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Introduction: Myocardial infarction (MI) due to coronary artery disease (CAD) has become a leading cause
of death worldwide surpassing malnutrition and infectious diseases especially in a developing country like
India. However, recent technological advances in diagnostic tools have led to the utilization of various blood biomark-
ers of clinical significance in detecting heart disease like myocardial infarction at an early stage. Various lipid, protein
and enzymatic biomarkers like lipoproteins, CK-MB, troponin and inflammatory acute phase proteins have been studied
extensively for the early detection and management. There is a need for studies involving a single biomarker of detec-
tion as well as for identification of the extension of involvement to decide on effective management of patient. Hence
we have focused on the study of variations in serum high sensitive C reactive protein (hsCRP) concentration and its cor-
relation with the extent of lesion involvement in M.

Some clinical studies have shown circulating levels of CRP correlating with total infarct size in acute MI, post Ml compli-
cations and with prognosis. Thus CRP is beginning to emerge as a marker of underlying coronary inflammation indicat-
ing the extent of myocardial necrosis. Keeping in view the significance of this aspect of role of hsCRP estimation, we
studied 50 cases presenting with acute coronary syndrome (ACS) to King George Hospital, Visakhapatnam, India from
December 2012 to September 2014. We measured hsCRP level in each patient to determine the association between
hsCRP and ACS and its significance in the prognosis.

Results: Acute Coronary syndrome was observed to be highest among the age group of 41 to 50 years and chest pain
was the most common presenting complaint with smoking as the most common risk factor. Out of 50 patients with
acute coronary syndromes, 34(68%) patients had STEMI, 8 (16%) had UA and 8 (16%) had NSTEMI. Out of 34 pa-
tients who had STEMI, extensive anterior wall involvement was the most common type. Left ventricular failure was the
most common complication seen in 15(30%) patients. Serum hsCRP levels were significantly increased in 34 (68%) out
of 50 patients of acute coronary syndrome and 30 (60%) patients with high hsCRP levels developed post MI complica-
tions with LVF being the most common. All the values showed statistical significance was (P<0.01).

Conclusion: Present study has shown a strong correlation not only in the various levels of serum hsCRP and ACS, but
has also shown an association between the concentration of the hsCRP and the extent of myocardial involvement and
post Ml complications. The observed strong association establishes the role of inflammatory markers in atherosclerosis
and progress to acute myocardial infarction and post Ml complications. Hence hsCRP being an acute phase protein,
a strong inflammatory marker with a longer half-life can be considered as a robust biomarker of clinical significance.
The fact that more number of STEMI patients having increased levels of hs-CRP shows increased incidence of adverse
cardiac outcomes, when compared with UA/NSTEMI, suggest that hs-CRP levels may be related to the severity of in-
flammatory processes associated with multiple plaque rupture or infarct expansion in the spectrum of acute coronary
syndrome. Raised hs-CRP levels are independent markers of adverse outcomes. Hence hs-CRP levels obtained at ad-
mission in acute coronary syndromes can be used as a marker for identification of patients who are likely to develop
significant complications in the immediate in-hospital course and to predict the prognosis.

However, the limitation of this study includes a small sample size and a single serum hsCRP measurement instead of
serial estimations at intervals and this limitation can be overcome in our future studies.

Introduction

Coronary artery disease (CAD) is a leading cause of death
worldwide even in a developing country like India. De-
spite progress in the prevention of cardiovascular diseas-
es, a significant proportion of first cardiovascular event
occurs among individuals without traditional risk factors.
The advancements in understanding pathophysiologi-
cal mechanisms of atherosclerotic vascular diseases have
brought new insight regarding potential indicators of un-
derlying hidden atherosclerosis and cardiovascular risk.
Coronary plaque disruption, with consequent platelet ag-
gregation and thrombosis, is the most important mecha-

nism by which atherosclerosis leads to the acute ischemic
syndromes of unstable angina, acute myocardial infarction,
and sudden death’.

With growing evidence that atherosclerosis is an inflam-
matory process, several plasma markers of inflammation
have been evaluated as potential tools for the prediction
of coronary events?. However, recent technological ad-
vances in diagnostic tools have led to the utilization of
various blood biomarkers of clinical significance in de-
tecting heart disease like myocardial infarction at an early
stage. Various lipid, protein and enzymatic biomarkers like
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lipoproteins, CK-MB, troponin and inflammatory acute
phase proteins have been studied extensively for the
early detection and management. Inflammation releases
inflammatory cytokines from the inflamed tissue, which
stimulates liver to synthesize a number of acute phase
proteins, including the prototypical acute phase reactant,
CRP. There is a need for studies involving a single bio-
marker of detection as well as for identification of the ex-
tent of involvement to decide on effective management
of patient. Hence we have focused on the study of vari-
ations in serum high sensitive C reactive protein (hs-CRP)
concentration and its correlation with the extent of lesion
involvement in MI. Some clinical studies have shown circu-
lating levels of hs-CRP correlating with total infarct size
in acute MI, post Ml complications and with prognosis®.
Thus hs-CRP is beginning to emerge as a marker
of underlying coronary inflammation indicating an extent
of myocardial necrosis. The present study is an observa-
tional and prospective estimation of hsCRP level to de-
termine the association between hsCRP and ACS and its
significance in the prognosis.

2. Material and Methods

Study design: The present study was conducted selecting
fifty patients in age group ranging between 30 to 80 years
with a male to female ratio of 4:1 with acute coronary syn-
dromes [ST Elevation Acute myocardial Infarction (STEMI)
or Unstable angina (UA) or Non ST Elevation Myocardial
Infarction (NSTEMI)] who were admitted in Intensive
Cardiac Care Unit of King George Hospital, Visakhapa-
tnam, Andhra Pradesh, India from December 2012 to
September 2014. Written consent was taken from each
patient or closest relative.

Inclusion Criteria: Patients admitted to ICCU of King
George Hospital with the diagnosis of STEMI , UA or
NSTEMI. Diagnosis of Acute coronary syndrome was made
based on history, physical examination and electrocardio-
gram.

Exclusion Criteria: (i). All cases of stable angina (i) Pres-
ence of infectious diseases (i) Patients with neoplastic
diseases, (iv).Recent major trauma (v).Recent major sur-
gery. (vi) Patients on immunosuppressive drugs (vii).Osteo-
arthritis, Rheumatoid arthritis, Psoriatic arthritis, gout (viii)
Immunological disorders. (ix) .Patients on Statins, Fibrates,
niacin and Aspirin.(x) Patients on oestrogen or progester-
one pills.

Detailed history, clinical examination and laboratory tests
were the tools used to exclude these conditions.

Study patients underwent the following Investigations:
Hb%, TC, DC, ESR, RBS, RFT,ECG,2D ECHO,CK-MB, Tro-
pnin T, Fasting Lipid Profile & hsCRP levels measured
within 6 hours of admission.

The present study was focussed on hsCRP levels and an
association was studied with the extent of involvement
and with post MI complications

Laboratory method of measuring hs C-reactive protein:
hs-CRP was measured on TURBILYTE-CRP using turbidi-
metric immunoassay for the determination of C-reactive
protein in serum of the patient and is based on the
principle of agglutination reaction. The test sample was
mixed with TURBILYTE-CRP latex reagent and allowed
to react. Presence of CRP in the test specimen results in
the formation of an insoluble complex producing a tur-
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bidity, which is measured by spectrophotometer at 546
nm wavelength. The increase in turbidity corresponds
to the concentration of CRP in the test specimen®. hs-
CRP levels were measured on the day of admission within
6 hours. The hs-CRP detection limit of this test is 1 mg/L.
Therefore, values of <1mg/L were taken as Low or no risk,
1-3mg/L as average risk, >3 mg/L as High risk as per AHA/
CDC risk assessment guidelines®

All patients were followed up for 30 days and observed
for the development of complications.

STATISTICAL ANALYSIS:
Statistical analysis was performed using Chi-square test.
Results were considered significant if P <0.05.

3. Results

After analysing the data out of fifty patients in age group
ranging between 30 to 80 years with a mean age of 58.21
years where the highest incidence seen between 41 and
50 years with male to female ratio of 4:1 with acute coro-
nary syndromes. Chest pain was the most common symp-
tom accounting for 43(86%) patients, followed by sweating
in 34(68%), Breathlessness in 18(36%), Vomiting in 12(24%)
and Giddiness in 4 (8%) patients. In this study the most
common risk factor was Smoking, accounting for 35 (70%)
patients followed by Diabetes (32%) and Dyslipidaemias
(50%). It is noted that out of 40 male patients who suffered
acute coronary syndromes, 35 (87.5%) were smokers.

Out of 50 patients with acute coronary syndromes, 34 pa-
tients (68%) had STEMI and 16 patients had UA/NSTEMI,
out of which 8 (16%) had UA and 8 (16%) had NSTEMI.
Out of 34 patients who had STEMI, 15(44%) had Extensive an-
terior wall involvement ( most common type) followed by An-
tero septal 10(29.4%), Inferior wall 7(20.5%) and Anterolateral
walls 2(5.88%) in descending order of frequency.

In our hospital, pharmacological reperfusion performed to
eligible patients was Streptokinase 1.5 million units infusion
, Out of 34 patients with STEMI. Only 21 patients were eli-
gible for Streptokinase therapy. Chest pain of more than 12
hrs duration and established Q waves (9 patients) was the
most common cause to withhold thrombolysis followed by
Hypotension (4 patients). LVF was the most common com-
plication seen in 15(30%) patients, followed by Cardiogenic
shock 6(12%), AV block 6(12%), and 2(4%) had LBBB. 5(10%)
patients had VT/ VF and died. Thus 34 (68%) patients suf-
fered from complications whereas 16 (32%) patients did not
have any complications.

Distribution of Post MI Complications with hs CRP lev-
els among various types of Acute Coronary Syndromes
:Of the 50 patients 15 had AWMI, out of which 13 had hs-
CRP>3mg/L and met with complications ,Other complica-
tions in decending order of frequency.(Ref table 1)

TABLE 1: DISTRIBUTION OF POST MI COMPLICATIONS
WITH hs-CRP LEVELS AMONG VARIOUS TYPES OF ACS

Post Ml Complications
DIAGNOSIS No of Cases [hs CRP <3 |hs CRP >3
mg/L mg/L
AWMI 15 0 13
IWMI 7 2 5
ASMI 10 1 6
ALMI 2 0 1
UA/NSTEMI 16 1 5
Total 50 4 30
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Post Ml Complications in relation to hs-CRP Levels: 15
patients had Left ventricular failure, out of which 13 had hs-
CRP levels >3mg/L and 2 had hs-CRP levels <3mg/L (Ref ta-
ble 2)

TABLE 2: POST MI COMPLICATIONS IN RELATION TO
hs CRP LEVELS

Post MI Complica- |Quartiles of hs-CRP

tions (mg %) Total
<1 1-3|>3

Left ventricular

failure 0 2 |13 15

Cardiogenic shock [0 1 15 6

AV Block 0 1 |5 6

LBBB 0 0 (2 2

VT/VF & DEATH |0 0 |5 5

Association between hs-CRP Level and Post Ml Compli-
cations:

Out of 34 patients with complications, only 4 showed
hsCRP levels <3mg/l and 30 showed hs CRP levels>3mg/L.
And out of 16 without complications, 12 showed hsCRP
levels<3mg/L and only 4 showed hsCRP levels>3mg/L.

Chi Square value test value was 30.09 . At one degree of
freedom, P value is statistically very significant (p<0.01).
This indicates patients with hs-CRP levels, measured within
6hrs of admission are at high risk range according to AHA/
CDC risk assessment guidelines and are prone to develop
complications.

Other Investigations:

Raised blood glucose (RBG) : RBG levels were found
elevated in 16(32%) patients who were known diabetes
mellitus patients. Diabetes mellitus is one of the risk fac-
tor for IHD and is considered as IHD equivalent. Troponin
T was positive in 42 patients, out of which 34 patients had
raised hs-CRP and 30 patients met with complications. CK
MB was raised in 36 patients, out of that 34 patients had
raised hs-CRP and 30 met with complications.

Discussion

Chest pain is the most common presenting symptom
in 86% of cases. This is similar to PS Singh et al® showing
the commonest presenting symptom as chest pain (90%),
followed by sweating (75%) and breathlessness (60%). It is
also comparable to Huggins et al? study.

Smoking is the most common risk factor, found in 35
(70%) patients, in contrast to other studies, Mohmoud
Suleiman et al® study where smoking was observed in 40%
of patients , In Salim Yusuf et al"study, 65.19% of patients
were smokers , In PS Singh et al® study, smoking was ma-
jor risk factor (65%). In Foussas et al” study, smoking was
observed in 57% of patients.

Abnormal lipid profile was seen in the Present study
showing 25 (50%) patients with lipid abnormali-
ties., this correlates with other studies .In Foussas et al’
study, 64.6% of patients had lipid abnormalities. And
in Mohmoud Suleiman et al® study, 41% of patients had
dyslipidemias.

Diabetes Mellitus: In the present study 16 (32%) pa-
tients had diabetes as the risk factor, this correlates with
other studies. In Foussas et al 7 study, diabetes mellitus
was seen in 31% of patients and in Mohmoud Suleiman
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et al® study, diabetes was present in 30% of patients. In
PS Singh et al® study, Diabetes was seen in 32%.

Hypertension: in the present study 7 (14%) patients
had hypertension , this differs from many other studies like
Foussas et al’ study (51%) and Mohmoud Suleiman et al®
study (53%) and PS Singh et al® study ( 33%). which corre-
lates with Salim Yusuf et al'® study, (19.3%)

Type of ACS: Out of 50 ACS patients in the present study,
34 (68%) had STEMI, 8 (16%) had UA and 8 (16%) had
NSTEMI. This correlates with Schaan et al19 study where
71% patients had STEMI ,12% had NSTEMI and 17% with
unstable angina. It differs from Magdalena Krintus et al11
study where out of 220 patients with ACS, 96(43.6%) had
UA, 57(25.9%) with NSTEMI and 67( 30.4%), had STEMI.

Present study also differs with Sheikh et al21 study, where
out of 963 patients, 187 are controls and Out of 776 pa-
tients with ACS, 232 had UA ie.,29.8 %, 258 had STEMI
ie., 33.2% and 286 had NSTEMI ie.,36.8%., Almost similar
number of patients had STEMI in Mohmoud Suleiman et
al study.

Reperfusion Therapy in the present study only 14 (41%)
patients with STEMI underwent reperfusion therapy in the
form of pharmacological thrombolysis with streptokinase
, It is comparable to 32% of patients thrombolysed in
Mohmoud Suleiman et al® study.

Serum hs-CRP in the present study was estimated on the
day of admission within 6 hours. This correlates with most
studies (refer table 4).

As per the risk Categorisation of patients based on hs-CRP
levels according to CDC/AHA Guidelines 2003 we consid-
ered values of < Tmg/L as normal concentration of CRP
and low risk, values between 1-3mg/L were taken as aver-
age risk, values of > 3mg/L were taken as high risk. This
correlates with most studies,(Refer table 3)

TABLE 3: CATEGORISATION BASED ON hs-CRP LEVELS
IN VARIOUS STUDIES

Studies Low Risk Qi‘fkrage High Risk
Present Study <Img/L 1-3mg/L | >3mg/L
David et al <Img/L 1-3mg/L | >3mg/L
Buckley DI et al <1mg/L 1-3mg/L | >3mg/L
Morrow et al <Tmg/L 1-3mg/L | >3mg/L

Relation of Raised hs-CRP levels with Post Ml complica-
tions in various studies: In this study of 50 patients with
ACS, 34 (68%) had raised hs-CRP levels (>3mg/L), of
which 30 (60%) patients met with complications , This is in
correlation with most recent studies. Refer table 4.

TABLE 4: RELATION OF hs-CRP LEVELS WITH POST Mi
COMPLICATIONS IN VARIOUS STUDIES

Studies

Results

34 (68%) patients had raised hs-CRP
levels (>3mg/L). And 30 (60%) patients
who had hsCRP levels>3mg/L met with
complications

Present Study

Patients with serum CRP levels 1-3mg/L
had a greater mortality risk in compari-
Morrow et al ' |son with those with levels <1mg/L. The
mortality risk for patients >3mg/L was
even higher.
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Studies Results

Subjects with level >22mg/L (4th quar-
Schiele et al ™ [tile) had 4 times greater mortality risk
within 30 days

Patients with CRP levels >3 mg/L
showed an almost 5-fold increase in the
Schaan et al ™* [risk of death compared to patients with
lower levels, and a 7-fold increase in the
risk of adverse events

Relation of hs-CRP Levels with the type of ACS in vari-
ous studies:

In the present study, 25 (68%) out of 34 STEMI patients,
3 (36%) out of 8 NSTEMI patients, 2 (12%) out of 8 UA
patients had hs-CRP levels (>3mg/L) in high risk range,
indicating more number of STEMI patients had severe in-
flammation and other groups (UA/NSTEMI) had lesser in-
flammation.

In Magdalena Krintus et al' study, the highest CRP levels
were observed in NSTEMI and STEMI patients and were
considerably higher than in UA patients.

Syed shahid et al "2, compared hs-CRP levels in STEMI
and NSTEMI patients, STEMI patients with significant
higher peak hs-CRP levels compared to NSTEMI. These
data suggest that inflammatory process plays an inde-
pendent role in the pathogenesis of myocardial infarction.

In Brunetti ND et al % study, CRP concentrations showed a
different release curve in patients with STEMI in compari-
son with patients with NSTEMI and with patients with UA.
The increase in hs-CRP levels during STEMI seems to be
linked to the extension of myocardial damage.

In Sheikh et al study '%, hs-CRP was elevated (>3 mg/L)
among 27.6% patients with unstable angina; 70.9% with
STEMI; 77.9% patients with NSTEMI and 5.3% in the con-
trol group. Among cases with elevated CRP, 92.1% had a
cardiac event (P < 0.0001). The mortality was significantly
higher (P < 0.0001) in STEMI patients (8.9%) and NSTEMI
(11.9%) as compared to unstable angina (2.1%).

Relationship of hs-CRP levels with Post Ml complica-
tions in the present study showed 34 (68%) patients had
raised levels of hs-CRP >3mg/L. Among these 34 patients,
30(60%)

patients had met with complications and 4 patients did not
have any complications. A raised hs-CRP level >3mg/L was
shown to be significantly associated with serious post Ml
complications such as left ventricular failure (26%), cardio-
genic shock (10%), AV block 6(10%) and LBBB 2(4%), Ven-
tricular Tachycardia/Ventricular Fibrillation and death (10%).

This is in comparison with O Keskins et al ' reported that
high hs-CRP, collected once at admission was an inde-
pendent predictor of 30 day recurrent cardiac events such
as re-infarction, post Ml angina and cardiac death. In this
study, re-infarction and post MI angina were not noted
but LV failure (30%) and mortality (10%) were observed as
check.

Suleiman et al ®reported that a high CRP level obtained
within 12-24 hours of symptom onset, was an independent
predictor of 30 day mortality and heart failure, but not as-
sociated significantly with the development of post infarc-
tion angina or recurrent myocardial infarction in patients
with acute myocardial infarction. Same cardiovascular out-
comes were observed in this study also.
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Benjamin et al '® study was to evaluate hs-CRP across the
spectrum of acute coronary syndrome. Patients with high-
est quartile of hs-CRP were at increased risk of death at 30
days and also with the development of heart failure. They
concluded that increased baseline concentrations of hs-
CRP are strongly associated with mortality and heart fail-
ure across acute coronary syndrome spectrum. This study
also showed increased cardiac complications like LV failure,
cardiogenic shock and mortality in the immediate hospital
course.

Foussas et al’ studied 1,846 patients with acute coro-
nary syndromes and showed that elevated plasma CRP
levels confer a significantly increased risk of future fatal
or non- fatal ischemic complications. Mohmoud Sulei-
man et al® concluded that, plasma hs-CRP levels obtained
within  12-24 hours of symptom onset is an independ-
ent marker of 30 day mortality and the development of
heart failure in patients with acute myocardial infarction.
S Bhagat et al compared 44 unstable angina patients
with 40 age and sex matched healthy controls. They con-
cluded that, the plasma CRP is an independent predictor
of adverse cardiac outcomes in severe unstable angina,
in short term follow-up and hence is yseful for risk strati-
fication of these patients. Pietila K O™ showed that, high
serum hs-CRP concentrations in acute myocardial infarction
patients treated with thrombolytic drugs predict increased
mortality up to 6 months following the myocardial infarc-
tion.

Haruo Tomada et aI22 studied a total of 234 patients
with acute myocardial infarction, and concluded that hs-
CRP levels within 6 hours after the onset of symptoms
reflect the vulnerability of culprit coronary lesions and pre-
dict adverse corpgary events after primary PTCA/stenting.
P Mishra et al studied 50 cases of acute myocardial
infarction and observed that serum hs-CRP concentration
on admission is significant prognostic indicator of their in
hospital stay. Schiele et al "® studied 1500 cases with acute
coronary syndrome and observed hs-CRP improves risk
prediction in patients with acute coronary syndrome.

He LPTX et al 2 study showed higher early blood hs-CRP
moderately increases long-term risk of recurrent cardiovascu-
lar events or death, and may be a valuable prognostic pre-
dictor in patients after ACS. Schaan B.D. et al ' showed hs-
CRP levels adequately predicted increased long-term risk in
a population of patients initially evaluated at admission due
to acute coronary syndrome. This association was observed
independent of lipid levels, and thus may add information for
risk stratification and planning of effective interventions in this
group of patients. Kompoti M et al?* study showed hs-CRP at
admission was a stronger predictor of in-hospital death. Se-
rum hs-CRP at admission is an independent predictor of mor-
tality in hospitalized patients, particularly in the elderly.

Admission CRP higher than 120 mg/l was associated with
increased probability of in-hospital death compared with
lower levels. Similar to these studies, our study also re-
vealed that increased levels of plasma hs-CRP in the
study group were associated with more adverse events.

LIMITATIONS OF THIS STUDY: To assess the role of hs-
C-Reactive protein as prognostic indicator of acute coro-
nary syndrome requires further studies with large sample
size. The prediction of recurrent myocardial infarction, as
part of prognosis could not be done since it required a
longer follow-up. Serial hs-CRP determination could be a
better prognostic predictor than isolated sample of CRP
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estimation, which was not done in this study.

Conclusion

Plasma CRP levels on admission serves to identify high risk
patients in the setting of acute coronary syndromes. Among
patients presenting with acute coronary syndromes with el-
evated hs-CRP (>3mg/L) level is associated with significant
post Ml complications (60%) with significant statistical value
(p<0.01). Our study has shown a strong correlation not only
in the various levels of serum hsCRP and ACS, but has also
shown an association between the concentration of the
hsCRP and the extent of myocardial involvement and post
MI complications. The observed strong association estab-
lishes the role of inflammatory markers in atherosclerosis
and progress to acute myocardial infarction and post MI
complications. Hence hsCRP being an acute phase protein,
a strong inflammatory marker with a longer half-life can be
considered as a robust biomarker of clinical significance.
The fact that more number of STEMI patients having in-
creased levels of hs-CRP has increased incidence of adverse
cardiac outcomes, when compared with UA/NSTEMI, sug-
gest that hs-CRP levels may be related to the severity of
inflammatory processes associated with multiple plaque rup-
ture or infarct expansion in the spectrum of acute coronary
syndrome. Raised hs-CRP levels are independent markers of
adverse outcomes. Hence hs-CRP levels obtained at admis-
sion in acute coronary syndromes can be used as a marker
for identification of patients who are likely to develop sig-
nificant complications in the immediate in-hospital course
and to predict the prognosis.
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