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ABSTRACT
Acute Coronary Syndrome (ACS) includes ST-Elevation Myocardial Infarction (STEMI), non-ST Elevation Myocardial
Infarction (NSTEMI), and Unstable Angina (UA). Platelet plays an essential role in ACS pathogenesis. Immature Platelet
Fraction (IPF) and platelet indices can predict platelet activations. Platelet indices consist of platelet count, Mean Platelet
Volume (MPV), Platelet Distribution Width (PDW), plateletcrit (Pct). This study aimed to analyze the differences of IPF and
platelet indices among ACS patients. This study was an observational analytical cross-sectional study conducted in
Dr. Soetomo Hospital during May-September 2019. The subjects consisted of 30-STEMI, 25-NSTEMI, and 24-UA patients.
The EDTA-samples were measured for platelet indices and IPF using Sysmex XN-1000. The differences between IPF and
platelet indices among STEMI, NSTEMI, and UA patients were analyzed using Kruskal-Wallis and Mann-Whitney test. The IPF
values were significantly higher in STEMI patients than NSTEMI and UA patients. The IPF values of NSTEMI patients were
higher than UA patients. The MPV, PDW, and P-LCR were significantly higher in STEMI and NSTEMI compared to UA. The
MPV, PDW, and P-LCR values of NSTEMI patients were significantly higher than UA patients. The significant differences
between STEMI and NSTEMI toward UA might be caused by the more severe thrombotic conditions in myocardial infarction
patients than UA. The IPF values were significantly different among each type of ACS patients gave an opportunity using this
parameter to differentiate the ACS types. The MPV, PDW, and P-LCR were significantly higher in myocardial infarction
patients than UA patients, which also allowed them to use those parameters to differentiate both conditions.
Keywords: Acute coronary syndrome, platelet indices, IPF, STEMI, NSTEMI, unstable angina

INTRODUCTION
Coronary Heart Disease (CHD) is the leading
cause of disability and death worldwide. Acute
Coronary Syndrome (ACS) is the most common
manifestation of Coronary Heart Disease (CHD). It
was estimated that CHD caused about 7.4 million
deaths in 2015.1 Prevalence of CHD in Indonesia was
about 0.5% (883,447 people) in 2013, with a mortality
rate of 150 per 100.000 people per year.2 This
mortality rate was higher than in other countries,
such as Thailand and Malaysia.3
An acute coronary syndrome is classified into
ST-Elevation Myocardial Infarction (STEMI),
non-ST-Segment Elevation Myocardial Infarction
(NSTEMI), and Unstable Angina (UA). The two former
conditions are further called as Myocardial Infarction
(MI). There is an elevation of biochemical markers
values for myocardial necrosis in MI, but there is no
elevation found in UA.4
An acute coronary syndrome is commonly
initiated by damaged atherosclerotic plaque in the

coronary artery. The thrombogenic material inside
atherosclerotic plaque will be exposed to the blood
circulation. Platelet activation, initiation of the
coagulation cascade, and formation of a mural
thrombus will be initiated, resulting in heart vessels
blocking. A total coronary artery occlusion can cause
STEMI. In contrast, partial occlusion or an occlusion
in the presence of collateral circulation results in
NSTEMI or UA.5,6 Myocardial infarction patients have
a higher mortality risk. They need early recognition
and intervention for re-vascularization and save the
living myocards left.7
Platelets play essential roles in ACS pathogenesis.
Platelets play roles in the formation of
atherosclerosis plaque and thrombus after the
rupture of atherosclerotic plaque. Platelet
consumption in an atherosclerotic blood vessel can
stimulate the release of larger platelet by the bone
marrow. Larger platelets were metabolically and
more active enzymatically as they contain more
prothrombotic materials such as thromboxane A2
and express more glycoprotein IIb/IIIa.8,9 Advanced
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platelet activation and recruitment occur in
thrombus formation after rupture or erosion of
atherosclerotic plaque.8-10
Platelets can be released from bone marrow as
immature platelets. The immature platelet size is
usually larger than the mature platelet. The release of
immature platelets from bone marrow will increase
in response to high platelet turn over; therefore,
immature platelet parameters can reflect platelet
activation and consumption. Acute coronary
syndrome pathogenesis involves platelet activation
and stimulation.11 Previous studies have found an
increase in immature platelets in ACS and MI patients
than normal control.11,12
Immature platelet fraction is a parameter that
reflects the proportion of immature platelet
compared to the total platelet. The presence of
immature platelet can also influence platelet indices
commonly found in routine Complete Blood Count
(CBC) test, i.e., platelet count, Mean Platelet Volume
(MPV), Platelet Distribution Width (PDW), plateletcrit
(Pct), and Platelet-Large Cell Ratio (P-LCR).
Those platelet parameters are considered simple
and inexpensive parameters, usually measured
during a routine blood test. Therefore, the IPF and
other platelet indices can be expected as markers to
differentiate types of ACS.
METHODS
The current study was an observational study
conducted in Dr. Soetomo Hospital from May 2019
until September 2019. This research involved 79
patients presenting typical chest pain of acute
coronary syndrome patients within 24 hours. Based
on clinical manifestations, electrocardiogram results,
and cardiac biomarker measurements, the patients
were further classified into 30 STEMI patients, 25
NSTEMI patients, and 24 UA patients.
Patients with comorbidities that could affect
platelet indices or IPF values such as dengue
infection, sepsis, pneumonia, and patients with a
myeloproliferative disorder, were excluded. Patients
commencing antiplatelet and or anticoagulant
therapy were also excluded from this study. The
ethical committee approved this study of Dr.
Soetomo Hospital, Surabaya, Indonesia, with the
number of 1216/KEPK/V/2019. Written informed
consent was taken from all study subjects.
Blood samples were collected in Dipotassium
Ethylenedinitrotetraacetic acid (EDTA) tubes before
antiplatelet or anticoagulant therapy. Demographic
data, including age, gender, and risk factors, i.e.,
smoking habits, hypertension, and Diabetes Mellitus

PAGE 17

(DM) history, were obtained. The IPF, MPV, PDW, Pct,
P-LCR, and platelet count values were measured
using Sysmex XN-1000 less than four hours after vein
punction.
All data were statistically analyzed using SPSS
software. Data normality was analyzed using the
Shapiro-Wilk test. The differences of IPF, MPV, PDW,
Pct, P-LCR, and platelet count values among STEMI,
NSTEMI, and UA patients would be analyzed using
ANOVA and LSD test if data were normally
distributed, otherwise would be analyzed using
Kruskal-Wallis and Mann-Whitney test. A Chi-square
test was used to compare categorical variables, i.e.,
smoking habits, hypertension, and diabetes history.
A p-value < 0.05 was considered significant.
RESULTS AND DISCUSSION
A total of 79 patients were involved and further
divided into three groups, i.e., 30 STEMI patients, 25
NSTEMI patients, and 24 UA patients. The total
samples used in this study already fulfilled the
minimum sample size estimated beforehand. The
characteristics of the subjects can be seen in
Table 1. The mean age was 57.9±11.79 years old.
Brown-Forsythe test showed no statistical difference
in age characteristics among groups. Age is one of
the unmodifiable risk factors of ACS. The risk of ACS
increases with age.13
Male dominated the ACS patient subjects. There
were 62% male and 38% female subjects. Similar
results were found in previous studies.10-16 These
results could be associated with protective estrogen
effects toward cardiovascular disease, especially in
the pre-menopause period. Estrogen has protective
effects on the endothelium by increasing Nitric
Oxide (NO) and prostacyclin production, which
further have vasodilatation effects. Estrogen also has
anti-inflammation effects, increases endothelium
regeneration and High-Density Lipoprotein (HDL)
levels, also to decrease Low-Density Lipoprotein
(LDL) levels.17,18
The other ACS risk factors, such as DM,
hypertension, and smoking habit, were also found
in most study subjects. The Chi-Square test showed
no significant difference in gender and risk factors
among the three groups. Similar results were also
found in a previous study.16 The correlation between
smoking habits and ACS incidence had been
confirmed in several studies.19,20 Previous studies
showed that chemical substances in the cigarettes
such as nicotine and combustion of the cigarettes
that release carbon monoxide were oxidants that
increase vessel susceptibility of LDL accumulations.21
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The normality test of all variables showed
abnormal data distribution; therefore, so the
Kruskal-Wallis test was used for statistical analysis.
The Mann-Whitney test was then used after any
significant difference in the Kruskal-Wallis test was
found. The Kruskal-Wallis test showed significant

differences in IPF, MPV, PDW, and P-LCR values
among the three groups. However, there was no
significant difference in platelet counts and Pct
parameters among the three groups (Table 2). A
further statistical test was conducted toward those
four significant parameters.

Table 1. Characteristics of subjects
Groups
STEMI
(n = 30)
Age (years old)
Mean (± standard deviation)

60.8
(± 11.62)

NSTEMI
(n = 25)

UA
(n = 24)

57.9
(± 8.61)

54.5
(± 14.15)

Total
(n = 79)

p-value

57.9
(± 11.79)

0.150*
0.513**

Gender
Male
Female
Risk factors
DM
Hypertension
Smoking

21 (70%)
9 (30%)

14 (56%)
11 (44%)

14 (58.3%)
10 (41.7%)

49 (62%)
30 (38%)

14 (46.7%)
19 (63.3%)
20 (66.7%)

15 (60%)
15 (60%)
11 (44%)

9 (37.5%)
13 (54.2%)
13 (54.2%)

38 (48.1%)
47 (59.5%)
44 (55.7%)

0.283**
0.791**
0.238**

*: Brown-Forsythe test; **: Chi-Square test

Table 2. Immature platelet fraction and platelet indices values among the three groups
Variable
3

Platelet count (x10 /μL)

MPV (fL)

PDW (fL)

Pct (%)

P-LCR (%)

IPF (%)

Groups

N

Median (range)

STEMI
NSTEMI
UA
STEMI
NSTEMI
UA
STEMI
NSTEMI
UA
STEMI
NSTEMI
UA
STEMI
NSTEMI
UA
STEMI
NSTEMI
UA

30
25
24
30
25
24
30
25
24
30
25
24
30
25
24
30
25
24

264 (127 – 512)
264 (162 – 428)
307 (164 – 596)
10.6 (8.8 – 13.2)
10.1 (8.8 – 12.5)
9.6 (8.2 – 12.2)
11.95 (9.6 – 20.2)
11.7 (9.4 – 16.9)
10.3 (8.3 – 14.2)
0.3 (0.17 – 0.58)
0.31 (0.20 – 1.33)
0.29 (0.22 – 0.51)
28.45 (16.0 – 51.4)
26.4 (15.5 – 45.5)
21.4 (11.2 – 39.2)
3.8 (1.8 – 11.9)
2.7 (0.8 – 10.5)
2.0 (0.5 – 3.7)

p-value

*

0.264

< 0.001

< 0.001

0.750

< 0.001

< 0.001

* Kruskal-Wallis test

Table 3. IPF, MPV, PDW, and P-LCR values between each group
Variable
IPF
MPV
PDW
P-LCR

p-value*
STEMI - NSTEMI

NSTEMI - UA

STEMI - UA

0.013
0.078
0.272
0.331

0.004
0.002
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001
< 0.001

* Mann-Whitney test
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The median of IPF values of STEMI, NSTEMI, and
UA patients showed a gradual decrease of 3.8%,
2.7%, and 2.0%, respectively. The IPF values in all
groups can be seen in Table 2. Mann-Whitney test
showed statistically significant differences between
STEMI and NSTEMI groups, STEMI and UA groups,
and NSTEMI and UA, with a p-value of 0.013,
< 0.001, and 0.004, respectively. The result of the
Mann-Whitney test can be seen in Table 3.
The results of this study were consistent with the
previous study's results. Grove et al. found the IPF of
non-ST Segment Elevation Acute Coronary
Syndrome (NSTE-ACS) patients were significantly
different from STEMI patients.12 However, that study
did not differentiate the IPF values of NSTEMI
patients from STEMI patients or UA patients from
STEMI patients. Huang et al. found that IPF values of
ACS patients were higher than non-ACS patients.22
A recent study found that the median of IPF
values was proportional to ACS severity. Acute
coronary syndrome is a spectrum of conditions that
consist of STEMI, NSTEMI, and UA. The seriousness of
STEMI and NSTEMI is higher than UA because the
occlusions in MI are more severe than UA in two
former conditions. On the other hand, the severity of
STEMI is higher than NSTEMI as the occlusions in
STEMI are total occlusions.5,9
Platelet activation can occur before ACS
occurrence. Rapid platelet consumption during ACS
will stimulate megakaryocyte, causing the release of
new platelets by the bone marrow. The release of the
new platelets will increase immature platelet count
and consequently will increase the IPF value.
Immature platelet fraction was known to correlate
with MPV; however, large platelet is not always
immature platelet and vice versa. Immature platelet
fraction has a better ability to reflect immature
platelet production released from bone marrow
compared to MPV.22 This study found significant
differences of IPF values in each ACS conditions that
these results give the possibility for the IPF
parameter to differentiate the three ACS conditions
and predict the prognosis of ACS patients through
further study.
Platelet indices measurement was conducted in
79 samples. There were significant differences in
MPV, PDW, and P-LCR values between STEMI and UA
patients. There were a significant difference in MPV,
PDW, and P-LCR values between NSTEMI and UA
patients. Contrastingly, there were no significant
differences in MPV, PDW, and P-LCR values between
STEMI and NSTEMI patients. However, the MPV,
PDW, and P-LCR values showed a gradation
decrease that the values were higher in STEMI
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patients, followed by NSTEMI and UA patients. The
MPV, PDW, and P-LCR values of the three groups can
be seen in Table 2. The p-values of all parameters can
be seen in Table 2 and Table 3.
Statistically, the difference of platelet counts and
Pct parameters was not found among the three
groups. The platelet count and Pct parameters were
not significantly different in the Kruskal-Wallis test
that the Mann-Whitney test was not used in these
two parameters. The platelet count and Pct values of
the three groups are shown in Table 2.
This study found a significant difference in MPV
value between STEMI and UA patients also between
NSTEMI and UA patients. The MPV value medians in
three groups were also found in correlation with ACS
severity. Similar results were also found in a previous
study.15 Mean platelet volume value in MI patients
was also influenced by Double Vessel Disease (DVD),
or Triple Vessel Disease (TVD) detected using
coronary angiography. The involvement of more
vessels led to higher MPV value.23 Recent study did
not evaluate the thrombosis severity of the patients
using coronary angiography. The unknown DVD and
TVD state of the patients, limitations in this study,
might affect the MPV value results among STEMI and
NSTEMI patients.
There was a significant difference in platelet
distribution width between STEMI and UA groups
between NSTEMI and UA groups in this study. The
PDW value was higher in STEMI, followed by the
NSTEMI group and UA groups. This study result was
consistent with previous study results. Platelet
distribution width values of MI patients were higher
than UA patients and healthy control.14,15,24 The
increase of PDW correlated with an increase of
platelet production and activity in thrombosis.25
Platelet distribution width was known to have a
positive correlation with MPV. The MPV value in AMI
was also affected patient in DVD or TVD condition.
The exact thrombosis severity in patients was not
known because the coronary angiography was not
carried out.
This study found that P-LCR was significantly
different between STEMI and UA group and between
NSTEMI and UA groups with tiered value, higher in
STEMI, followed by NSTEMI, and UA. The previous
study result showed that P-LCR-value was more
elevated in STEMI and NSTEMI than UA patients,
although statistically insignificant.15 Khandekar et al.
found P-LCR was higher in ACS patients than stable
coronary artery disease patients and healthy control.
Still, it failed to find any difference in P-LCR-value
between AMI and UA patients.26 There was a positive
correlation between MPV and PDW and MPV and
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P-LCR values.27 Recent study found significant
differences in P-LCR values between STEMI and UA,
also between NSTEMI and UA patients. This study's
significant result could be affected by a better sample
proportion and a larger sample number than the
previous research.
There was no significant difference in platelet
count; however, there was a decreased platelet count
in STEMI and NSTEMI compared to UA patients
(Table 2). This result was consistent with other
previous studies.9,24,26 Recent and previous study
results showed a platelet role in ACS pathogenesis, in
which platelet will be consumed. Platelet count in
steady-state conditions will be affected by various
factors, such as genetic, age, and gender, leading to
different platelet counts among individuals.28 This
result showed another factor and platelet count,
which influences ACS, although platelet counts play
a role in ACS.
This study also failed to find any significant
difference in PCT among three ACS groups. The
previous studies conducted by Al-Obeidi et al.,
Pipliwal et al., and Costa et al. also found similar
results with this recent study.24,29,30 Plateletcrit value is
a platelet parameter, which is influenced by platelet
count. The inconsistent and insignificant result of
PCT in this study and in a previous study might be
correlated with the wide variance of platelet count
among individuals. Therefore, the role of PCT in
differentiating ACS conditions remains unclear.

5.
6.
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8.

9.

10.

11.

12.

13.
14.

CONCLUSION AND SUGGESTION
15.

Recent study results allowed the IPF parameter to
differentiate the three ACS conditions and predict
ACS patients' prognosis through further study. On
the other hand, the MPV, PDW, and P-LCR values
were able to differentiate MI and UA. Further
research, which measures thrombotic severity using
coronary angiography, was needed for a better
result.
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