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Amaç: Off-pump ve konvansiyonel on-pump koroner arter
bypass greftlemeden (KABG) sonra oluflan miyokard doku hasa-
r›, serum kreatin kinaz MB (CK-MB), miyoglobin ve kardiyak
troponin I (cTnI) düzeyleri ölçülerek de¤erlendirildi.

Çal›flma plan›: ‹lk kez elektif KABG planlanan 30 hasta rastge-
le seçimle iki gruba ayr›ld›: on-pump (n=15) ve off-pump (n=15)
KABG. Tüm hastalardan befl kez kan örne¤i al›nd›: Ameliyat
öncesinde (m1), anestezi indüksiyonu sonras›nda (m2), on-
pump KABG grubunda aortik klemplerin ç›kar›lmas›ndan 30
dakika sonra, off-pump KABG grubunda ise son distal anasto-
mozdan 30 dakika sonra (m3), ameliyat sonras› 12. saatte (m4)
ve 24. saatte (m5). Serum CK-MB aktivitesi immüninhibisyon
yöntemiyle, miyoglobin ve cTnI aktivitesi direkt kemilumino-
metrik teknikle de¤erlendirildi.

Bulgular: On-pump grubunda ortalama kros-klemp süresi
74.9±17.0 dakika, off-pump grubunda hedef koroner arter ok-
lüzyonuna ba¤l› ortalama iskemik süre 25.7±9.1 dakika idi.
Kullan›lan greft say›s› on-pump grubunda anlaml› derecede
fazla idi (p=0.041). ‹ki grupta da ölüm olmad›; olumsuz kar-
diyak olay aç›s›ndan da iki grup aras›nda anlaml› farkl›l›k gö-
rülmedi. Serum CK-MB aktivitesi off-pump grubunda bir
hasta d›fl›nda anlaml› farkl›l›k göstermezken, on-pump gru-
bunda m3, m4 ve m5’te anlaml› art›fllar görüldü. Bu düzeyler
off-pump grubuyla da anlaml› farkl›l›k gösterdi (s›ras›yla,
p<0.001, p<0.01 ve p<0.01). Miyoglobin aktivitesi iki grupta
da tüm ölçümlerde anlaml› derecede artt›; ancak, iki grup ara-
s›ndaki farkl›l›k sadece m3’te anlaml› idi (p<0.001). Serum
cTnI aktivitesi en üst de¤erlere iki grupta da m4’te ulaflt›. Ar-
t›fllar off-pump grubunda normal s›n›rlar içinde kal›rken, on-
pump grubunda m3, m4 ve m5’te anlaml› idi. Bu zamanlarda
ölçülen de¤erler off-pump grubuyla da anlaml› farkl›l›k gös-
terdi (p<0.001). 

Sonuç: ‹ki teknik karfl›laflt›r›ld›¤›nda, off-pump KABG’de da-
ha düflük düzeyde miyokard doku hasar› meydana gelmektedir.
Anahtar sözcükler: Biyolojik belirteçler; kardiyopulmoner bypass/
yöntem/yan etki; koroner arter bypass; kreatin kinaz/kan; miyokard
iskemisi/kan; troponin I/kan.

Evaluation of myocardial injury by serum levels of creatine kinase MB,
myoglobin, and cardiac troponin I following off-pump and on-pump

coronary artery bypass
Off-pump ve on-pump koroner arter bypass cerrahisi sonras› miyokard doku hasar›n›n

serum kreatin kinaz MB, miyoglobin ve kardiyak troponin I düzeyleriyle de¤erlendirilmesi
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Background: We evaluated myocardial tissue injury by measur-
ing serum levels of creatine kinase MB (CK-MB), myoglobin,
and cardiac troponin I (cTnI) after off-pump coronary artery
bypass grafting (CABG) and conventional on-pump CABG.

Methods: Thirty patients undergoing first-time elective
CABG were randomly assigned to on-pump (n=15) or off-
pump (n=15) CABG. Blood samples were taken before
surgery (m1), after induction of anesthesia (m2), 30 minutes
after aortic unclamping in the on-pump CABG group or 30
minutes after the last distal anastomosis in the off-pump
CABG group (m3), and at postoperative 12 hours (m4) and
24 hours (m5). Serum CK-MB activity was measured by the
immunoinhibition method, and myoglobin and cTnI were
measured by direct chemiluminometric technology.

Results: The mean duration of cross-clamping in the on-pump
group was 74.9±17.0 minutes and the mean ischemic period due
to target coronary artery occlusion in the off-pump group was
25.7±9.1 minutes. The number of grafts used was significantly
higher in the on-pump CABG group (p=0.041). There were no
deaths and no significant differences were observed with regard
to adverse clinical events. Although serum CK-MB activity did
not differ significantly in the off-pump group except for one
patient, increases at m3, m4, and m5 were significant in the on-
pump group. The two groups differed significantly at m3
(p<0.001), m4 ( p<0.01), and m5 (p<0.01). Myoglobin activity
showed significant increases at all times in both groups, but this
showed significance only at m3 between the two groups
(p<0.001). Serum cTnI activity reached peak values at m4 in
both groups. Increases remained within the normal range in the
off-pump group, whereas they were beyond normal at m3, m4,
and m5 in the on-pump group, showing significant differences
with the off-pump group (p<0.001). 

Conclusion: Of the two techniques, off-pump CABG is asso-
ciated with less myocardial tissue injury.
Key words: Biological markers; cardiopulmonary bypass/meth-
ods/adverse effects; coronary artery bypass; creatine kinase/blood;
myocardial ischemia/blood; troponin I/blood.
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Conventional coronary artery bypass grafting (CABG)
is effective, safe and has an acceptable mortality rate.
Cardiopulmonary bypass (CPB), global cardiac arrest
and hypothermia still cause significant morbidity and
ischemic myocardial injury.[1-4] Although these adverse
effects of CPB are mostly reversible, avoiding the use
of CPB is thought to be associated with lesser postop-
erative morbidity. Minimally invasive CABG and off-
pump CABG with median sternotomy have been shown
to be beneficial and associated with reduced myocardial
injury.[3-7]

Off-pump CABG is performed on beating heart
without the use of CPB and global cardiac arrest.
However, there is still a risk for ischemic myocardial
injury that results from the normothermic and metabol-
ically active myocardium during the occlusion of the
target coronary artery.

The aim of this prospective study was to evaluate
myocardial tissue injury by measuring serum levels of
creatine kinase MB (CK-MB), myoglobin, and cardiac
troponin I (cTnI) after two types of surgical myocardial
revascularization: off-pump CABG by median sternoto-
my and conventional on-pump CABG.

MATERIALS AND METHODS

Patients. After obtaining written informed consent, 30
patients undergoing first-time elective CABG were
randomly assigned to two groups: on-pump CABG
(n=15), and off-pump CABG (n=15). The exclusion
criteria were the presence of unstable angina, acute
myocardial infarction of less than a-month duration,
ejection fraction of less than 40%, and concomitant
valvular disease or skeletal muscle disease. In addi-
tion, patients with electrocardiographically confirmed
myocardial infarction in the immediate postoperative
period and showing significant increases in cardiac
enzymes were also excluded. The study was designed
only to demonstrate the contribution of the two types
of CABG surgery to myocardial tissue injury without

further evaluation of major adverse outcomes.
Preoperative and perioperative data on the patient
groups are summarized in Table 1.

On-pump CABG. In all the cases surgical access was
gained via a median sternotomy. After harvesting
bypass grafts, heparin was administrated (300 U/kg)
before aortic cannulation. Anticoagulation was main-
tained during CPB and monitored with activated clot-
ting time measurements (Hemochron 801,
International Technique Corp, Edison, NJ, USA). We
performed moderate systemic hypothermia (30 °C-32
°C) in all the patients. A roller pump, a nonheparinized
circuit and a hollow-fiber oxygenator (Bentley, Univax
Membrane Oxygenation Module, Baxter Healthcare
Corp, Bentley Laboratory Division, Irvine, CA, USA)
were used. The pump flow was kept between 2.0-2.5
L/min/m2 body surface area to maintain a mean arter-
ial pressure of 50 to 70 mmHg. Myocardial protection
was achieved by an initial antegrade infusion of the
St. Thomas’ crystalloid cardioplegia and then contin-
ued with intermittent antegrade cold blood cardiople-
gia. Distal and proximal anastomoses were construct-
ed during one period of aortic cross-clamping.

Off-pump CABG. After a median sternotomy and har-
vesting the bypass grafts, heparin (150 U/kg) was
administered. The Octopus Tissue Stabilizer (Octopus-
3 28400, Medtronic, Cardiac Surgical Products, MI,
USA) was used for the stabilization of the target coro-
nary artery. First, the proximal anastomosis of the vein
grafts was constructed by the help of a partially occlud-
ing aortic-side clamp. In all the cases, the left anterior
descending (LAD) artery was the first coronary artery
to be revascularized. The target coronary artery was sta-
bilized and occluded proximally with the help of a bull-
dog clamp and then the distal anastomosis was per-
formed. No coronary shunts were used during the distal
anastomosis. Heparin was antagonized with protamin
sulphate until the activated clotting time decreased
below 200 seconds.

Table 1. Comparison of preoperative and operative data

On-pump CABG Off-pump CABG p*

No. of patients 15 15
Age (mean) 59.5±10.8 59.6±9.5
Gender (female/male) 10/5 11/4
Prior myocardial infarction 5 7
Ejection fraction (%) 51.2±8.7 52.1±8.5
Presence of hypertension 8 6
Presence of diabetes mellitus 4 3
Aortic clamping (min) 74.9±17.0 …… –
Use of left internal mammary artery 14 13
No. of grafts used 3.1±0.8 2.4±0.7 0.041
p*: Nonsignificant p values were omitted.
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Blood sampling. As parameters of myocardial injury,
we measured creatine kinase MB (CK-MB), myoglo-
bin, and cardiac troponin I (cTnI) levels. Blood samples
were taken sequentially from the patients before
surgery (m1), after induction of anesthesia (m2), 30
minutes after aortic unclamping in the on-pump CABG
group or 30 minutes after the last distal anastomosis in
the off-pump CABG group (m3), and at postoperative
12 hours (m4) and 24 hours (m5).

Determination of serum CK-MB activity was made
by the immunoinhibition method (Dade-Behring
Dimension RxL, Germany). Myoglobin and cTnI mea-
surements were made by direct chemiluminometric
technology (Automated Chemiluminescence System:
ACS-180, Chicron Diagnostics, East Walpole, MA,
USA). The ACS system detects free cTnI in addition to
the complex forms.

Statistical analysis. Statistical analyses were performed
using the SPSS statistical software (SPSS Inc, Chicago,
IL, USA). Continuous variables were expressed as
mean±standard deviation. Analyses were made with
Kruskal-Wallis, Mann-Whitney U-, chi-square, and
Fischer’s exact tests. Mann-Whitney U-test was used
for comparison of changes in levels (changes in com-
parison to the initial serum levels) of biochemical para-
meters between the two groups. A p value of less than
0.05 was considered to indicate statistical significance.

RESULTS

Preoperative variables of the patients were comparable in
both groups (Table 1). The mean duration of cross-clamp-
ing in the on-pump group was 74.9±17.0 minutes and the
mean ischemic period due to target coronary artery occlu-
sion in the off-pump group was 25.7±9.1 minutes.

The number of grafts used was significantly higher
in the on-pump CABG group (3.1±0.8 vs 2.4±0.7;
p=0.041, Table 1). In the off-pump group, the target
coronary arteries grafted other than LAD were diagonal
(n=3), circumflex (n=7), and right coronary (n=11)
arteries. There were no deaths in both groups. Adverse
clinical events did not differ significantly between the
two groups (Table 2).

Parameters of myocardial injury. Serum concentra-
tions of myoglobin which were initially within the nor-
mal range rose with the initiation of the operation and
reached peak values with the beginning of reperfusion
(m3) in the on-pump group, and at postoperative 12
hours (m4) in the off-pump group. In both groups,
increases in myoglobin concentrations at m2, m3, m4,
and m5 were significant compared to baseline levels,
but this showed a statistical significance only at m3
when the two groups were compared (786±185 ng/ml
vs 213±51 ng/ml; p<0.001). This may possibly be due

to diverse time intervals of culmination in serum myo-
globin concentrations in the two groups (Fig. 1).

Baseline CK-MB levels were within the normal
ranges. Serum concentrations began to rise with the
operation and reached peak values at m3 and m4 in the
on-pump and off-pump groups, respectively. Compared
to initial levels, serum CK-MB values did not differ sig-
nificantly at all times in the off-pump group except for
one patient who did not manifest any ECG change.
However, increases were significant at m3, m4, m5 in
all the patients in the on-pump group. When the two
groups were compared, CK-MB was significantly ele-
vated in the on-pump group at m3 (52.0±11.6 U/L vs
24.3±8.6 U/L; p<0.001), m4 (48.4±10.0 U/L vs
24.6±10.2 U/L; p<0.01), and m5 (37.7±7.0 U/L vs
22.2±9.5 U/L; p<0.01) (Fig. 2).

Preoperative cTnI concentrations were within the
normal range and raised with the operation, reaching
peak values at m4 in both groups. Increases remained
within the normal range in the off-pump group at all
measurements, whereas they were beyond the normal
range after reperfusion (m3), and remained higher at
m4, and m5 in the on-pump group. Comparison of the
two groups showed significantly higher values in favor
of the on-pump group after reperfusion (m3) (4.0±1.9
ng/ml vs 0.3±0.5 ng/ml; p<0.001), at m4 (13.2±4.1
ng/ml vs 0.4±0.5 ng/ml; p<0.001) and m5 (8.5±2.4 vs
0.4±0.3 ng/ml; p<0.001) (Fig. 3). 

Table 2. Peri- and postoperative adverse events

On-pump Off-pump

Inhospital mortality 0 0
Perioperative myocardial infarction 1 1
Stroke 1 0
Wound infection 1 1
Postoperative atrial fibrillation 4 3
Intraaortic balloon pump 1 0
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Fig. 1. Changes in myoglobin concentrations. *: p<0.001.
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DISCUSSION

Creatine kinase MB, myoglobin, and cardiac troponins
are specific markers for myocardial injury and are
widely used during CABG surgery.[3-5,7-10]

Conventional CABG causes some degree of intraop-
erative myocardial tissue injury during global cardio-
plegic arrest, resulting in elevations in CK-MB, myo-
globin, and cTnI levels even in patients with an
uneventful recovery.[3-5,11,12]

Higher releases of serum markers showing myocar-
dial injury during on-pump CABG with global cold car-
dioplegic arrest may be due to inadequate perfusion of
the subendocardium and the remaining ungrafted
ischemic areas, unexpected aortic regurgitation, reper-
fusion (whose consequences are not well-known)
through the bypass grafts after unclamping, or to direct
trauma to the myocardium.[10,13,14] On the other hand, off-
pump CABG is considered to be associated with a
potential risk for ischemic myocardial tissue damage
due to normothermic, metabolically active myocardium
during the occlusion of the target coronary artery.[3]

The present study reveals that the amount of
myocardial injury following an uneventful off-pump
CABG is less than that occurs during an uneventful
course of conventional CABG; this was evident by
lower releases of CK-MB, myoglobin, and cTnI during
off-pump CABG. These findings may indicate that
regional normothermic warm ischemia due to target
coronary artery occlusion during off-pump CABG
causes less myocardial injury than that seen with glob-
al cold cardioplegic arrest during conventional on-
pump CABG. Our findings are consistent with two
studies that demonstrated less myocardial injury with
off-pump CABG.[4,5]

The cTnI levels in our study were somewhat high-
er than reported in some previous studies, which may

be related to different assay technology and the kits
used.[4] The ACS method applied in our study detects
free cTnI. Similar cTnI levels were reported by Wan et
al.[5] who used the same method, and by Kilger et al.[3]

who used a fluorogenic sandwich enzyme immunoas-
say method.

Etievent et al.[9] showed that increases in cardiac spe-
cific serum markers of myocardial injury during coro-
nary procedures, especially in cTnI, might be used as an
indicator of the efficiency of cardioprotective proce-
dures. Reversible myocardial ischemia can cause func-
tional disintegrity of myocardial cell membranes and
consecutive release of cytocolic molecules without cel-
lular necrosis.[3,15] Taking this into consideration, we did
not include patients who developed perioperative
myocardial infarction to exclude irreversible myocar-
dial ischemia, and still the release of cytocolic mole-
cules from reversibly injured myocytes was significant-
ly lower in patients undergoing off-pump CABG.

Hadjinikolaou et al. [16] investigated another specific
marker for cardiac muscle, cardiac troponin T (cTnT),
and found significantly higher cTnT levels in patients
undergoing conventional CABG when compared with
those measured for minimally invasive direct CABG.
They also reported that cTnT levels in the latter group
remained within the normal range just as cTnI levels
measured in our study in the off-pump group.

The authors of the present study are aware that the
results might have been influenced by the following
limitations: the small patient size, the lesser number of
grafts used in the off-pump group, and the lack of uti-
lization of angiography to show early graft patency.
These may somewhat result in comparable clinical out-
comes in both groups. However, recent studies suggest
that differences in clinical outcomes may only be man-
ifest between high risk patients undergoing CABG with
or without CPB.[17-19]
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Fig. 2. Changes in CK-MB concentrations. *: p<0.001; ‡: p<0.01.
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The consensus document of the Joint European
Society of Cardiology/American College of Cardiology
Committee states that the higher the value of the cardiac
biomarker, the greater the amount of damage to the
myocardium irrespective of the mechanism.[20]

In conclusion, normothermic regional ischemia dur-
ing off-pump CABG causes less myocardial tissue
injury than that resulting from on-pump CABG with
global cold cardioplegic arrest, and this may be demon-
strated by changes in serum levels of CK-MB, myoglo-
bin, and cTnI. Compared to global cold ischemia
induced by cardioplegia, multiregional warm ischemia
during target coronary occlusion is associated with less
myocardial injury.

REFERENCES

1. Cremer J, Martin M, Redl H, Bahrami S, Abraham C,
Graeter T, et al. Systemic inflammatory response syndrome
after cardiac operations. Ann Thorac Surg 1996;61:1714-20.

2. Wan S, DeSmet JM, Barvais L, Goldstein M, Vincent JL,
LeClerc JL. Myocardium is a major source of proinflammato-
ry cytokines in patients undergoing cardiopulmonary bypass. J
Thorac Cardiovasc Surg 1996;112:806-11.

3. Kilger E, Pichler B, Weis F, Goetz A, Lamm P, Schutz A, et al.
Markers of myocardial ischemia after minimally invasive and
conventional coronary operation. Ann Thorac Surg 2000;
70:2023-8.

4. Czerny M, Baumer H, Kilo J, Lassnigg A, Hamwi A,
Vukovich T, et al. Inflammatory response and myocardial
injury following coronary artery bypass grafting with or
without cardiopulmonary bypass. Eur J Cardiothorac Surg
2000;17:737-42.

5. Wan S, Izzat MB, Lee TW, Wan IY, Tang NL, Yim AP.
Avoiding cardiopulmonary bypass in multivessel CABG
reduces cytokine response and myocardial injury. Ann Thorac
Surg 1999;68:52-6.

6. Tasdemir O, Vural KM, Karagoz H, Bayazit K. Coronary
artery bypass grafting on the beating heart without the use of
extracorporeal circulation: review of 2052 cases. J Thorac
Cardiovasc Surg 1998;116:68-73.

7. Birdi I, Caputo M, Hutter JA, Bryan AJ, Angelini GD.
Troponin I release during minimally invasive coronary artery
surgery. J Thorac Cardiovasc Surg 1997;114:509-10.

8. Bonnefoy E, Filley S, Kirkorian G, Guidollet J, Roriz R,
Robin J, et al. Troponin I, troponin T, or creatine kinase-MB
to detect perioperative myocardial damage after coronary
artery bypass surgery. Chest 1998;114:482-6.

9. Etievent JP, Chocron S, Toubin G, Taberlet C, Alwan K,
Clement F, et al. Use of cardiac troponin I as a marker of
perioperative myocardial ischemia. Ann Thorac Surg 1995;
59:1192-4.

10. Eigel P, van Ingen G, Wagenpfeil S. Predictive value of
perioperative cardiac troponin I for adverse outcome in
coronary artery bypass surgery. Eur J Cardiothorac Surg 2001;
20:544-9.

11. Jacquet L, Noirhomme P, El Khoury G, Goenen M, Philippe
M, Col J, et al. Cardiac troponin I as an early marker of
myocardial damage after coronary bypass surgery. Eur J
Cardiothorac Surg 1998;13:378-84.

12. Vermes E, Mesguich M, Houel R, Soustelle C, Le Besnerais
P, Hillion ML, et al. Cardiac troponin I release after open
heart surgery: a marker of myocardial protection? Ann
Thorac Surg 2000;70:2087-90.

13. Voci P, Bilotta F, Caretta Q, Chiarotti F, Mercanti C, Marino
B. Mechanisms of incomplete cardioplegia distribution dur-
ing coronary artery surgery. An intraoperative trans-
esophageal contrast echocardiography study. Anesthesiology
1993;79:904-12.

14. Keller MW, Spotnitz WD, Matthew TL, Glasheen WP,
Watson DD, Kaul S. Intraoperative assessment of regional
myocardial perfusion using quantitative myocardial contrast
echocardiography: an experimental evaluation. J Am Coll
Cardiol 1990;16:1267-79.

15. Piper HM, Schwartz P, Spahr R, Hutter JF, Spieckermann
PG. Early enzyme release from myocardial cells is not due to
irreversible cell damage. Mol Cell Cardiol 1984;16:385-8.

16. Hadjinikolaou LK, Cohen AS, Aitkenhead H, Richmond W,
Stanbridge RD. Troponin-T in minimally invasive coronary
operations. Ann Thorac Surg 1997;63:1511-2.

17. Mahanna EP, Blumenthal JA, White WD, Croughwell ND,
Clancy CP, Smith LR, et al. Defining neuropsychological dys-
function after coronary artery bypass grafting. Ann Thorac
Surg 1996;61:1342-7.

18. Jansen EW, Borst C, Lahpor JR, Grundeman PF, Eefting FD,
Nierich A, et al. Coronary artery bypass grafting without car-
diopulmonary bypass using the octopus method: results in
the first one hundred patients. J Thorac Cardiovasc Surg 1998;
116:60-7.

19. Peterson ED, Cowper PA, Jollis JG, Bebchuk JD, DeLong
ER, Muhlbaier LH, et al. Outcomes of coronary artery
bypass graft surgery in 24,461 patients aged 80 years or
older. Circulation 1995;92(9 Suppl):II85-91.

20. Myocardial infarction redefined-a consensus document of
The Joint European Society of Cardiology/American College
of Cardiology Committee for the redefinition of myocardial
infarction. Eur Heart J 2000;21:1502-13.

C
A

R
D

IA
C

 S
U

R
G

E
R

Y

228 Turkish J Thorac Cardiovasc Surg  2005;13(3):224-228

Türk et al. Evaluation of myocardial injury following off-pump and on-pump coronary artery bypass


