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by High Levels of CRP on Admission in Patients with
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Background: Although primary percutaneous transluminal coronary angioplasty is the method of choice for reperfusion in ST-elevation myocardial infarction, the intravenous thrombolysis is a more frequently used method.
Thus it is important to identify the risks of reperfusion failure. In this regard, CRP as an inflammatory marker
has shown promising value. The aim of this study is to investigate whether CRP level on admission is indicative
of intravenous thrombolysis failure.
Methods: This study comprised 84 patients with STEMI. Samples were taken for CRP before initiation of
thrombolysis. The correlation of CRP levels with thrombolysis results was investigated at the end of the study.
Results: The study population was divided according to their plasma CRP level on admission. The first group
had CRP levels<0.5 mg/L (22 patients) and the second group had CRP levels≥0.5 mg/L (62 patients). There
was a statistically significant difference (P=0.01) between the respondents to thrombolysis in the first (59.1%)
and second groups (29.0%).
Conclusion: It was demonstrated that patients with low CRP levels on admission showed better response to
intravenous thrombolysis while those with high levels of CRP showed unfavorable response.
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Introduction
cute myocardial infarction (AMI) is one of the
most common diseases in developed countries
and its rate of mortality in the first 30 days after diagnosis is about 30%-50%.1 Rapid and adequate
reperfusion of the infracted myocardium is the only
effective treatment in patients with ST-elevation
AMI (STEMI) with resultant preservation of left ventricular systolic performance and more favorable
prognosis.2 Although primary percutaneous transluminal coronary angioplasty (PTCA) is the method
of choice for reperfusion in patients with STEMI, intravenous thrombolysis is the more frequently used
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therapy in many centers with subsequent rescue
PTCA in case intravenous thrombolysis fails to reperfuse the infarct-related artery.3 So, in this setting
the identification of the predictors of intravenous
thrombolysis failure is very important as it may warrant careful attention paid to such patients. Many
clinical and electrocardiographic criteria as well as
biochemical markers have been suggested to help
address thrombolysis failure and one of the most
promising entities is the plasma C-reactive protein
(CRP) level. The previously held idea that atherosclerosis is a progressive process which happens
simply because of lipid precipitation around arterial
wall is recently shadowed by an abundant load of
evidence which supports the primary role of inflammation in the pathogenesis of atherosclerosis and
in plaque rupture which is demonstrated by several
markers including CRP, interleukin-6 and fibrinoIranian Cardiovascular Research Journal Vol.4, No.4, 2010
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gen.4,5 Increased levels of different inflammation
markers especially CRP have been associated with
an augmented risk of developing coronary artery
disease (CAD) in apparently healthy individuals or
with poor prognosis in patients with known CAD.6
CRP is a sensitive and non-specific marker of low
grade systemic inflammation and is released by the
liver.7 Elevated plasma CRP levels in the first days
of myocardial infarction may be related to myocardial necrosis and related to infarct size tissue, and
predictive of complications such as left ventricular
dysfunction and cardiac wall rupture. However, elevated CRP level on admission is an important short
and long-term prognostic factor in acute coronary
syndrome.4,6,7 Therefore it seems that CRP measured on admission may have prognostic value in
prediction of clinical outcome of patients with AMI
and can serve as a guide to select initial treatment
strategy.
The aim of this study is to determine the relationship between plasma CRP levels on admission
and the outcome of intravenous fibrinolysis in patients with STEMI.
Patients and Methods
This cross-sectional study comprised 84 patients with STEMI and was conducted from June
2004 to January 2006. The patients were referred
to the emergency wards of Faghihi and Nemazi
hospitals affiliated with Shiraz University of Medical Sciences Shiraz-Iran. Patients included in the
study were those with ECG changes as shown by
ST segment elevation of ≥ 2 mm in ≥ 2 contiguous precordial leads or ≥ 1mm in ≥ 2 contiguous
limb leads and no contraindication for intravenous
thrombolysis. Intravenous thrombolysis was initiated in the first 6 hours after index pain and the
door to needle time was less than 30 minutes for
all patients.
Exclusion criteria were as follows:
1-ECG changes that interfered with correct diagnosis of ST elevation such as left bundle
branch block.
2-Previous coronary artery bypass surgery
(CABG), percutaneous coronary intervention
(PCI) or AMI.
3- History of any conditions known to alter plasma CRP levels such as recent infection, cancer,
rheumatologic disease, renal and hepatic failure.
4- Premature discontinuation of intravenous
thrombolysis due to complications.
The use of previous medications was not taken into
account when including the patients.
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The university ethics committee approved the
study and informed consent was obtained from all
participants.
Before initiation of any drug therapy, a venous
blood sample was taken and the coded samples
were stored at -20 Celsius for analysis of high sensitivity CRP (hs-CRP) at the end of the study. Upon
conclusion of the study, plasma hs-CRP levels
were measured by a highly sensitive immunonephelometric method (miniphen® human C-reactive
protein kit) by a technician blinded to the study
goals with a lower limit of detection at 0.1 mg/L. The
higher normal limit of plasma CRP was 0.5 mg/L
and was considered as cut off point.
All the patients received 325 mg of chewable aspirin on admission which was continued daily with
a dosage between 80 to 325 mg. Other drugs such
as β-blockers, angiotensin-converting enzyme inhibitors, intravenous nitroglycerin, statins and anticoagulants were given according to published
guidelines.1 Streptokinase (heberkinase, Heber
Biotec S.A., Havana, Cuba) 1,500,000 units diluted
in 200 ml of normal saline was given via a peripheral venous line in 60 minutes. Ninety minutes after infusion of streptokinase, another 12 lead ECG
was taken from the patients and compared with the
baseline ECG by a cardiologist who was unaware
of the study. A reduction of 50% or more in the sum
of ST segment elevation in all affected ECG leads
was considered as resolution of ST segment elevation and thus indicative of response to intravenous
thrombolysis (group 1) and less than 50% reduction was considered as failure to therapy (group 2).
The sum of ST segment elevation was measured
20 msec after the end of QRS with PR segment as
the baseline.
Values are expressed as mean ± SD for normally distributed variables and as percentage for
discrete variables. Pearson Chi-Square, Fisher’s
exact test and t-test were used as appropriate. P
values of 0.05 or less were considered significant.
The data were gathered using a questionnaire and
then statistical analysis was performed using a
commercially available computer program (SPSS®
version 11 for Windows®, SPSS Inc., Chicago, Illinois, US).
Results:
The mean age of the patients under study was
57±11 years. There were 28 (33.3%) females and
56 (66.6%) males. Of 84 patients, 23 (27.3%) had
diabetes, and 23 (27.3%) hypercholesterolemia.
Thirty-six (42.8%) patients were smokers and 8
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Table 1. Demographic and clinical features of study population
Responsive to
thrombolysis
(Group 1)
31 (36.9%)
21 (67.7%)
54.9 ± 1.7
12 (38.7%)
6 (18.7%)
17 (54.8%)
7 (22.5%)
8 (25.8%)
2 (6.4%)
2.5 ± 0.45

Variable
Number of patients
Male
Age
Smoker
DM
BMI over 25
HTN
Hypercholesterolemia
Family history of CAD
Mean CRP level (mg/L)

(9.5%) had a significant history of familial ischemic
heart disease, while some patients had more than
one risk factor for coronary heart disease.
Totally 31 patients (37.0%) responded to intravenous thrombolysis and the remaining 53 (63.0%)
non-responding cases subsequently underwent
PCI. The mean CRP level in subjects who responded to intravenous thrombolysis was lower than that
of the non-responsive patients, although the difference was not statistically significant (2.5±0.45 vs.
2.9±0.47, P=0.11). The basic demographic data of
the population study is shown in Table 1.
The study population was also divided according to their plasma CRP level on admission. The
first group had CRP levels<0.5 mg/L (22 patients)
and the second group had CRP levels≥0.5 mg/L
(62 patients). These two groups were compared
considering their response to intravenous thrombolysis (Table 2). There was a statistically significant difference between the respondents to intravenous thrombolysis (59.1% of the patients in the first
group) and non-respondents (29.0% of cases in the
second group, P=0.01)
Discussion
As shown in the present study, about 37% of patients with STEMI responded to intravenous fibrinoTable 2. percentage of response to thrombolysis according to CRP levels on admission
CRP level

Response to therapy

Total

Yes

No

CRP < 0.5 mg/L

13 (59.09%)

9 (21.95%)

22

CRP ≥ 0.5 mg/L

18 (29.03%)

44 (70.96%)

62

31 (36.90%)

53 (63.09%)

84

161

Not responsive to
thrombolysis (Group
2)
53 (63.1%)
35 (66%)
58.9 ± 1.6
24 (45.2%)
15 (28.3%)
22 (41.5%)
28 (52.8%)
14 (26.4%)
6 (11.3%)
2.9 ± 0.47

P value

0.53
0.52
0.36
0.26
0.68
0.006
0.58
0.37
0.11

lytic therapy. All 84 patients were divided according
to their plasma CRP levels on admission into two
groups; one with high CRP levels (CRP≥0.5 mg/L)
and the other with normal CRP levels (CRP<0.5
mg/L). They were then compared regarding their
response to intravenous thrombolysis. It was demonstrated that patients with low CRP levels on admission exhibited better response to intravenous
thrombolysis while those with high CRP levels
showed unfavorable response and had to undergo
subsequent rescue PCI. On the other, hand the
mean CRP level in patients who were responsive to
thrombolysis were lower than those who were not,
although the difference was not statistically significant but may suggest that CRP level on admission
may have important prognostic value.
This study adds further evidence to the already
expanding data that CRP as an inflammation marker plays an important part in the pathogenesis and
prognosis of AMI.
Foussas et al have demonstrated that an elevated plasma CRP level provides additional prognostic value to TIMI risk scores in patients with either ST elevation or non-ST elevation.11 This finding
was also confirmed by Montaner at al but on the
contrary Bennermo et al. have shown that markers
of inflammation including CRP do not contribute to
prognostic information beyond the previously described risk factors.5,9
A heightened inflammatory state has been associated with resistance to thrombolytic therapy as
well as increased thrombus burden and impaired
microvascular perfusion in patients treated for AMI.
As a result, CRP can contribute both to thrombus
formation and its stability and thus decreased efficiency of reperfusion therapy.6,10 On the other hand,
it is shown that successful reperfusion therapy atIranian Cardiovascular Research Journal Vol.4, No.4, 2010
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tenuates the inflammatory response by minimizing the release of inflammatory mediators from
jeopardized myocardium as evidenced by negative correlation of CRP with TIMI flow grade in the
culprit artery which may be an important benefit of
thrombolytic therapy in AMI.5,7 Considering these
data, attention has been focused on the value of
CRP level on admission to determine the best possible treatment strategies for patients. Although
increased CRP levels in patients during admission
is multifactorial and may reflect the extent of preexisting atherosclerosis or vulnerability of plaques.
Also the presence of risk factors such as smoking
and obesity, the extent of necrosis, early complicating infections or a combination of these entities as
well as the influence of genetic factors and the use
of medications such as statins, warrants much consideration to be given to CRP level on admission.6,12
Gheno et al have reported that a high plasma CRP
on admission was independently and positively related to mortality of hospitalized patients.13 Tomoda
et al, have found that elevated CRP levels in the
first 6 hours of AMI were positively associated with
more adverse outcome in admitted patients, including cardiac death after PTCA.14 Nikfardjam et al
have retrospectively shown that there was a positive association between plasma CRP levels on admission and 3-year cardiac mortality.15 Tommasi et
al, have shown that patients with increased levels of
CRP early in the first 8 hours of uncomplicated AMI
constituted a high-risk group for cardiac death and
new acute coronary events during the first year.16
Pietilä et al have demonstrated a gradual inverse
relationship between peak plasma levels of CRP,
estimated during the first days of ST elevation AMI,
and the probability of 24 months survival.17 However, in Pietilä’s study, CRP measurements were
made late in the course of AMI, and subsequently,
CRP values were significantly influenced by the extent of intercurrent myocardial necrosis.2 Zairis et al
have shown that a high CRP level value before the
start of intravenous thrombolysis is strongly associated with reperfusion failure which was also shown
by Hoffmann et al and Foussas et al.2,3,8 Interestingly Mueller at al. have also demonstrated that early
revascularization does not ameliorate the negative
prognostic impact of elevated CRP.18 Dibra et al
found that predictive value of CRP was confined to
patients treated with intravenous thrombolysis and
was not predictive of myocardial salvage in patients
treated with stenting.6 In a study by Amasyali et al,
it was shown that ninety minutes after initiation
of streptokinase, patients with normal CRP level
Iranian Cardiovascular Research Journal Vol.4, No.4 , 2010

(CRP<0.5 mg/L) achieve TIMI 3 flow more than
those patients with high CRP level (CRP>0.5 mg/L)
who generally reach TIMI 2 flow after reperfusion.4
The importance of plasma CRP level on admission was also highlighted in our study which was
of cross-sectional nature, and reflected an actual
clinical practice in many centers where primary
PCI was not routinely performed and intravenous
thrombolysis was the method of choice for reperfusion. CRP level determined on admission may
be of specific value for early therapeutic decision
making and patient treatment in the heterogeneous
population of patients referred to heart centers. Patients with elevated CRP levels on admission may
need special attention for identifying thrombolysis
failure and possibly the appropriate adjustment of
treatment.
As with previous reports, our study had some
limitations. First of all it may be claimed that larger
myocardial necrosis or longer pre-admission delay
may be associated with both elevated CRP levels
and less successful reperfusion and unfavorable
outcome.2 This cannot be excluded unless larger
trials are done. The patients under study had not
undergone catheterization immediately after administration of intravenous thrombolysis. Therefore,
the estimated TIMI grades do not represent the flow
in the infarction-related artery early after thrombolysis. However, complete ST-segment resolution is a
reliable predictor of myocardial reperfusion and is
well related to TIMI 3 flow in the infarct-related artery after thrombolysis.2,19
Another limitation of our study was the lack of
totally matched patients in our study group which
was due to a rather small sample size. Despite this
limitation our patients were matched in all demographic data except the history of hypertension
which was not known to affect CRP level but still
other better designed studies with larger samples
and improved matching are needed.
Another point worth mentioning is the success
rate of reperfusion after intravenous thrombolysis
with streptokinase in our study which was estimated to be about 37%. This was close to values reported by several studies with success rate within
the range of 40%-75% and depending on several
factors including patient’s comorbidities, demographic data, admission time to emergency room,
door to needle time, interpretation of ECG and even
manufacturer of streptokinase.20-24
Finally it can be concluded that CRP level on
admission may be used to predict the outcome of
thrombolysis in patients with AMI and may in the
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future be integrated into the protocol management
of patients with AMI to avoid more invasive procedures.
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