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Abstract:  
Background: Acute Myocardial infarction (AMI) is a major cause of reduction in cardiac function. The degree 
of myocardial damage following myocardial infarction is the key predictor of immediate as well as long term 
reduction in cardiac function and other complications. Though CK- MB(Creatine Kinase-MB) levels are useful 
for assessing prognosis after AMI, the validity of the test goes down after 36 hours due to sudden fall in levels. 
Serum ceruloplasmin, an acute phase protein, also increases during myocardial infarction with elevated levels 
for more than 20 days. In this study, we made an attempt to find the correlation between serum ceruloplasmin 
levels, CK-MB and left ventricular ejection fraction (LVEF) to assess if Serum Ceruloplasmin could be used as 
a proxy to CK-MB for prediction of adverse cardiac outcomes, thereby having a reliable prognostication marker 
after 48 hours. 
Methods: 55 Patients diagnosed with AMI in a tertiary care center were enrolled in the study. Serum CK-MB 
levels and left ventricular ejection fraction on the same day and Serum Ceruloplasmin levels on the second day 
were measured and correlational studies were done. 
Results: The Serum ceruloplasmin levels were showing significant positive correlation with serum CK-MB 
levels and significant negative correlation with Left ventricular ejection fraction. 
Conclusions: The magnitude of elevation of serum ceruloplasmin levels, showed a significant positive 
correlation with CK-MB levels which is an established marker reflecting the extent of injury in the myocardium 
after AMI. As the serum ceruloplasmin levels showed a significant negative correlation with LVEF, it could be 
used to predict the functional status of myocardium following AMI. So, the serum ceruloplasmin could be used 
as an independent prognostic tool, like CK-MB and LVEF. 
Keywords: Acute myocardial infarction (AMI), Ceruloplasmin, Creatine Kinase-MB(CK-MB), Left ventricular 
ejection fraction (LVEF) 
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Introduction

The prevalence of coronary artery diseases is 
progressively increasing over years due to the 
increased prevalence of obesity, diabetes, and 
metabolic syndrome and increasing population of 
aged people. Myocardial Infarction is projected as 
one of the major causes of mortality worldwide for 
2030 by WHO.[1]  

AMI is associated with intense tissue necrosis due 
to loss of blood flow to the myocardium. CK-MB 
from myocardial infarct tissue is released into the 
blood stream and is detectable in blood. Infarct size 
is a major determinant for in-hospital and long-
term prognosis after AMI. The magnitude of post 
infarct rise of circulating CK-MB  levels reflects 
the extent of injury.[2] Increase in   CK-MB level 
is  transient , starting within 3 to 6 hours following 
onset of symptoms, reaching peak levels between 

16 to 30 hours and returning to normal by 24 to 36 
hours.[3] Immediately after coronary occlusion, 
myocardium ceases to function in the area 
subserved by the involved vessel. Hence Infarct 
size proportionally alters left ventricular ejection 
fraction. Mortality and adverse cardiac events are 
related inversely to the ejection fraction.  Hence 
LVEF is an easily measurable and reliable 
prognostic marker for AMI.[4] 

The intense tissue necrosis of AMI is a potent 
acute-phase stimulus causing a major inflammatory 
response. The inflammatory response is activated 
with a robust up-regulation of intra-myocardial 
cytokines within the first few hours to the first day 
after the infarct.[5] This inflammatory response is 
associated with an increase in acute phase protein 
Ceruloplasmin.[6] 

http://www.ijpcr.com/


 

International Journal of Pharmaceutical and Clinical Research                       e-ISSN: 0975-1556, p-ISSN: 2820-2643 

G et al.                                                                                 International Journal of Pharmaceutical and Clinical Research 

2008 

Unlike the transient increase of CK-MB, 
Ceruloplasmin concentration in the plasma 
increases slowly and reaches a peak on 6th to 7th 
day after AMI  and ceruloplasminemia is evident 
till the 25th to 35th day after infarction and 
sometimes stays elevated even further in patients 
with extension of infarcted area.[7] Serial 
estimation of serum ceruloplasmin levels has been 
found to be correlated with the long-term prognosis 
after myocardial infarction.[8] 

The magnitude of serum ceruloplasmin levels 
reflects not only the extent of myocardial necrosis 
but also the inflammatory response of the body to 
the same. Both of these are important factors that 
decide the progress of the disease. But CK-MB 
reflects the quanta of infarcted cells which are 
leaking the enzyme and its levels fall swiftly with 
time. The infarction being a one-time event (If 
there are no re-infarctions) which happened prior to 
the patient being admitted and beyond clinical 
intervention. But ceruloplasmin reflects the 
ongoing inflammatory response following 
infarction, which can be modulated by appropriate 
pharmacological and other means to prevent further 
worsening of conditions. Since ceruloplasmin 
levels stay higher for longer period of time than 
CK- MB (that dip drastically after 24 hours) it can 
also be assessed for a longer period of time.  

Hence in this study, we study the correlation 
between the various established prognostic markers 
like CK-MB & LVEF with serum ceruloplasmin 
levels to see if it could be used as an independent 
and more comprehensive marker which reflects 
both the magnitude of both the infarct and the 
inflammatory response. 

Methods 

Participants are 55 patients admitted in the 
coronary unit in a tertiary care center in Kerala 
with myocardial infarction were serially enrolled 
from 2011 to 2012.Patients who were diagnosed for 
acute myocardial infarction for the first time were 
included in this study as cases. 

AHA criteria have classically been used to 
diagnose MI, a patient is diagnosed with 
myocardial infarction if two or three of the 
following criteria [9] are satisfied: 

1. Clinical history of ischemic type chest pain 
lasting for more than 20 minutes 

2. Changes in serial ECG tracings 

3. Rise and fall of serum cardiac enzymes such as 
creatine kinase, troponin I, and lactate dehy-
drogenase isozymes specific for the heart.  

Exclusion Criteria 

The subjects with the following conditions were 
excluded from the study group.  

• Acute infections or chronic inflammatory 
diseases or on treatment for any of these 
conditions in the last 4 weeks. 

• Recent trauma  
• Conditions with reduced baseline cardiac 

activity like previous myocardial infarction, 
cardiomyopathy, valvular heart disease and 
heart failure. 

• Postmenopausal hormone therapy 
• Conditions with high baseline inflammation or 

tissue damage like chronic inflammatory 
diseases, leukemia, hepatic or renal disease, 
chronic smoking etc. 

Investigations Done 

1. Creatine Kinase -MB: Blood samples were 
collected from the study group, on the day of 
admission to estimate serum Creatine Kinase- 
MB and estimation was done by Automated 
immunoinhibition method. 

2. Ceruloplasmin: Blood samples were collected 
on the second day of admission to the hospital 
for the estimation of serum ceruloplasmin level 
and estimation was done by 
Immunoturbidimetric assay.  

3. In all patients left ventricular ejection fraction 
measurement was done on the day of 
admission by echocardiography. 2-D 
echocardiography was performed with Nemio-
30 device by Toshiba and biplane Simpson 
rule algorithm 

Primary Objectives 

To study the relationship of Serum Ceruloplasmin 
Level with CK-MB level and left ventricular 
ejection fraction in patients with Acute myocardial 
infarction. 

The data was entered into a personal computer 
using Microsoft Excel. For the analysis of the data, 
SPSS was used. Suitable statistical correlation and 
regression analysis were performed to elucidate the 
results of the study. P-value of <0.05 was 
considered significant, and a p-value of > 0.05 was 
considered not to be significant. 

Results
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Table 1: Distribution of age (in years) in males and females of study population 
Age in years Sex Total 

Male Female 
N % N % N % 

 <55 8 29.6 3 10.7 11 20.0 
56-60 13 48.1 18 64.3 31 56.4 
61-65 4 14.8 5 17.9 9 16.4 
66-70 2 7.4 2 7.1 4 7.3 

Total 27 100.0 28 100.0 55 100.0 
 
Table 1 shows the age and gender distribution of 
participants in the study. Both in male and female 

category the maximum participants were in the age 
group of 56-60 years.

 
Table 2: Mean values of Serum ceruloplasmin, CK-MB and LVEF 

  Mean 
Age (years) 
  

Male 58.3 
Female 59.2 

Serum ceruloplasmin (mg/dL) 
  

Male 52.5 
Female 56.2 

Serum CK-MB (IU/L) 
  

Male 58.8 
Female 53.8 

LVEF (%) 
  

Male 42 
Female 43.9 

 
The mean serum ceruloplasmin level in males was 
52.5mg/dL. The mean serum ceruloplasmin level in 
females was 56.2mg/dL  

The mean serum CK-MB level was 58.8 IU/L in 
males and 53.8IU/L in females. 

The mean value of the left ventricular ejection 
fraction was 42% in males and 43.8% in females.

 
Table 3: correlation of Serum ceruloplasmin with CK-MB 

 
Serum ceruloplasmin 

Serum creatine kinase-MB (CK-MB) 
Pearson’s correlation coefficient (r)  p 

 0.977 <0.001 
 

 
Figure 1: Scatter diagram showing correlation between serum ceruloplasmin and CK-MB 

 
There was significant positive correlation between 
serum ceruloplasmin and serum CK-MB level. 

Pearson’s correlation coefficient, r=0.977 
(p<0.001)

 
Table 3: correlation of Serum ceruloplasmin with Left ventricular ejection fraction 

Serum ceruloplasmin LVEF (%) 
Pearson’s correlation coefficient (r)  p 

 -0.991 <0.001 
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There was significant negative correlation between 
serum ceruloplasmin and left ventricular ejection 

fraction. Pearson’s correlation coefficient, r=0.991 
(p<0.001)

 

 
Figure 2: Scatter diagram showing correlation between Serum ceruloplasmin levels and left ventricular 

ejection fraction 
 
Discussion  

In our study the mean serum ceruloplasmin level in 
males was 52.5mg/dL, The mean serum 
ceruloplasmin level in females was 56.2mg/dL, 
which was higher than the normal value (15-30 
mg/dL). Ceruloplasmin, a copper-containing 
glycoprotein that is found in the plasma carries 
approximately 90% of plasma copper. 
Ceruloplasmin being an acute phase reactant 
protein, synthesized by liver, its level rises 
immediately after cellular damage in acute MI.[10] 
The inflammatory response is activated in the 
infarcted area of myocardium ,in turn releases 
cytokines like Interleukin-6 which is a major 
inducer of acute phase response under hypoxic 
stress.[5] So serum ceruloplasmin level after acute 
myocardial infarction reflects the extent of 
inflammatory process induced by acute myocardial 
injury. Reunanen et al in their study showed high 
concentration of serum ceruloplasmin in patients 
with Acute MI and showed that ceruloplasmin 
decreases slowly and reaches the baseline within a 
month.[11] HB Sirajwala et al in their study 
showed that serum ceruloplasmin level in patients 
of Acute MI were abnormally high.[12] There are 
studies in which serum ceruloplasmin after acute 
myocardial infarction is found to be an independent 
predictor of adverse cardiac outcomes.[8] 

The mean serum CK-MB level measured on the 
first day of admission was 58.8 IU/L in males and 
53.8IU/L in females in our study. CK-MB, one of 
the most important myocardial markers in 
diagnosis of myocardial infarction. In AMI plasma 
concentration of CK-MB increases within 3 to 6 
hours following onset of symptoms of myocardial 
infarction and reaches peak levels between 16 to 30 
hours and returns to normal by 24 to 36 hours.[3] 
Clinical studies have demonstrated a close 
relationship between the extent of injury to the 

myocardium (infarct size) following MI and 
increased serum CK-MB concentrations.[13] 
Similarly, significant correlations have been 
observed between CK-MB estimated infarct sizing 
and left ventricular echocardiography.[4] American 
College of Cardiology/American Heart Association 
practice guideline updates in 2002 accepted CK-
MB as a marker for risk stratification of acute 
myocardial infarction patients admitted in 
hospitals.[9] Yee KC et al [14]  in their study 
evaluated the independent prognostic value of CK-
MB mass in 542 consecutive patients with 
myocardial infarction and identified it as 
significantly associated with higher risk of death 
and major cardiac events at six months follow-up. 
In a prospective study evaluating 401 consecutive 
patients with chest pain of cardiac origin, the 
researchers examined the independent prognostic 
value of CK-MB mass.  A multiple logistic 
regression analysis revealed that CK-MB mass 
emerges as an independent marker for major 
cardiovascular events at 6-months follow-up.[15] 

Relation between serum ceruloplasmin level and 
creatine kinase-MB 

In our study there was a significant positive linear 
correlation between serum ceruloplasmin level and 
serum CK-MB level, Pearson’s correlation 
coefficient, r=0.977 (p-value<0.001).As mentioned 
above serum ceruloplasmin is a marker of acute 
inflammatory process in acute myocardial 
infarction. Studies had shown that serum levels of 
ceruloplasmin following myocardial infarction 
correlate with the infarct size as rise of 
ceruloplasmin may also reflect the extent of 
cytokine mediated inflammation after myocardial 
infarction.[10] Serum ceruloplasmin levels and 
CK-MB levels of the participants are showing a 
linear positive correlation proves that the extent of 
the inflammatory process following acute 
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myocardial infarction, which is measured by serum 
ceruloplasmin level, correlates with the infarct size, 
which is measured by serum CK-MB level, the 
enzyme released from injured cardiac myocytes. 
HB Sirajwala et al in 2007 in a study also found a 
positive correlation of serum ceruloplasmin with 
serum CK-MB levels.[12] 

Increase in CK-MB level is transient as CK - MB 
levels start to dip drastically after 24 hours. But 
ceruloplasmin level remain steadily elevated till 
third week after the myocardial infarction. Hence 
Ceruloplasmin level can be taken as a steadier and 
more robust indicator of the future cardiac 
morbidity and cardiac function than CK-MB. 
Moreover, Ceruloplasmin is a marker of 
inflammation, which play a vital role in deciding 
the extent of damage to the myocardium following 
infarction.[16] In studies with the prognostic value 
of serum Ceruloplasmin has been evaluated, Serum 
Ceruloplasmin increased significantly at 72 hours 
and reached peak levels at 7 days.[7] Serum 
ceruloplasmin levels showed a prognostic value 
because they were significantly higher in patients 
with complications and logistic regression analysis 
showed that Ceruloplasmin levels at 72 hours were 
the most important factor related to 12-month 
prognosis.[8] 

Relation between serum ceruloplasmin level and 
left ventricular ejection fraction 

The mean value of the left ventricular ejection 
fraction was 42% in males and 43.8% in females in 
our study. So, both there is a fall in systolic 
function (<50%). Echocardiography shows the 
affected left ventricular wall fails to thicken during 
systole and in fact may be thin, producing systolic 
bulging of the ischemic segment. Survival 
following acute MI is closely related to the degree 
of left ventricular systolic function, reflecting the 
functional state of the surviving myocardium. 
Mortality and reinfarction rates are related 
inversely to the ejection fraction, an easily 
measurable and highly reliable prognostic 
marker.[17] Many investigators have shown an 
important relationship between the two-
dimensional echocardiographic extent of acute 
dysfunction and serious in-hospital AMI 
complications like death, shock, heart failure, and 
arrhythmias and long term outcome.[17,18] There 
was a significant negative correlation between 
serum ceruloplasmin level on the second day of 
admission and left ventricular ejection fraction in 
our study. Pearson’s correlation coefficient, r = -
0.991 (p<0.001). So, we can predict the functional 
state of myocardium using the serum ceruloplasmin 
levels and also help us to predict the prognosis of 
the patients following acute MI. 

So, taking together Serum ceruloplasmin and CK-
MB found elevated following acute myocardial 

infarction, The magnitude of elevation of these 
markers in circulation correlates with the extent of 
myocardial injury following infarction. Serum CK-
MB, which is a marker of extent of myocardial 
infarction, showed significant positive correlation 
with serum ceruloplasmin level. The serum 
ceruloplasmin levels showed a significant negative 
correlation with LVEF. So, we can use the 
ceruloplasmin levels as an independent and better 
predictor of short term as well as long term 
complications, as it reflects both the magnitude of 
infarct as well as inflammatory process, which is 
key controller of myocardial damage following an 
acute infarction. 

Conclusions 

Following are the conclusions of the study. 

1. The magnitude of elevation of serum cerulo-
plasmin levels, a marker of inflammation 
showed a significant positive correlation with 
CK-MB levels which is an established marker 
reflecting the extent of injury in the myocardi-
um after AMI.  

2. The serum ceruloplasmin levels showed a sig-
nificant negative correlation with LVEF, it 
could be used to predict the functional status of 
myocardium following AMI.  

3. The serum ceruloplasmin, as it is a marker of 
inflammation could be used as an independent 
and comprehensive prognostic tool as it re-
flects the magnitude of infarct as well as in-
flammatory response following AMI. 

4. Serum ceruloplasmin level remains steadily 
elevated till third week after the myocardial in-
farction, so it can be taken as a steadier and 
more robust indicator of the future cardiac 
morbidity and cardiac function for the patient’s 
in-hospital and long-term outcome following 
an episode myocardial infarction. 
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