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Abstract

Background: Mean platelet volume (MPV) has been introduced as a simple and accurate method for assessing platelet function,
which can be used as a prognostic marker for cardiovascular events. We investigated whether pre-procedural MPV could predict
major adverse cardiac events (MACE) in candidates for elective percutaneous coronary intervention (PCI).

Methods: In this large retrospective cohort, we reviewed the clinical and follow-up data of 4199 candidates (mean age = 59.9 +
10.3 years; female patients = 1440 [34.3%)]) for elective PCI due to unstable angina (UA) or non-ST segment elevation myocardial
infarction (NSTEMI). The primary endpoint of the study was the incidence of MACE defined as in-hospital mortality, cardiac death,
nonfatal M, target lesion revascularization (TLR) or target vessel revascularization (TVR). Based on the MPV level tertiles, patients
were categorized into three groups for further comparison.

Results: Higher MPV was significantly associated with older age (P<0.001), hypertension (P<0.001), diabetes mellitus (P=0.003),
history of previous CABG (P<0.001) and lower levels of serum triglyceride (P<0.001). The frequency of 1-year MACE was 176
(4.1%) with no significant difference between the MPV tertile groups. The highest MPV tertile could significantly predict MACE
in the univariable model (hazard ratio = 1.51, 95% confidence interval: 1.05-2.17; P=0.026). In the adjusted model, the highest
MPV tertile was a borderline predictor for MACE (hazard ratio = 1.62, 95% Cl: 0.98-2.68; P=0.057).

Conclusion: High MPV was associated with cardiovascular risk factors and older age while high MPV was a borderline independent
predictor for 1-year MACE in the candidates for elective PCI.
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Introduction

Cardiovascular disease is the major cause of death in the
world and Iran is not an exception."? Within the past few
decades, treatment of coronary artery disease (CAD) has
shifted from invasive coronary artery bypass graft to less
invasive measures like percutaneous coronary intervention
(PCI).? As the main goal of treatment in CAD patients is
to improve survival,® identification of prognostic factors
for survival of patients who undergo PCI is crucial. To
date, several studies have been conducted to recognize
these factors and many of them such as advanced age,
dyslipidemia, recent myocardial infarction (MI), and
SYNTAX score have been proven as strong predictors of
survival.”” On the other hand, there are still many factors
that have shown a controversial effect on the survival of
the patients such as platelet indices.

As platelets and their function have a pivotal role in the
treatment of patients following PCI, it is plausible that
pre-procedural platelet indices and their changes following
treatment can influence the survival of patients. MPV
has been introduced as a simple and accurate method
for assessing platelet function, which can be used as a

prognostic marker for cardiovascular events.*'° However,
data on the predictive value of MPV is inconsistent and
some studies found no association between baseline MPV
and prognosis of patients following PCL" Therefore, we
presumed that a comprehensive study on platelet indices,
including MPV, in a large group of PCI candidates could
elucidate this subject.

In the present study, we investigated whether
preprocedural platelet indices could predict the clinical
outcome, particularly major adverse cardiac events
(MACE) in patients who undergo elective PCI due to
unstable angina (UA) or non-ST segment elevation
myocardial infarction (NSTEMI) at our center.

Materials and Methods

This retrospective study included all consecutive
candidates for elective PCI due to UA or NSTEMI who
were admitted to the Tehran Heart Center between April
2006 and March 2012 and completed their follow-up
visits or reached the study endpoints. Data for the patients
were retrieved from the Angiography registry of Tehran
Heart Center,’? and the study population was selected
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based on the study criteria. Our inclusion criteria were:
age >18 years, presence of a pre-procedural comprehensive
complete blood count (CBC) including platelet indices
and completion of a one-year follow-up. The exclusion
criteria were: positive factor V Leiden, history of any
malignancy, hyperthyroidism, and end-stage renal discase.

Baseline demographics, past medical history, classic
cardiovascular risk factors (diabetes mellitus, hypertension,
dyslipidemia, and smoking) family history of CAD,
pre-procedural laboratory measurements (CBC and
biochemistry), and clinical and angiographic characteristics
were recorded for each subject at time of admission and
were later retrieved from the database of our center.

Coronary artery angiography was performed at the
catheterization laboratory of Tehran Heart Center under
local anesthesia by an expert interventional cardiologist.
CAD was classified based on the clinical vessel score
and the patients were categorized as having single-vessel,
two-vessel, or three-vessel disease and the atherosclerotic
vessel(s) was treated by balloon angioplasty or stenting
based on the interventional cardiologist’s decision.

The follow-up data, including all the events from the
time of PCI, were collected by scheduled clinic evaluations
or direct telephone interviews and recorded in our
database. In this study, we considered the data of one-year
follow-up for all patients. The primary endpoint of the
study was the time from PCI to the occurrence of MACE
or the end of follow-up, whichever came first. MACE was
defined as in-hospital mortality, cardiac death, nonfatal
MI, target lesion revascularization (TLR) or target vessel
revascularization (TVR). A comprehensive definition of
the procedural and follow-up data at our center has been
published previously.>”

Based on the MPV level tertiles, patients were
categorized into three groups for comparison. All study
variables, as well as elements of MACE, were compared
between the study groups. We also compared the survival
of the patients between the MPV categories and identified
the predictive factors for MACE in our study population.

Statistical Methods

Continuous variables are presented as mean + standard
deviations and compared between the three groups of
MPV using the one-way ANOVA test or the Kruskal-Wallis
H-test, as appropriate. Categorical variables are presented
as counts and percentages and were compared with the
chi-square test or Fisher’s exact test when appropriate.
Survival curves were generated using the Kaplan—Meier
method, and the log-rank test was employed to evaluate
differences between the groups. Variables reported as a
confounder in the literature as well as those simultaneously
associated with MPV and MACE with P < 0.2 in our
data, were considered as potential confounders. Cox
proportional-hazards model was applied to assess the effect
of MPV on MACE adjusted for potential confounders.

We reported the effects of MPV through hazard ratios
and corresponding 95% confidence intervals (CI). SPSS
version 21.0 (Chicago, Illinois, USA) was used to conduct
statistical analyses.

Results

In this study, data of 4,199 patients (mean age = 59.9
10.3 years; female patients = 1440 [34.3%]) who met our
study criteria were included for analysis. We noticed that
132 (3.1%) patients were completely lost to follow-up.
Also, 146 (3.5%) patients had an incomplete follow-up.
Dyslipidemia was the most frequent cardiovascular risk
factor (68.8%) and over half of the patients (56.6%) had
a coronary lesion in the LAD territory. Around 2.5% of
the patients underwent balloon angioplasty and the rest
underwent stenting. Mean of the MPV was 9.7 + 1.1 in
the study population and patients were divided into three
groups based on the tertiles value of MPV (tertile 1: MPV
< 9.2 fl; tertile 2:9.2 < MPV < 10.1 and tertile 3: MPV >
10.1).

The patients with larger platelet volumes were
significantly older than the other two groups (P < 0.001)
and the frequency of hypertension and diabetes mellitus
were significantly higher in them (P < 0.001 and P =
0.003, respectively). On the other hand, the history
of previous CABG was significantly lower in patients
with smaller platelet size (P < 0.001) and they also had
higher levels of serum triglyceride (P < 0.001). The use of
clopidogrel and statins were also higher in the MPV tertile
group 3 (P = 0.002 and P < 0.001). Other demographic
and clinical characteristics did not have any significant
difference between the MPV tertile groups, as shown in
detail in Table 1.

Comparison of the echocardiographic characteristics
showed that the ¢jection fraction was significantly higher
in padents with lower MPV (2 = 0.001), although this
difference was no likely to be clinically important. Most
of the angiographic and angioplastic characteristics were
similar between the 3 groups (Table 2); however, a lesion
in the left main artery was more frequent in patients with
larger platelet size (P = 0.01).

Within a one-year follow-up, the observed total MACE
for all patients was 176 (4.1%) (Annual incidence = 3.7
per thousand persons [95% CI: 3.2-4.3]). Although
there was a tendency for higher MACE by the increase
in the platelet volume, there was no significant difference
between the MPV tertile groups for total MACE and its
elements. Details of the 1-year incidence rate of MACE in
the study population and the MPV subgroups are shown
in Table 3.

We then evaluated the predictive effect of MPV for
MACE in the study population. The results of the
univariable analysis showed that the highest MPV tertile
could significantly predict MACE in the study population
(hazard ratio = 1.51, 95% confidence interval: 1.05-2.17;
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Table 1. Demographic and Clinical Characteristics of the Patients Based on the Mean Platelet Volume Tertiles

Characteristic Low MPV (n = 1508) Normal MPV (n = 1327) High MPV (n = 1364) Total (n = 4199) P Value
Age, year 59.4+10.3 59.3 +10.4 61.0+10.0 59.9+10.3 <0.001
Male gender, n (%) 1014 (67.2) 878 (66.2) 867 (63.6) 2759 (65.7) 0.106
BMI, kg/m? 27.8 4.4 279+ 4.4 282 +4.7 28.0+4.5 0.142
Family history of CAD, n (%) 255 (16.9) 248 (18.8) 255 (18.8) 758 (18.1) 0.336
Smoking, n (%) 333 (22.1) 301 (22.7) 308 (22.6) 942 (22.4) 0.918
Dyslipidemia, n (%) 1039 (68.9) 909 (68.5) 937 (68.7) 2885 (68.7) 0.974
Hypertension, n (%) 837 (55.5) 807 (60.8) 867 (63.6) 2511 (59.8) <0.001
Diabetes mellitus, n (%) 443 (29.4) 444 (33.5) 480 (35.2) 1367 (32.6) 0.003
Opium addiction, n (%) 218 (14.5) 178 (13.4) 182 (13.3) 578 (13.8) 0.622
Past medical history
Renal failure, n (%) 22 (1.5) 29 (2.2) 30(2.2) 81(1.9) 0.253
CHF, n (%) 14 (0.9) 24 (1.8) 27 (2.0) 65 (1.5) 0.48
COPD, n (%) 42 (2.8) 55 (4.1) 56 (4.1) 153 (3.6) 0.84
CVA, n (%) 3(0.2) 2(0.2) 1(0.1) 6(0.1) 0.785
Previous PCI, n (%) 202 (13.4) 210 (15.8) 217 (15.9) 629 (15.0) 0.098
Previous CABG, n (%) 95 (6.3) 145 (10.9) 140 (10.3) 380 (9.0 <0.001
Drug history
ASA, n (%) 1487 (98.6) 1316 (99.2) 1349 (98.9) 4152 (98.9) 0.362
Clopidogrel, n (%) 1383 (91.7) 1254 (94.5) 1288 (94.4) 3925 (93.5) 0.002
Statins, n (%) 1152 (81.9) 1120 (86.5) 1185 (88.2) 3457 (82.3) <0.001
Laboratory tests
Total cholesterol, mg/dL 175.1 £45.5 172.0 +45.9 174.2 +49.8 1739 £47.1 0.353
Triglyceride, mg/dL 154.0 [114.0, 215.0] 146.0 [105.0, 212.7] 139.5 [101.0, 189.2] 147.0 [106.5, 209.0] <0.001
LDL, mg/dL 102.0 [80.0, 132.0] 101.0 [77.0, 129.0] 103.0 [78.0, 132.2] 102.0 [78.5, 131.0] 0.496
HDL, mg/dL 40.6+10.8 40.7+10.6 41.4+£11.1 40.9+10.8 0.265
FBS, mg/dL 104.0 [92.0, 130.0] 103.0 [90.0, 131.0] 103.0 [91.0, 138.0] 103.0 [91.0, 132.0] 0.393
Creatinine, mg/dL 0.9 0.8, 1.1] 0.910.8, 1.1] 0.910.8, 1.1] 0.9 0.8, 1.1] 0.747
Hemoglobin, mg/dL 13.9+1.7 141+1.7 141 +1.7 14.0+1.7 0.099

BMI, Body mass index; CABG, Coronary artery bypass graft; CAD, Coronary artery disease; CHF, Congestive heart failure; COPD, Chronic obstructive pulmonary
disease; CVA, Cerebrovascular accident; FBS, Fastening blood sugar; HDL, High density lipoprotein; LDL, Low density lipoprotein; MPV, Mean platelet volume;
PCl, Percutaneous coronary intervention

Table 2. Comparison of the Angiographic and Angioplastic Characteristics of the Study Groups

Characteristic Low MPV (n = 1508) Normal MPV (n = 1327) High MPV (n = 1364) Total (n = 4199) P Value
EF, % 51.4+8.6 50.2 +£9.4 50.3 +9.5 50.6 £9.2 0.001
Mean RVD 3.2+0.5 3.1+0.5 3.1+04 3.1+0.5 0.162
Stent length (sum) 28.0 [18.0, 36.0] 28.0 [18.0, 36.0] 28.0[18.0, 36.0] 28.0[18.0, 36.0] 0.644
Mean stent length 23.0[18.0, 28.0] 23.0[18.0, 28.0] 23.0[18.0, 28.0] 23.0[18.0, 28.0] 0.341
Stent diameter 3.1+£04 3.0+0.4 3.0+ 0.4 3.1+0.4 0.098
LAD territory, n (%) 876 (58.1) 761 (57.3) 740 (54.3) 2377 (56.6) 0.094
RCA territory, n (%) 480 (31.8) 402 (30.3) 415 (30.4) 1297 (30.9) 0.612
LCX territory 427 (28.3) 409 (30.8) 442 (32.4) 1278 (30.4) 0.055
Multistage PCI 265 (17.6) 231(17.4) 227 (16.6) 723 (17.2) 0.785
Stent type, n (%) 0.361

Bare metal 271 (18.0) 210 (15.8) 210 (15.4) 691 (16.5)

DES 1108 (73.5) 981 (73.9) 1014 (74.3) 3103 (73.9)

Hybrid 98 (6.5) 100 (7.5) 103 (7.6) 301 (7.2)

POBA 31(2.1) 36(2.7) 37(2.7) 104 (2.5)
SVG, n (%) 39 (2.6) 52 (3.9) 45 (3.3) 136 (3.2) 0.134
LIMA, n (%) 4(0.3) 1(0.1) 2(0.1) 7(0.2) 0.577
Left main, n (%) 1(0.1) 2(0.2) 9(0.7) 12 (0.3) 0.01

DES, Drug-eluting stent; EF, Ejection fraction; LAD, left anterior descending; LCX, Left circumflex; LIMA, Left internal mammary artery; PCl, Percutaneous coronary
intervention; POBA, Plain old balloon angioplasty; RCA, Right coronary artery; RVD, right ventricular diameter; SVG, Saphenous vein graft.
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Table 3. The 1-Year Incidence Rate of Major Adverse Cardiac Events in the Total Study Population and the MPV subgroups

Characteristic Low MPV* Normal MPV High MPV Total

Total MACE 9(2.2-3.9) 3.9 (3.0-5.1) 4.5 (3.5-5.7) 7 (3.2-4.3)
TVR 5(1.0-2.2) 1.7 (1.1-2.5) 2.3(1.7-3.2) 8(1.5-2.2)
TLR 8 (0.5-1.4) 0.8 (0.4-1.4) 1.0 (0.6-1.6) 9 (0.6-1.2)
Non-fatal Ml 0.5 (0.3-1.0) 0.9 (0.5-1.6) 1.6 (1.0-2.4) 0(0.7-1.3)
CABG 2 (0.1-0.6) 0.2 (0.1-0.06) 0.5 (-0.3-1.1) 3(0.2-0.5)
Cardiac death 5(0.2-1.0) 0.6 (0.3-1.2) 0.9 (0.5-1.5) 7(0.5-0.9)
Non cardiac death 0.3 (0.1-0.7) 0.2 (0.1-0.6) 0.2 (0.1-0.6) 2 (0.1-0.4)

CABG, Coronary artery bypass graft; MACE, Major adverse cardiac events; Ml, Myocardial infarction; MPV, mean platelets volume.
* Data are shown as 1-year incidence per 1000 people (95% confidence interval).

P = 0.026) (Table 4). After adjustment for confounding
variables (listed in Table 4), it was revealed that the highest
MPV tertile could be a borderline predictor for MACE in
the candidates for elective PCI following UA or NSTEMI
(hazard ratio = 1.62, 95% CI: 0.98-2.68; P = 0.057). The
one-year MACE-free survival in the lowest MPV tertile
group was 96.5% versus 94.7% in the highest MPV tertile
group (Log-rank: P = 0.081). The Kaplan-Meier event-
free survival curves of the patients during one-year follow-
up, according to MPV tertiles are shown in Figure 1.

Discussion

In this retrospective cohort of 4199 patients undergoing
PCI due to UA or NSTEMI at Tehran Heart Center, we
found out them MPV at the time of admission could be
a borderline predictor of one-year MACE in our study
population after adjustment for confounding variables.
We also showed that patients with higher MPV tended to
be older, more diabetic and hypertensive and more likely
to have a history of CABG. There was also a tendency
toward a higher incidence of MACE in the higher MPV

group, albeit not significant.

Theroleof plateletsand their function in the development
and treatment of cardiovascular disease has always been
an interesting topic for clinical researchers. Various
platelet indices are used to measure the platelet function,
including metabolic, structural, morphological indices as
well as indices related to bleeding and coagulation.'*' Size
of the platelets is usually measured by MPV, an easy index
for evaluating platelet function, and it has become a good
biomarker for cardiovascular disease.'®!”

Studies have shown the association of high MPV with
classic cardiovascular risk factors, such as diabetes mellitus,
hypertension, dyslipidemia, obesity and smoking.'®*!
Moreover, the independent predictive role of MPV for
various cardiovascular and cerebrovascular conditions,
such as ischemic stroke,? left atrial stasis in the context
and MI,**® have been described
previously. By the way, its predictive role for the occurrence
of MACE following PCI was inconsistent between the

of atrial fibrillation?

studies to date, and some studies even did not find any
association between baseline MPV and MACE.* The

Table 4. The Predictive Effect of Mean Platelet Volume for Major Adverse .
Cardiac Events Following Percutaneous Coronary Angiography as Detected 1.00 MPV tertiles
Via the Cox-Regression Model (Unadjusted and Adjusted For Confounding nie=82
Variables) —1>9.2 & <=10.1
Predictor Hazard Ratio 95% ClI P Value® [T R = |
Unadjusted
Lowest tertile MPV Ref Ref 0.083 =
=
Middle tertile MPV 1.29 0.88-1.88  0.185 g %97
®
Highest tertile MPV 1.51 1.05-2.17 0.026 g
After adjustment for confounding variables” E
0.94
Lowest tertile MPV Ref Ref 0.092 s
Middle tertile MPV 1.04 0.59-1.82 0.884
Highest tertile MPV 1.62 0.98-2.68  0.057 0.9
Cl, Confidence interval; MPV, Mean platelet volume; PCl, Percutaneous
coronary intervention;
2 P < 0.05 was considered as statistically significant.
" Confounding variables included Age, body mass index, ejection fraction, 0.80
hemoglobin, diabetes, history of unstable angina, non-ST elevation

myocardial infarction, ST-elevation myocardial infarction, renal failure,
congestive heart failure, use of Plavix, previous percutaneous coronary
angiography, previous coronary artery bypass graft, lesion in the left anterior
descending artery territory, multistage percutaneous coronary intervention,
lesion in left inferior mammary artery, lesion in saphenous vein graft.

I T I T I T I
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Figure 1. The Kaplan-Meier Event-Free Survival Curves of the Patients During
the 1-Year Follow-Up, According to MPV Tertiles.
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common denominator of the prior studies is that MPV
was an independent predictor for MACE in most of them;
nonetheless, the reported hazard ratio was varying in a wide
range from one study to another. A recent study (n = 680)
reported the highest odds ratio for the predictive value
of MPV (odds ratio:11.35, 95% CI:2.481-51.994; P =
0.002) for MPV levels dichotomized at 9.6 fl.”” However,
the odds ratio for MPV ranged from 1.46 to 3.2.'0%832
which are more comparable to our study. Overall, it seems
that the study population and selection criteria, as well as
the study setting, have a noteworthy role in this difference.
But the overall message of all these studies, is the important
role of platelet function o the development of MACE and
thereby, the rationale for antiplatelet therapy following
PCI.

In our study, the frequency of patients who used
statins clopidogrel was significantly higher in the higher
MPV group. Despite the preventive effect of statins and
antiplatelet agents on MACE in patients who undergo
CABG,?% it is plausible that some other factors may
influence on the incidence of MACE, particularly in
patients with larger platelet size.

Among cardiovascular risk factors and their association
with MPV, the role of diabetes mellitus is not negligible. It
has been shown that MPV is higher in diabetic patients.””*
We also observed a higher frequency of diabetic patients in
the high MPV group. Therefore, it should be noted that
systemic changes in diabetic patients may also play an
important role in the development of MACE and thereby
some of this effect may be related to diabetes but not high
MPV alone.

The strength of our center is in the large number of the
study population which is the largest study on this topic
to our knowledge. However, there are some limitations
to this study. First, the retrospective nature of the study
may influence the findings, particularly the laboratory
measurements. Second, the result of the MPV is very much
dependant on the time interval from obtaining the blood
and measurements. It is obvious that samples taken more
than 2 hours prior to tests show larger values for MPV
and we had no data about this. Third, we did not have
the data for Aspirin or clopidogrel resistance in the study
cohort, so we could not determine if they were predictors
of MACE or not. Based on our institutional protocols,
patients who undergo PCI are followed-up routinely for
1 year. Therefore, another limitation to our study is the
limited duration of follow-up. And finally, our center is a
university referral hospital for cardiovascular disease and
patients who were treated in our center might probably be
different from the general population.

In conclusion, this study showed that High MPV is
a borderline independent predictor for 1-year MACE
in the candidates for elective PCI after adjustment for
confounding variables. Also, MPV was associated with
cardiovascular risk factors as well as older age and diabetes

mellitus. Due to various results obtained from different
studies, performing a meta-analysis is recommended at
this stage to fully elucidate the predictive value of MPV
for MACE.
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