diseases undergoing elective coronary
artery bypass grafting surgery were studied in a prospective
randomized clinical design. All distal anastomoses were
performed during a single period of cross clamping. Then,
patients were randomized in terms of terminating CPB. In
group 1 (n=10), CPB was terminated before the proximal
anastomoses were completed and in group 2 (n=12), CPB
was terminated after completion of all proximal
anastomoses. Blood samples were collected from the
coronary sinus as baseline (t1), at the time of 0 (12) and 5
minutes dfter (t3) cross-clamp removal, 5 (t4) and 15 minutes
(t5) after CPB termination. Results: Plasma lactate,
hypoxanthine and malondialdehyde (MDA) levels
significantly increased over time in both groups. MDA levels
at t4 and t5 were higher and pH, base excess, ionized calcium
and bicarbonate levels at t2 were significantly lower in group
2 when compared to group 1 (p< 0.05). Conclusion: Two
techniques of terminating CPB did not differ in terms of end-
products of energy metabolism and acid-base analysis as
biochemical markers of myocardial status.
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OZET

Amag: Kardiyopulmoner bypass (KPB) sirasinda temel
hedeflerden biri miyokardin korunmasidir. Bu g¢aligmadal
amag, iki farkli zamanda KPB sonlandirma tekniginin, erken
miyokard hasarinda biyokimyasal belirleyiciler iizerine
etkisini kargilagtirmaktir. Metod: Ug-dort damar hastahig
olup koroner arter bypass greft cerrahisi planlanan, 22
erigkin hasta prospektif randomize diizende ¢aligmaya alindi.
Tiim hastalarda distal anastomozlar aortik klemp altinda
yapildi. Hastalar KPB" sonlandirma agamasinda randomize
olarak iki gruba ayrildi. Birinci grupta (n=10), KPB
proksimal anastomozlar tamamlanmadan sonlandirldi ve
ikinci grupta (n=12), KPB proksimal anastomozlar
tamamlandiktan sonra sonlandirildi. Koroner siniisten kan
Ornekleri, baslangigta (t1), aortik klemp kaldirildiktan
hemen sonra (12), 5 dakika sonra (t3), KPB sonlandirildiktan
5 dakika (t4), ve 15 dakika sonra (t5) alindi. Bulgular:
Plazma laktat, hipoksantin ve malondialdehit (MDA)
diizeyleri her iki grupta da zaman igerisinde anlamli olarak
artig gosterdi. fkinci grupta, t4 ve t5'de MDA dizeyleri
anlamli olarak yiksek, t2'de ise pH, baz agig, ionize
kalsiyum ve bikarbonat dizeyleri anlamli olarak diigitk,
bulundu (p< 0.05). Sonu¢: KPB'1 sonlandirma zamam
olarak kargilagtirilan iki farkli teknik arasinda, miyokardin
durumunun biyokimyasal belirleyicilerinden olan enerji
metabolizmasi iiriinleri ve asid-baz analizi bakimindan fark
bulunmad.

Anahtar Kelimeler: Kardiyopulmoner Bypass, Cerrahi

Mpyocardial Protection

Teknik; Miyokard Korunmasa.

INTRODUCTION

Although various methods are used during
coronary artery bypass graft surgery (CABG), the
most important end-point in all cardiopulmonary
bypass (CPB) techniques is myocardial
protection. Many studies in recent years focus on

the reperfusion injury (1). This report presents a
method for performing proximal anastomoses
after termination of CPB under side clamping of
the aorta and evaluates the effects of this method
on myocardial biochemistry.
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METHODS
Patient population:

Twenty-two adult patients with three- or
four- vessel coronary artery disease undergoing
elective primary isolated CABG surgery were
studied in a prospective randomized design. All
patients had left anterior descending coronary
artery (LAD) disease and none required inotropic
support preoperatively. All were planned to
receive both left internal mammary artery
(LIMA) and saphenous vein grafting. Patients
who had associated valvular or other systemic
diseases, poor ventricular function (ejection
fraction below 40%) and those undergoing
emergency surgery were not included in the
study. The protocol was approved by the Hospital
Ethical Committee and informed consent was
obtained from the patients.

Anesthetic and the surgical technique:

All patients were premedicated with
diazepam and famotidine orally one hour before
surgery. Upon arrival in the operating room, non-
invasive monitors were placed; radial artery and
central venous catheters were inserted after
induction of anesthesia. Anesthesia was induced
with low dose thiopenthal (2-4 mg kg-!), fentanyl
(7-10 ugkg!), and vecuronium (0.1 pgkgl),
and maintained with isoflurane 0.7%, air/O, 50%

and fentanyl infusion (10 pg.kg-1.h-1) throughout
the surgery. Methylprednisolone (10 mgkg!)
was administered at the beginning of CPB and
the renal dose of dopamine infusion was used
during the surgery. A coronary sinus catheter was
inserted in all the patients before the initiation of
CPB. Patients underwent standard total
cardiopulmonary bypass with the use of
membrane oxygenator (Cobe VPML-plus) and
crystalloid prime. Pump flow was maintained at
22-3.0 Lmin'l.m?2 and perfusion pressures at
about 60 mmHg throughout the CPB period. CPB
was conducted at systemic hypothermia (core
temperature, 28°C) and moderate hemodilution
(hematocrit, 26%). Cardiac arrest was initiated by
aortic cross-clamp; and cold cardioplegia and
topical cooling were used for myocardial
protection.

The same anesthetic and surgical team
performed all operations. LIMA anastomosis to
LAD and all distal anastomoses were performed
during a single period of cross clamping the CPB.
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After these anastomoses were performed, the
cross-clamp was removed and the LAD perfusion
was provided. Then rewarming was completed
and the heart was allowed to beat either
spontaneously or by the use of defibrillation. By
this time, patients were randomized in one of the
two groups in terms of terminating the CPB. In
group 1 (n=10), CPB was terminated before the
proximal anastomoses were completed. Proximal
anastomoses were performed using a partial-
occluding side clamp and the heart was perfused
through the LAD during this time. In group 2
(n=12), CPB was terminated after completion of
all proximal anastomoses.

Biochemical markers of myocardial injury.

Blood samples were collected from the
coronary sinus to measure blood gases, acid-base
status and plasma levels of lactate, hypoxanthine,
malondialdehyde (MDA) and wuric acid as
biochemical markers of myocardial injury.
Parameters were evaluated at five time intervals:
first sample (control) after initiation of CPB and
before aortic cross clamping (t1), at the time of
aortic cross clamp removal (12), 5 minutes after
cross clamp removal (t3), 5 minutes (t4) and 15
minutes (t5) after CPB termination.

The levels of thiobarbituric acid reacting
substances in serum, as a measure of lipid
peroxidation, was determined as described by
Wade and Van Rij (2). For determination of
hypoxanthine, one milliliter of serum was
deproteinized with an equal volume of ice-cold
perchloric acid (8%). After centrifugation, the
supernatants were neutralized using 0.7 M
K;PO, and hypoxanthine levels were determined
using xanthine oxidase (3). Taking the molar
absorptivity of uric acid (12200 M-lcml),
xanthine oxidase-catalysed formation of uric acid
was measured at 293 nM. Hypoxanthine
concentration was calculated as nmol/ml of
serum,

Statistical analysis:

Data are presented as mean + standard
deviation (SD). Mann Whitney-U test was used
for comparisons between groups and Friedman
and Wilcoxon tests were used for repeated
measurements of dependent variables within
groups. Values of p<0.05 was defined as
significant.



RESULTS

Patient and surgical characteristics of the
groups were similar (Table 1). Lactate levels at
five time intervals in group one were 2,1+0,8
mmol/L; 3.4+0,9 mmol/L; 4,1+1,2 mmol/L;
3.8+1,5 mmol/L; 3,5+1,1 mmol/L and in group
two, 1,6+£0,5 mmol/L; 4,0+0,8 mmol/L; 3,9+0,9
mmol/L; 3,3%1,0 mmol/L; 3,5+1,1 mmol/L
respectively. Hypoxanthine levels in groups were
7,244 6 nmol/ml; 14,1£9.3 nmol/ml; 18,9+7,1
nmol/ml; 22.8+4,4 nmol/ml; 30,1+8,9 nmol/ml
and 93+45 nmol/ml; 15,0+3,7 nmol/ml,
23.4+10,5 nmol/ml; 28,9+8,5 nmol/ml;
35,0+10,2 nmol/ml respectively. Plasma MDA
levels were 0,76+0,12 pmol/L; 0,86+0,11
umol/L; 0,84+0,11 pmol/L; 0,83+0,13 pmol/L;
0.86+0,13 pmol/L and 0,8320,07 pmol/L;
0.83+0.11 umol/L; 0,90+0,09 pmol/L; 1,00+0,09
umol/L; 0,98+0,12 pmol/L. respectively. Plasma
uric acid levels in groups were 4,63+1,74 mg/dl;
435+1,33 mg/dl; 4,68+1,46 mg/dl; 4,65+1,76
mg/dl; 4,71£1,56 mg/dl and 4,90+1,07 mg/dl;

Table - 1: Patients' and surgical characteristics

4,23+1,12 mg/dl; 4,58+0,91 mg/dl; 5,16+1,16
mg/dl; 5,42+1,24 mg/dl respectively.

Plasma lactate and hypoxanthine levels
were significantly increased over time in both
groups (p< 0.01) (Fig. 1 and 2). Lactate levels in
all time measurements were higher than the
baseline levels in both groups. However the
values were insignificant between groups (p>
0.05). Hypoxanthantine levels demonstrated an
increasing trend over time in both groups but the
changes were also similar between groups. There
were no significant differences in levels of MDA
in group 1 but the changes in group 2 were
significant over time (p< 0.01) (Fig. 3). MDA
levels measured after termination of CPB (t4 and
t5) were significantly higher in group 2 compared
to those in group 1 (p=0.001 and p=0.034,
respectively). Uric acid values did not differ
between groups or within groups over time (p>
0.05) (Fig. 4).

Regarding the acid-base status; there were
no differences with respect to changes in pO, and

Group 1
Age (year) 614+79
Gender (M/F) 9/1
Weight (kg) 733+9,1
XC duration (min) 360+ 64
CPB duration (min) 6721158
Operation duration (min) 3450+ 273

Group 2

596+94
11/1
75,1 £ 102
35,6+ 8,9
938+ 295 *
3159 + 28,8

Mean + SD. (XC: aortic cross-clamp; CPB: cardiopulmonary bypass)

* p=. 0.05 compared to group 1.
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Fig. 1: Plasma lactate levels (mmol/L).
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Fig. 2: Plasma hypoxanthine levels (nmol/ml). Hypoxh:
hypoxanthine.
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*p-0.05 Fig. 4: Plasma uric acid levels (mg/dl). UA: uric acid.
compared to group 1. MDA: malondialdehyde.
Table - 2: Acid-base status in two groups.
‘ Group 1 Group 2
T1 T2 T3 T4 TS T1 T2 T3 T4 TS
Pa0: (mmHg)  34,4£7,1 39,1+7,6 33,9+5,5 35,346,8 35,9+7,0 | 24,4£5,0 32,3+83 22,4460 25,6+5,5 27,4469
PaCO: (mmHg) 38,246,7 37,649,0 32,3+4,1 35,446,8 40,1+8,6 | 43,4+8,2 47,0x16,0 41,7+8,1 38,0+6,2 40,7+6,7
pH 7.40+0,05  7,42+0,12 7,48+0,06 7,47+0,06 7,44+0,06| 7,38+£0,05 7.25+0,1* 7,40+0,07 7,46+0,05 7,44+0,06
Base excess -1,1£3.5 -0,4+3.3 0,6+2,3 1,5£0,9 2,3£2,0 -0,5£1,0 -6,545,0* -0,2+2,0 2,2+1.4 2,3+2.3
HCO-3 (mEqg/L) 23,943,5 24,0£2,3 23,9+1,7 25,5+1,1 269+2.6 | 25.8+1.8 20,0+4,0* 25,5+1,8 26,9+1,8 27,5£2.4
iCa++ (mmol/L) 0,96+0,19  0,81£0,13  0,76+0,12 0,93+0,12 0,89+0,15] 0,95£0,11 0,73+0,18* 0,84+0,11 0,88+0,14 0,90+0,08

Mean + SD.* p<' (.05 compared to group 1.

pCO, levels in the two groups over time (Table
2). Comparison between groups demonstrated
that pH, base excess, ionized calcium and
bicarbonate levels from coronary sinus samples
taken at the time of cross<clamp removal (12)
decreased significantly in group 2 when
compared to group 1 (p<0.05).

Three patients in group 1 and none in group
"2 required inotropic support after termination of
CPB (p>0.05). There were no differences with
respect to administration of defibrillation after
cross-clamp removal to produce the heart beat.

DISCUSSION

With the introduction of coronary artery
bypass grafting, surgeons have developed their
own techniques for performing the operation,
with uniform success. In this study two
techniques of terminating CPB were compared
with respect to their effects on biochemical
markers of early myocardial injury.

In hospitals where the proximal
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anastomoses are completed first, the technique is
to side-clamp the aorta without placing the
patient on bypass unless hemodynamic instability
or electrocardiogram changes suggesting
myocardial ischemia are present. Core
temperature is typically between 32 to 33°C.
Once this part of the procedure is completed,
extracorporeal circulation is initiated. In
institutions where the distal anastomoses are
performed first, the patient is placed on
extracorporeal circulation and core temperature is
reduced as quickly as possible before bypass
grafting of native coronary arteries is attempted.
As soon as the distal anastomoses are completed,
the aortic cross=clamp is removed and the aorta is
side-clamped to permit completion of the
proximal anastomoses. The technique in our
hospital also involves the distal anastomoses to
be performed first. After removal of aortic cross
clamp core temperature is usually about 34°C and
typically increasing. In cases whose
hemodynamic status and myocardial contractility



are suitable, CPB is terminated and the proximal
anastomoses are performed using a side clamp on
the aorta in order to shorten the duration of CPB.

Although CPB is fundamental for cardiac
operations, it is associated with substantial
postoperative morbidity (4). CPB can trigger the
release of endotoxin, which can act as a powerful
trigger for release of cytokines. Complement
activation during CPB has also been suggested a
contributing phenomenon to the release of
cytokines. The release of cytokines during CPB
can have deleterious effects on the heart and on
other organs. The proinflammatory cytokines can
significantly alter myocardial contractility.
Studies in adults have shown that beside leading
to intense complement activation, transient
neutropenia with sequestration of the neutrophils
in the pulmonary vasculature, and profound
changes in both humoral and cellular immune
function (5), prolonged duration of CPB is also
associated with an increased risk of myocardial
distention and damage to the already jeopardized
heart, a potential need for additional blood
products, and the augmented unfavourable
“whole-body inflammatory response" including
intrinsic coagulation, the classic complement
pathway, fibrinolysis, kinin function, and
neutrophil activation (6). Thus the main purpose
of this study was to evaluate the myocardial
effects of a technique that shortens the duration of
CPB during CABG surgery so that all the above
mentioned deleterious effects might decrease.

Hayashi et al (7) has shown that the duration
of CPB is one of the factors associated with
requirement for early inotropic support during
emergence from CPB in patients undergoing
CABG surgery. The use of inotropic agents is not
free of nisks. Injudicious use of these agents may
be associated with tachycardia, dysrhythmias,
hyperglycemia, increased reperfusion injury, and
additional medical expense (8, 9). In this study
two groups did not differ with respect to use of
inotropic agents during and after CPB. The
incidence of arrythmias or defibrillation
requirements were similar.

Most cases of CPB are associated with
aortic cross clamping, which results in global
myocardial ischemia, whereas the release of the
aortic cross-clamp results in myocardial
reperfusion and subsequently more severe
myocardial damage (4). The mechanisms are

primarily related to ischemia-reperfusion of the
myocardium and also other organs. Thus, the
chief determinant factor in respect to
postoperative functional outcome (cross-
clamping vs duration of CPB) is controversial.
Animal models have demonstrated that a severely
decreased blood supply to the actively
contracting myocardium results in a depression
of high-energy phosphates (10-12), depressed
systolic and diastolic function (13-15), and
ultrastructural changes in mitochondria and
tubular structures (16). This is the case where
aortic clamping is removed and LAD perfusion
has been provided but the other anastomoses are
not completed, thus some part of myocardium is
contracting with no reperfusion in our protocol. If
reperfusion occurs early, all of these factors may
be restored to normal (16-18). However, if
reperfusion occurs too late, then some or all high-
energy phosphates, myocardial function, or
histological features may not return to normal
(16, 19, 20). Because of the design of our study,
only the first 30 to 45 minutes after LAD
reperfusion could be studied. The products of
energy metabolism in our study typically
demonstrated similar changes. MDA levels in
samples taken after termination of CPB were
significantly higher in group 2. This is the only
significant difference between the groups in
terms of terminating CPB. However the peak
levels as well as the duration of increased levels
could not be determined so the clinical
significance of comparison between groups could
not be established. Immediate and exaggerated
release of end-products of energy metabolism did
not return to normal values within the
observation time, though signs of cellular
acidosis at the time of cross-clamp removal in
group 2 were transient and gradually reversed to
normal levels within five minutes. This
statistically significant difference in blood gas
analysis at the time of cross-clamp removal was
unrelated to the technique of CPB termination.
The lower levels of pH, base excess, ionized
calcium and bicarbonate levels at this time
indicates the role of higher pO, levels in the

reperfusion injury.
In conclusion, the authors believe that

despite minor differences between the groups the
clinical significance remains controversial.
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