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Abstract  
Background: The immature platelet fraction is a valuable indicator for 

determining the underlying cause of low platelet counts. The study aimed to 

evaluate the predictive value of immature platelet fraction (IPF) estimation to 

further stratifies patients with ST Elevation Myocardial Infarction (STEMI) 

according to their risk for clinical outcomes. Materials and Methods: This 

prospective cohort study was conducted at Govt. Stanley Medical College and 

Hospital, Chennai, from October 2015 to March 2016, on 100 patients 

admitted with STEMI in the ICCU. A patient's history includes age, sex, 

symptoms, risk factors, family history of CAD, and other illnesses. 

Assessments include vital signs, hemodynamic status, heart failure features, 

and complications. Blood tests, lipid profiles, and anti-HCV and HIV serology 

are performed. Results: Patients who did not survive had a significantly higher 

mean immature platelet fraction (IPF) value compared to those who survived 

(4.8% vs. 2.65%, P<0.0003). Those with failed thrombolysis had a higher 

mean IPF (4.18%) than those with successful thrombolysis (1.75%). 

Increasing Killip class was associated with higher mean IPF (1.7%, 3.2%, 

4.6%, and 6.1% for classes I to IV). Moderate to severe LV systolic 

dysfunction was more prevalent in patients with higher IPF values. Major 

adverse cardiac events (MACE) increased from 5% in the low IPF tertile to 

100% in the high IPF tertile. A significant difference in MACE, mortality, ST 

resolution, Killip, EF, and TIMI scores between IPF. Conclusion: Higher 

immature platelet fraction is closely associated with risk factors like LV 

systolic dysfunction, TIMI score and Killip class in STEMI patients. 

 
 

 

INTRODUCTION 
 

STEMI is a syndrome characterised by symptoms of 

myocardial ischemia and persistent ST elevation, 

followed by the release of biomarkers of myocardial 

necrosis. Coronary artery disease (CAD) has the 

distinction of being the most common cause of 

death worldwide. More than seven million people 

die annually from CAD worldwide, accounting for 

12.8% of all deaths.[1] The risk stratification process 

following STEMI occurs in several steps, based on 

the initial presenting clinical features, course in the 

hospital, and patient condition during discharge. 

Risk stratification is an integrated and dynamic 

assessment based on the patient's demographic 

parameters, ECG, cardiac enzymes, and noninvasive 

and invasive hemodynamic data. When integrated 

with in-hospital complications, these parameters can 

provide valuable survival information. Risk 

stratification aids in estimating the risk of death and 

MACE events of a patient after MI. This estimate 

aids in treatment decisions and recommendations 

and counselling patients and families. The search for 

newer modalities of risk stratification and 

prognostic markers in STEMI is a never-ending 

process driven by the passion for reducing mortality 

and morbidity.[2] 

Platelet activation is the hallmark event in the 

pathogenesis of intravascular thrombosis, which can 

lead to Myocardial Infarction and stroke.[3] The 

entire family of circulating platelets is not uniform 

but consists of different subcategories, which differ 

in their response to activation by different 

agonists.[4] Reticulated platelets (RPs) are the 

youngest members of the platelet pool, and they are 

highly thrombogenic.[5] They are also called 

immature platelets. RPs are larger and contain more 

cytosolic messenger ribonucleic acid (mRNA) than 
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normal platelets; this mRNA is highly active in 

translation.[6-7] RPs are highly reactive compared to 

mature platelets, which lack RNA. 

There is a strong concordant relationship between 

the levels of immature platelets in the blood pool 

and refractoriness to antiplatelet drugs, and this 

indicates the role of immature platelets in 

antiplatelet drug treatment failure. Persistent 

refractory platelet activation despite antiplatelet 

therapy strongly influences mortality and 

morbidity.[8-10] The study aimed to evaluate the 

predictive value of immature platelet fraction in ST 

Elevation Myocardial Infarction (STEMI) and 

assess whether immature platelet fraction estimation 

can predict adverse hospital events. 

 

MATERIALS AND METHODS 

 

This prospective cohort study was conducted at 

Govt. Stanley Medical College and Hospital, 

Chennai, from October 2015 to March 2016, on 100 

patients admitted with STEMI in the ICCU. All the 

patients and their relatives were explained about the 

study design at the time of enrollment, and detailed 

consent regarding their willingness to participate 

was obtained. Ethical committee approval was 

obtained before the study started. 

Inclusion Criteria 

Age > 18 years, male and female sex, patients 

admitted in ICCU with STEMI diagnosed based on 

the criteria proposed by ACC/AHA, and patients 

with STEMI presenting < 72 hours from the 

symptom onset are included. 

Exclusion Criteria 

Patients with a previous history of myocardial 

infarction, patients who received any blood 

transfusion in the past 30 days, patients with chronic 

kidney disease, patients with haematological 

malignancies, and patients with bone marrow 

diseases were excluded.  

A detailed history obtained from the patient and 

history includes age and sex of the patient, nature 

and duration of symptoms, risk factor assessment 

including Diabetes, Hypertension, Smoking and 

family history of CAD, and history of CAD, other 

illnesses and surgeries. Performed at the time of 

admission and periodic assessment of vital signs, 

hemodynamic status, features of heart failure and 

complications was performed. Performed at the time 

of admission and serially if needed. Complete blood 

count, Blood sugar, Renal function test, Lipid 

profile, Cardiac enzymes, Liver function test, 

HBsAg, Anti HCV and HIV serology done for all 

patients. Immature platelet methods by Sysmex 

haematology analysers within 48 hours of 

admission. 

Chest X-ray PA view was taken after stabilisation of 

the patient. Whenever necessary, a 12 lead ECG and 

right and posterior leads were taken for all patients. 

Serial ECGs are taken periodically to assess 

resolution and progress. Area of involvement, 

presence of conduction disturbances and 

arrhythmias noted. ST resolution following 

thrombolysis in ECG assessed by Schroder criteria. 

Complete echocardiography using Philips machine 

model No: HD11XE 2011 USA Revision 2.0.5. The 

entire treatment details, including thrombolysis use 

of inotropes analysed. 

The occurrence of complications such as acute 

pulmonary edema, cardiogenic shock, arrhythmias 

and mechanical complications were analysed. In-

hospital mortality and MACE, such as reinfarction, 

unplanned revascularisation, and stroke, were 

analysed. A coronary angiogram was done with 

Siemens model 2000-Artis U machine with Axiom 

Sensis pressure monitoring. Risk stratification was 

done using ECG ST resolution assessment and 

applying risk scores such as Killip classification and 

TIMI score. 

Statistical Analysis 

Statistical analysis was done using SPSS software 

version 16.0. Descriptive and inferential statistics 

were used to analyse the data. The quantitative data 

were expressed as mean. The qualitative data were 

expressed as frequency and percentage. A P value of 

< 0.05 was considered significant. Analysis of two 

independent variables was done using the student T-

test, and analysis of multiple independent variables 

using the ANOVA test. Statistical analysis of 

categorical data was done using the Chi-Square test. 

 

RESULTS 

 

Among 100 patients, 73% were males, and 27% were females. The maximum incidence was in the same age 

group in both males and females. 13.7% of males presented < 40 years of age. The mean age of presentation in 

males was 53.8 and 55.9 in females (Table 1). 

 

Table 1: Age distribution based on gender 

Age group 
Male Female Total 

Number % Number % Number % 

30 - 40 10 13.7 2 7.4 12 12 

41 - 50 16 21.9 4 14.8 20 20 

51 - 60 27 36.9 15 55.6 42 42 

61 - 70 15 20.6 5 18.5 20 20 

> 70 5 6.9 1 3.7 6 6 

Total 73 100 27 100 100 100 
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The maximum incidence of STEMI was in the age group 51-60 years, about 42%. The incidence of AWMI was 

61%, and the remaining 39% was IWMI. 78% were thrombolysed, and streptokinase was used for the 

thrombolysis of all patients. The successfulness of thrombolysis as assessed by 90 min ST resolution based on 

criteria proposed by Rolf Schroder was 60%, and failed lysis was 40%.  

40% of the patients had diabetes, 30% had hypertension, 34% of the patients smoked, 18% had dyslipidemia, 

and 10% had a family history of coronary artery disease. 49% in Killip Class I, 30% in Killip Class II, 12% in 

Killip Class III and 9% in Killip Class IV. 37% had a TIMI score of 0-2, 27% had a score of 3/4, 17% had a 

score of 5/6 and 19% had a score ≥ 7. 61% belonged to low tertiles group, 31% to intermediate tertiles and 8% 

to high tertiles group (Table 2). 

 

Table 2: Demographic data of the study 

  Number Percentage 

STEMI 
AWMI 61 61% 

IWMI 39 39% 

Thrombolysis 
Lysed 78 78% 

Not lysed 22 22% 

90 minutes ST resolution 
90 min ST resolution 47 60% 

No ST resolution 31 40% 

Killip 

I 49 49% 

II 30 30% 

III 12 12% 

IV 9 9% 

TIMI score 

0-2 37 37% 

3/4 27 27% 

5/6 17 17% 

≥7 19 19% 

Immature platelet fraction 

0-3 61 61% 

3-6 31 31% 

≥6 8 8% 

 

The patients with at least one MACE during in-

hospital stay had a higher mean IPF of 5-04% 

compared to 2.15% in those who did not have a 

MACE. This association of MACE and IPF was 

statistically significant at a p-value <0.001. The 

mean IPF value was higher in patients who died 

than in those who survived: 4.8% VS 2.65%, and 

this association had a p-value of <0.0003, which is 

statistically significant. 

The patients with failed thrombolysis had a higher 

mean IPF of 4.18% compared to 1.75% in those 

who had successful thrombolysis. Patients in the 

highest Killip class IV had the highest mean IPF of 

6.1%, and those in the least Killip class had the least 

mean IPF of 1.7%. 

Patients with an EF < 45 were found to have a 

higher mean IPF of 3.44% compared to those with 

higher EF with a mean value of 2.01%. Patients with 

a higher TIMI score had a higher mean IPF value 

than those with lower TIMI scores: 1.7% for TIMI 

0-2 versus 5.3% for TIMI > 7 (Table 3). 

 

Table 3: Relationship between various parameters and mean IPF 

 Number Mean IPF P-value 

MACE  MACE 25 5.04% <0.001 

NO MACE 75 2.15% 

Mortality Death 9 4.8% 0.0003 

Alive 91 2.65% 

ST resolution Successful 47 1.75% <0.0001 

Failed 31 4.18% 

Killip I 49 1.7% <0.001 

II 30 3.2% 

III 12 4.6% 

IV 9 6.1% 

EF ≥45 42 2.01% 0.0044 

<45 58 3.44% 

TIMI score 0-2 37 1.7% <0.0001 

3-4 27 2.46% 

5-6 17 3.43% 

≥ 19 5.3% 

 

46 out of the 49 (93%) patients in Killip Class I had 

a mean IPF less than 3 compared to 22.9% (15 out 

of 51) in patients presenting with Killip Class > I, 

and none of the Killip Class I patients had mean IPF 

value > 6. Only 2 out of the 9 (22%) patients in 

Killip Class IV had a mean IPF < 3, and 5 out of 9 

patients (55%) had values > 6. All the patients with 

mean IPF > 6% presented with Killip Class > I, and 

a significant difference in Killip between IPF 

(p<0.0001). 

Severe and moderate LV systolic dysfunction was 

observed in 46% (28 out of 61) patients with IPF 0-
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3%, 74% (23 out of 31) patients with IPF 3-6% and 

88% (7 out of 8) patients with IPF > 6%. A 

significant difference in EF between IPF (p=0.007). 

In the low tertile IPF group (IPF value < 3%), only 

15% had TIMI score ≥5, whereas in the high tertile 

group (IPF > 6%), 87% had TIMI score ≥5. A 

significant difference in TIMI score between IPF 

(p<0.0001). 

In the low tertile IPF group (IPF < 3%), 84% had 

successful 90 min ST resolution as assessed by 

Schroder criteria. In comparison, none of the 

patients had successful ST resolution in the high 

tertile group (IPF > 6%). A significant difference in 

90 min ST resolution between IPF (p<0.0001). 

In the low tertile IPF group (IPF < 3%), only 5% 

had any one of the MACE events, while in the high 

tertile group (IPF > 6%), all the patients had any one 

of the MACE events. A significant difference in 

MACE events between IPF (p<0.0001) (Tables 4 

and 5). 

 

Table 4: Relationship between various data and IPF 

  IPF 0-3% IPF 3-6% IPF > 6% P value 

Killip 

I 46 (29.89) [8.68] 3 (15.19) [9.78] 0 (3.92) [3.92] 

<0.0001 
II 13 (18.30) [1.53] 16 (9.30) [4.83] 1 (2.40) [0.82] 

III 0 (7.32) [7.32] 10 (3.72) [10.60] 2 (0.96) [1.13] 

IV 2 (5.49) [2.22] 2 (2.79) [0.22] 5 (0.72) [25.44] 

EF 
<45 28 (35.38) [1.54] 23 (17.98) [1.40] 7 (4.64) [1.20] 

0.007 
≥45 33 (25.62) [2.13] 8 (13.02) [1.94] 1 (3.36) [1.66] 

TIMI score 
0-4 52 (39.04) [4.30] 11 (19.84) [3.94] 1 (5.12) [3.32] 

<0.0001 
5-14 9 (21.96) [7.65] 20 (11.16) [7.00] 7 (2.88) [5.89] 

90 min ST resolution 
Yes 43 (30.73) [4.90] 4 (13.26) [6.46] 0 (3.01) [3.01] 

<0.0001 
No 8 (20.27) [7.43] 18 (8.74) [9.80] 5 (1.99) [4.57] 

MACE 
MACE 3 (15.25) [9.84] 14 (7.75) [5.04] 8 (2.00) [18.00] 

<0.0001 
NO MACE 58 (45.75) [3.28] 17 (23.25) [1.68] 0 (6.00) [6.00] 

 

The mortality rate of the low IPF tertiles was 3.4%, the intermediate IPF tertile was 16.1%, and the high IPF 

tertiles were 25% (Table 5). 

 

Table 5: Distribution of data and IPF 

  IPF 0-3% IPF 3-6% IPF > 6% 

KILLIP 
I 46 (93.8%) 3 (7.2%) 0 

II, III, IV 15 (29.4%) 36 (70.6%) 0 

EF 
<45 54% 26% 12% 

≥45 46% 74% 88% 

TIMI score 
0-4 85% 35% 13% 

5-14 15% 65% 87% 

90 min ST 

resolution 

Yes 84% 18% 0 

No 16% 82% 100% 

MACE 
MACE 5% 45% 100% 

NO MACE 95% 55% 0 

Mortality 
Death 2 5 9 

Alive 59 26 91 

 

The highest mean IPF value was found among people with TVD, who had a mean IPF of 4.98%, and people 

with normal coronaries, recanalised coronaries and minimal CAD had a mean IPF of 1.73%. There was a linear 

incremental trend in the severity of CAD with increasing values of mean IPF. 

 

DISCUSSION 
 

Coronary artery disease (CAD) has the distinction of 

being the single most frequent cause of death. Over 

seven million people die annually from CAD 

worldwide, accounting for 12.8% of all deaths. 

STEMI represents 25-40% of the ACS spectrum. In 

our study, the maximum incidence was in the same 

age group, 51-60, in both males and females. In 

individuals under 50 years, males had a higher 

incidence than females, about 35.6% VS 22.2%. The 

mean age of presentation in males was 53.8 and 55.9 

in females. These observations were on par with the 

report of higher incidence of premature CAD in 

India and CAD occurring 10-15 years prior in India 

compared to their Western counterparts.  

In our study, 40% of the patients had diabetes, 30% 

had hypertension, 34% smoked, 18% had 

dyslipidemia, and 10% had a family history of 

coronary artery disease. Diabetes was the dominant 

risk factor, followed by smoking and hypertension. 

49% presented in Killip class I. 41% presented with 

Killip class > I. This rate was much higher than 

reported in the Kerala ACS registry, where only 

21% presented in Killip class > I. Gusto-1 

investigators report a Killip presentation > I of about 

15%.[11] This is probably due to the rapid increase in 

the prevalence of diabetes in India, which is 

associated with increased severity of CAD. The 

higher the severity of CAD, the higher the Killip 

class of presentation. Moreover, the severity of 

CAD is higher in India compared to Western 

countries.[12-14] 
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In our study, the mean IPF level in our study 

population was 2.87% which was comparable to the 

study by Briggs C et al., who reported a mean IPF 

value of 3.4% (range 1.1%–6.1%) and lower than 

the mean value reported by Homam Ibrahim et al., 

of 4.3%.[15,16] In our study, the patients who had at 

least one of the MACE during in-hospital stay had a 

higher mean IPF of 5.04% compared to 2.15% in 

those who did not have a MACE. This association 

of MACE and IPF was statistically significant at a 

p-value < 0.001. This association between MACE 

and mean IPF was also reported by a prior study by 

Homam Ibrahim et al., who reported a difference of 

5.3% VS 3.7%.[16] The in-hospital mortality reported 

in our study was 9%. The mean IPF value was 

higher in patients who died than in those who 

survived: 4.8% VS 2.65%, and this association had a 

p-value of < 0.0003, which is statistically 

significant. A similar association had been reported 

in a prior study by Rosa A. Lopez-Jimenez et al. 

6.60% (4.20%-10.80%) VS 4.80% (3.10%-

6.95%).[17] 

The predictive value of 90 min ST resolution post 

fibrinolysis was previously reported by Rolf 

Schroder.[18] The patients who had failed 

thrombolysis had a higher mean IPF of 4.18% 

compared to 1.75% in those who had successful 

thrombolysis. In the low tertile IPF group (IPF < 

3%), 84% had successful 90 min ST resolution as 

assessed by Schroder criteria. In comparison, none 

of the patients had successful ST resolution in the 

high tertile group (IPF > 6%). This association 

between higher IPF values and 90 min ST resolution 

was statistically significant. Prior studies did not 

report this association between IPF and 90 min ST 

resolution. 

In our study, the mortality rate of the low tertile IPF 

group was 3.4%, the intermediate IPF tertile was 

16.1%, and the high tertile group was 25%. 

Similarly, the association between mortality rate and 

IPF tertiles was reported in a study by Rosa A. 

Lopez-Jimenez et al.[17], who reported mortality 

rates of 6% in the low tertile group VS 22% in the 

higher tertile group. Homam Ibrahim et al.[16] 

reported mortality rates of 3.3%, 10.3%, and 20% in 

low, intermediate and higher tertiles, respectively. 

Our study shows a statistically significant 

relationship between high IPF value, morality, and 

MACE rates. Elevated IPF values were significantly 

correlated with other risk stratification tools such as 

LV systolic dysfunction, TIMI score, Killip 

classification and 90 min ST resolution. Hence IPF 

has prognostic value and gives promise as a risk 

stratification tool in STEMI. 

 

CONCLUSION 
 

Elevated Immature platelet fraction in a patient 

presenting with STEMI is associated with higher in-

hospital mortality rate and hospital MACE rates. 

There is a linear relationship between immature 

platelet fraction, Killip Class, and TIMI scores. 

Elevated immature platelet fraction is strongly 

related to other risk stratification tools such as EF, 

TIMI score, Killip class and 90-minute ST 

resolution. As elevated immature platelet fraction 

has predictive value, it can be used as a risk 

stratification tool.  

Limitations 

The small sample size limited the number of 

variables that could be examined to determine the 

independence of immature platelet fraction as a risk 

stratification tool. The limited number of MACE 

events impeded the precise adjustment of all the 

variables potentially related to mortality. 
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