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ABSTRACT

Background: Acute Coronary Syndrome (ACS) is the most common cause of adult mortality worldwide. 
Atheromatous plaque with superimposed thrombus is the commonest underlying cause. Platelets play a pivotal role 
initiating a thrombus, larger platelets being metabolically more active than the smaller ones. Hence the aim is to 
study the changes in platelet volume indices and platelet count in acute coronary syndromes and diabetes mellitus.

Methods: This was a comparative study of 120 people (60 controls, 60 with ACS). ACS patients were subdivided 
as those with and without diabetes. Blood was collected in EDTA anticoagulated tubes. The platelet indices and 
platelet count were assayed using 8 part hematology analyzer (HORIBA) and compared among the groups.

Result: Mean platelet volume (MPV) and platelet distribution width (PDW) were significantly raised in ACS 
patients, being higher in ST elevation Myocardial infarction(STEMI) followed by Non-ST elevation Myocardial 
infarction ( NSTEMI), unstable angina(UA) and controls. The mean values of MPV and PDW were 8.86fl and 
15.24% in STEMI, 8.76fl and 14.62% in NSTEMI, 8.17fl and 13.54% in UA, 8.04fL and 12.74% in controls 
respectively. Plateletcrit and platelet count did not show significant variation among the groups. Both MPV and 
PDW were higher in diabetic ACS patients (8.66 fl and 15.71% ) than the non-diabetics(8.17 fl and 14.2% ). 

Conclusion: Patients with acute coronary syndromes and diabetes had higher MPV and PDW compared to the 
controls. Measurements of platelet volume indices may be of some benefit in detecting those patients at higher risk 
for acute coronary events.
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Introduction
Thrombosis and its complications like embolism are 
a global pandemic contributing significantly to adult 
mortality worldwide.[1] In the new era of non-communicable 
diseases, the problem of coronary artery disease(CAD) and 
its related emergency like acute coronary syndromes(ACS) 
balloons out huge afflicting significantly a large proportion 
of Indians.[2] The spectrum of ACS includes unstable 
angina (UA), Non-ST Elevation Myocardial infarction 
(NSTEMI), ST Elevation myocardial infarction (STEMI). 
The most common cause underlying ACS is a ruptured or 
complicated atherosclerotic plaque with a superimposed 
thrombus.[3,4] It is well known that platelets are activated 
along with the coagulation cascade at the onset of 
thrombosis. During activation, the platelets change their 
morphology, develop pseudopodia and release a number 
of substances enhancing the formation of thrombus. 
Larger platelets are haemostatically more active and are a 
risk factor for developing coronary thrombosis, leading to 
myocardial infarction. Platelet indices also vary in diseases 
like diabetes, hypertension, obesity, hyperlipidemia etc.
[5] Hence it is wise to study the distribution of platelet 
indices in patients with established clot activation and 
analyze whether they change significantly in comparison 
to healthy adults.

Hence our aims were to study and compare the distribution 
of platelet count and platelet indices 

OO In patients with acute coronary syndromes, unstable 
angina (UA), Non-ST Elevation Myocardial 
infarction (NSTEMI), ST Elevation myocardial 
infarction(STEMI)) in comparison to the age and sex 
matched controls.

OO In diabetic ACS patients Vs non-diabetic ACS patients

Materials and Methods
A prospective comparative hospital-based study was 
carried out on 60 ACS patients and 60 matched controls 
for a period of three months (from July 2016 to September 
2016). All patients diagnosed with ACS were included in 
the study and compared with the controls. Sex and age 
matched non-diabetic patients admitted in the hospital 
for other non-thrombotic diseases with no cardiac 
symptoms, no history of ischemic heart disease and normal 
electrocardiogram were included as controls. The study 
was approved by the Institute Ethics Committee.

Inclusion criteria
1. Patients diagnosed with unstable angina (UA), ST 

segment elevation myocardial infarction (STEMI), 
non-ST segment elevation myocardial infarction 
(NSTEMI) irrespective of the diabetic status. 

2. Patients more than 18 years of age 

Exclusion Criteria: Patients with bleeding diathesis, 
major operations or trauma (in past two weeks), malignant 
hypertension (>180/110mm of Hg). Patients presenting with 
Acute Coronary Syndromes within 24 hours were inclued. 
All subjects (both cases and controls) were inter-viewed as 
per the pre-prepared proforma. The blood samples of the 
patients on admission (before treatment) were collected as 
a part of emergency protocol and sent for complete blood 
count(CBC) and cardiac marker analysis. Samples for CBC 
were collected in EDTA coated vaccutainers. The sample 
was run within two hours of venepuncture using the 8 part 
differential automated Hematology analyzer (HORIBA) 
and complete blood count analysis of the sample was made 
including the platelet indices (MPV, PDW, Plateletcrit). 
Relevant investigations like electrocardiogram and cardiac 
enzymes (Creatine Kinase-MB and Troponin T) were 
analysed for confirmation of the diagnosis. Trop T Sensitive 
kit was used as an aid in the diagnosis of myocardial injury. 
Detection of rise or fall in cardiac biomarker Troponin T 
with at least one value above 99th percentile of upper limit 
was considered diagnostic. All parameters were compared 
between the two groups of cases and controls.

Statistical Analysis: The categorical variables were 
expressed as frequencies or percentages. Quantitative 
variables were expressed as mean ± standard deviation. 
The means of continuous variables were compared using 
independent samples t-test (between two groups ACS and 
controls, diabetics and non-diabetics). One way ANOVA 
was used for comparing the continuous variables among 
the various subgroups of ACS. All the tests were two-
tailed; p<0.05 was considered statistically significant. 

Result
Of the 60 cases, 46 were males and 14 females. The 
mean age of patients was 57±11.6years. Among the ACS 
patients, 13(21.6%) had unstable angina, 20(33.3%) had 
NSTEMI and 27(45%) had STEMI. 38/60(63.3%) patients 
had diabetes mellitus. The cardiac markers, Troponin 
T was increased in 26 (43.3%) patients and CKMB in 
31(51.6%) patients. The most common risk factor for ACS 
syndromes, next to diabetes was hypertension followed 
by smoking. 34(56.6%) patients were hypertensives and 
23(38.3%) were smokers. 

The platelet count, Mean platelet volume (MPV), Platelet 
distribution width (PDW) and Platelet large cell ratio 
(P-LCR) were studied among patients with ACS and 
compared with age and sex matched controls. The mean of 
MPV and PDW for the control group, for unstable angina, 
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for STEMI & NSTEMI is shown (Table 1). The MPV(in fl) 
was highest in ST-Elevation Myocardial Infarction group 
(8.86±0.96)followed by Non-ST-Elevation Myocardial 
Infarction(8.76±1.04) and unstable angina (8.17±0.77) 
when compared to the control group(8.04±.59) and this was 
statistically significant (p-0.000).Similarly, the PDW (in %) 
was highest in ST-Elevation Myocardial Infarction group 
(15.24±2.295)followed by Non-ST-Elevation Myocardial 
Infarction(14.62±2.14) and unstable angina (13.74±.89) 
when compared to the control group(12.54±0.81). The p 
value was 0.000.

Similarly platelet count and plateletcrit was compared 
among the groups .The platelet count was lowest in STEMI 
compared to the NSTEMI, unstable angina and controls 
but was not statistically significant (Table 1). In contrast, 
Plateletcrit was lower among the controls than the cases.

The ACS patients were subcategorized as those with and 
without diabetics and their platelet indices were compared 
and also with the controls. Among the indices, MPV and PDW 
was higher in the diabetics compared to the non-diabetics 
and controls (p value-0.000) whereas the platelet count and 
plateletcrit failed to prove such significance (Table 2). 

Table 1: Distribution of platelet indices.

Parameters Controls
(n=60)

Unstable angina
(n=13)

NSTEMI*
(n=20)

STEMI**
(n=27)

p value (among 
4 groups)

Cases
(n=60)

Platelet count(lakhs/cmm) 2.8±1.06 2.9±0.5 2.87±0.91 2.6±0.71 0.791 2.78±0.75
MPV(fl) 8.04±0.59 8.17±0.77 8.76±1.04 8.86±0.96 0.000 8.68±0.97
PDW(%) 12.54±0.8 13.74±.897 14.62±2.14 15.24±2.295 0.000 14.7±2.07
PLCT(%) 0.22±0.07 0.24±0.07 0.26±0.08 0.25±0.06 0.2 0.25±0.076

*- Non-ST segment elevation Myocardial Infarction.; **- ST segment elevation Myocardial Infarction.

Table 2: Distribution of platelet indices.

Parameters Controls 
(n=60)

Diabetic ACS*
(n=38)

p value
(among 2 groups)

Non-diabetic ACS*
(n=22)

 p value
(among 3 groups)

Platelet count (lakhs/cmm) 2.84±1.06 2.67±0.56 0.31 2.98±0.99 0.43
MPV(fl) 8.04±0.59 8.66±0.94 0.000 8.17±1.04 0.000
PDW(%) 12.54±0.81 15.71±1.9 0.000 14.2±2.3 0.000
Plateletcrit(%) 0.22±0.07 0.24±0.06 0.17 0.27±0.09 0.06

*- acute coronary syndromes.

Discussion
The burden of cardiovascular diseases is increasing 
globally, accounting for approximately 12 million deaths 
annually.[6] Though multifactorial in etiology, many risk 
factors are strongly associated with ischemic heart disease 
(IHD) and henceforth atherosclerotic plaque formation, 
during which platelets play a vital role. Studies prove larger 
platelets have more prothrombotic activity, because of 
more dense granules.[7] In such a scenario (Acute coronary 
syndromes in our study) it is logical to reason out the 
increase in MPV and PDW. Inspite of the small sample size 
of our study, our results corroborate findings in previous 
studies emphasizing MPV and PDW as hematolological 
markers to assess thrombotic risk.

In our study, MPV and PDW was highest among the MI 
patients compared to those of unstable angina and age 
and sex matched controls. Studies in literature support 
the same. In a study by Manchanda et al, [6] MPV and 
PDW was highest in NSTEMI, followed by STEMI and 
unstable angina. In our study no significant reduction in 

plateletcrit was obtained. In a study by Costa et al,[8] similar 
findings were obtained whereas a study by Pipliwal et al[9 ]

showed significant lowering of plateletcrit in ACS patients 
compared to the controls. Platelet large cell ratio is yet 
another controversial platelet index measured only in some 
hematology analyzers. Discordant results were obtained in 
literature search, with few studies demonstrating increase 
in P-LCR in ACS patients with reference to the controls 
and others showing nil significance.[6,9,10]

Though controversial, platelet count was evaluated along 
with the platelet indices in most such studies. Our study 
showed no significant difference in platelet count between 
the controls and ACS patients and among the sub-categories 
of ACS. A study by Assiri et al[11] shows similar results 
whereas many studies also show significant lowering of 
platelet count.[8,9, 12] 

Most studies show MPV as a reliable marker of predicting 
cardiovascular risk and also the treatment outcomes.
[5,13,14] Chu et al. present a systematic review and a meta-
analysis emphasising the value of MPV as a predictor of 
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cardiovascular risk.[15] In a study by Slavka et al, MPV is 
shown to predict the vascular mortality following ischemic 
heart disease.[16] Another study showed MPV as a predictor 
of acute stent thrombosis in ACS patients.[14] In our study, 
follow up of the patients was not done.

Inspite of so many studies demonstrating the utility of 
MPV as a predictive marker, in 

reality, it is a parameter which is subjected to biological 
and technical variations.[5]The platelet parameters derived 
by the automated cell counter are highly specific to 
the individual technologies developed for each type of 
analyzer.[5] With impedance counting, the MPV increases 
over time as platelets swell in EDTA, with increases of 
7.9% within 30 min having been reported and an overall 
increase of 13.4% over 24 hours, although the majority of 
this increase occurs within the first 6 hours.[17] Conversely 
when MPV is measured by an optical light scatter system 
derived from the modal platelet size, the MPV decreases 
over time, possibly as a result of the dilution of cytoplasmic 
contents leading to a decrease in light scatter. [5] Second, 
MPV values can be influenced by type of anticoagulant 
used and the delay in time from sampling to analysis. In a 
study by Vagdatli et al,[18] where MPV was recorded hourly 
for four hours, there was a steady increase in MPV in EDTA 
anticoagulated blood. The reason is that platelets swell 
with time in EDTA blood. Hence, by standardizing the 
time delay between sampling and analysis and by using a 
alternative anticoagulant (like citrate), MPV can be reliably 
measured. [5]Over the past 20 years, platelet analyzers 
have been developed. Additional analyzer derived platelet 
parameters have been developed, such as the measurement 
of an immature platelet fraction and platelet large cell ratio, 
may provide information comparable to the MPV.[19]

In addition to the technical variation, MPV is influenced 
by a variety of hematological (eg-platelet function 
disorders, ITP etc) and non-hematological disorders like 
diabetes, hypertension, COPD, drug intake etc.[5,20,21] 
Studies prove increased MPV values in patients with 
diabetes mellitus compared to the controls. Diabetics 
with complications had a higher MPV compared to those 
without complications.[22]Our study also proves the same. 
When these variations are given a thought, appropriate 
measures taken and then analyzed in special settings 
like acute coronary syndromes, it will definitely prove a 
specific and reliable assessement marker.

Our study has some limitations. Owing to the short duration 
of study period, sample size was small. Follow up of the 
patients was not done hence implication of the platelet 

indices on the treatment outcome and overall morbidity 
and mortality was not assessed. Platelet function tests was 
not done to support the prothrombotic nature of the disease.

Conclusion
We conclude saying MPV and PDW is increased in ACS 
patients compared to the controls, values being higher 
in MI group than those with unstable angina. Both the 
parameters were also higher in the diabetic patients than 
the non-diabetics. Hence, the results of the present study 
appear to substantiate that increased MPV can serve as a 
predictive marker of prothrombotic state in ACS patients.
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