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ABSTRACT Back ground: Coronary artery bypass graft (CABG) may be associated with inflammatory response and 
myocardial damage. The study compared pre-operative and post-operative sialic acid levels in both, low risk 

and high risk patients, undergoing CABG.
Materials and Methods: Pre-operative and 24 hours post-operative blood samples were collected in low risk and high risk coronary 
artery disease patients scheduled for CABG and sialic acid was estimated. 
Results: Although post-operative protein bound sialic levels were significantly higher in both low and high risk patients undergoing 
CABG (pre-operative vs post-operative p<0.01), the increase was more significant in high risk group when compared to low risk group 
(low risk vs high risk group - pre-operative p<0.001 and post-operative p<0.001)
Conclusion: Increased post-operative SA suggests that it might be useful in assessing inflammation and myocardial damage in patients 
undergoing CABG. SA may help in differentiating the high risk from the low risk varieties undergoing CABG.

Introduction 
Coronary artery bypass grafting (CABG) is the surgical treatment 
for coronary artery disease (CAD) (Nagpal et al, 2006). CABG was 
found to be associated with an intense inflammatory response 
(Larmann et al, 2004). Although the systemic inflammatory 
response is recognized to contribute to patient morbidity and 
mortality after CABG, there is paucity for studies linking specific 
mediators with a defined adverse outcome (Landis, 2007). Sialic 
acid, (SA), a family of acetylated derivatives of neuraminic acid 
that increases in inflammatory response has been recognized as 
an independent marker for predicting cardiovascular risk (Nigam 
et al, 2006).  Moreover perioperative myocardial infarction is a 
major problem during CABG, in high risk patients (Stanton et al, 
2003). With regard to this, considerable interest has been shown 
in evaluating SA as a unique and novel marker which could be 
particularly useful in assessing myocardial cell damage in pa-
tients undergoing CABG and the rate of increase for SA found 
to be significantly higher than the traditional cardiac markers 
(Berkan et al, 2002). But research done so far for evaluating the 
usefulness of SA in CABG patients are very limited and documents 
reported have failed to compare their levels in the high risk and 
low risk undergoing CABG, which would throw some insight into 
whether this marker could differentiate the selected risk groups, 
that form important determinants in adding on to the burden of 
CABG complications.

Hence, the present study was taken up to estimate and compare 
the pre-operative and post-operative levels of   SA in both, low 
risk patients and high risk patients, undergoing CABG.

Materials and Methods
Study design 
The study protocol was approved by the Institutional Ethics 
Committee. 100 patients with CAD referred to the cardiotho-
racic department of a tertiary care hospital from August 2012 
till January 2013 was included in the study. The study group in-
cluded patients aged between 40 - 75 years, undergoing CABG. 
A written informed consent was obtained from all patients the 

day before the surgery. The patients undergoing CABG were 
subjected to coronary angiography and echocardiography. The 
left ventricular function was assessed by echocardiography. The 
patients were divided into two groups - Group І and Group II. 

Group І included  low risk CAD patients (n=50) undergoing 
CABG with  either one of the following criteria - good left ven-
tricular function, i.e. ejection fraction  > 40%, no major risk fac-
tors for surgery, having stable angina and no history of previous 
infarct. 
 
Group ІІ 
included high risk CAD patients (n=50) undergoing CABG in the 
study centre.  Patients identified with low ejection fraction (< 
40%) were included in this group.

Exclusion criteria
Patients with valvular heart disease, ventricular aneurysm, 
heart failure, lung disease, cirrhosis, renal disease were exclud-
ed from the study.

Biochemical measurements
Blood samples were drawn for biochemical analysis from the 
cubital vein, 12 hour before operation and 24 hours post-op-
erative. The blood was transferred to plain bottles, shaken well 
and then centrifuged at 3000rpm for 5 min, and the serum was 
separated. The serum thus collected was stored at -20°C until 
further analysis. 100µl of serum was precipitated using 5ml eth-
anol and centrifuged at 500rpm for 5min. Supernatant was sep-
arated from the precipitate. Protein bound SA was analyzed by 
the ninhydrin method proposed by Yao et al. (1989) Precipitate 
was dissolved in 1ml of 0.1N NaOH. In the standard test tube 
100µl of standard SA was taken and in blank test tube 100µl of 
distilled water was taken, 1ml of glacial acetic acid and 1ml of 
ninhydrin reagent were added to all the test tubes and kept in 
boiling water bath for 10 min and cooled under tap water and 
absorbance was measured at 470nm in a spectrophotometer( 
thermo scientific) against blank set at zero. 
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Statistical analysis:
Data was analysed with the statistical package for social science 
version 11 (SPSS-11). The level of significance of the difference 
in the mean between groups and their comparison was done us-
ing Student’s t-test. SA was expressed as mean ± SD values. P 
value ≤ 0.05 was considered to be statistically significant.

Results 
The mean age of the patients in group I (low risk patients) was 
53.06 ± 7.7 years and   group II   (high risk patients) was 58.1 
± 6.7 years.   

Table 1: The post-operative levels of serum SA, were significant-
ly increased compared to pre-operative levels in both the low 
risk (p<0.01) and high risk (p<0.01) patients undergoing CABG

Table 2: Pre-operative levels of serum SA in the high risk group, 
showed a significant increase (p<0.001) compared to low risk 
group.

Table 3: Post-operative levels of serum SA in the high risk group, 
showed a significant increase (p<0.001) compared to low risk 
group

Discussion 
Despite the fact with evidence that coronary artery bypass 
grafting surgery (CABG) prolongs life and reduces symptoms 
in patients with severe coronary artery diseases, these benefits 
are accompanied by increased risks (Stanton et al, 2003). Sur-
gery leads to the amelioration of ischemia, and an improvement 
in symptoms in the long term. However, the operative period 
is highly important as a determinant of short- and long - term 
outcome (Gillies et al, 2005). Morbidity associated with CABG 
can be attributed to the generalized inflammatory response. 
During CABG, surgical trauma may be one of the factors that 
can elicit a systemic inflammatory response (Butler et al, 1993). 
Serum sialic acid, an inflammatory marker has been shown to 
be a strong predictor of cardiovascular mortality (Sriharan et 
al, 2002).

In the recent years the role of SA as a predictor of cardiovascular 
events has gained considerable interest (Sriharan et al, 2002). 
Several studies have reported elevated levels of SA in coronary 
artery disease (Crook et al, 1998). It has been reported that in 
coronary artery disease elevated serum SA is due to some type 

of acute –phase reaction. Elevated serum SA levels might also be 
due to either shedding or secretion of SA-containing glycolipids 
and/or glycoproteins into plasma from myocardial cells (Süer 
et al., 2006).

In the present study we observed that protein bound SA in 
CABG patients was significantly increased post-operatively than 
preoperative levels. The increase in SA levels may be as a re-
sult of mechanical damage occurring during operation or due 
to the inflammatory response of surgical trauma (Wysocka et 
al, 2005).

On comparing the low risk and high risk groups, the pre-opera-
tive SA showed a statistically significant increase in the high risk 
group. This may suggest that preoperatively, inflammatory re-
sponse is more exaggerated in high risk group when compared 
to the low risk group. This necessitates the need for better care 
to lower the inflammation in such group, which may have an im-
pact on the surgery.  Similarly the post-operative protein bound 
SA in the high risk group was significantly higher than the post 
-operative levels in the low risk group. This increase in the high 
risk group postoperatively indicates higher amount of perio-
perative myocardial damage and inflammatory response in 
high risk patients undergoing CABG when compared to the low 
risk patients. Studies done by Lindberg et al. (1991), observed 
that serum SA is a strong predictor of cardiovascular mortal-
ity. Crook et al. (1997), has earlier reported raised myocardial 
SA levels in high risk patients. SA might be useful in assessing 
myocardial damage in patients undergoing CABG. However the 
present study has its limitations that it has not simultaneously 
estimated the SA along with other traditional cardiac markers in 
selected groups undergoing CABG.  

In conclusion, increased serum sialic acid in the post-operative 
condition suggests that it might be useful in assessing inflam-
mation and myocardial damage in patients undergoing CABG. 
The pre and post operative levels of SA in both these groups 
may help in differentiating the high risk from the low risk varie-
ties undergoing CABG. Further research is necessary to clarify 
whether intervention strategies to attenuate inflammation and 
myocardial damage will have an effect on SA levels in high and 
low risk groups undergoing CABG.  

1: Comparison of pre- and post-operative levels of sialic acid  in serum   of  low risk and high risk patients of CABG (Mean ± SD)
                          Study Groups

Low Risk Group of OPCABG (n=50) High Risk Group of OPCABG (n=50)

Parameters Preoperative Postoperative p value Preoperative Postoperative p value

Sialic acid (mg/dl) 35.7 ± 2.1 36.9 ± 2.9 <0.01 44.2 ± 2.6 45.6 ± 2.07 <0.01

Table 2: Comparison of pre-operative levels of sialic acid in serum of the study groups (Mean ± SD)

Table 3: Comparison of post-operative levels of sialic acid in serum of the study groups (Mean ± SD)
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