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Abstract

Objective: We planned to investigate the effect of mean platelet volume (MPV) on in-hospital mortality and coronary
risk factors in geriatric patients with ST segment elevation myocardial infarction (STEMI) who underwent primary
percutaneous coronary intervention (PCI).

Methods: We enrolled 194 consecutive STEMI patients. The study population was divided into two groups on the
basis of admission MPVs. The high-MPV group (n=49) included patients in the highest tertile (>8.9 fL), and the
low-MPV group (n=145) included patients with a value in the lower two tertiles (<8.9 fL). Clinical characteristics,
in-hospital mortality, cardiovascular risk factors, and outcomes of primary PCI were analyzed.

Results: The patients in the high-MPV group were older, more of them had three-vessel disease, and they had higher
in-hospital mortality. Patients with in-hospital death were older, had higher Gensini score, creatinine concentration, and
MPYV, and had lower HDL cholesterol concentration. MPV, age, HDL cholesterol concentration, creatinine concentra-
tion, and Gensini score were found to be independent predictors of in-hospital death.

Conclusion: These results suggest that high admission MPV levels are associated with increased in-hospital mortal-
ity in geriatric patients with STEMI undergoing primary PCI.

Keywords: geriatric; ST segment elevation myocardial infarction; primary percutaneous coronary intervention; mean
platelet volume; in-hospital mortality
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Treatment of acute coronary syndrome involves
inhibition of platelet activity and thrombus
formation. Platelets play a significant part during
myocardial infarction by enhancing microvascu-
lar obstruction and secreting vasoactive peptides.
Those in turn affect tissue perfusion and patency of
the infarct-related artery (IRA) [2, 3]. Platelet reac-
tivity is an important matter, and there is evidence
that larger platelet size, measured as mean platelet
volume (MPV), is associated with enhanced plate-
let activity [4, 5]. Higher MPVs are observed in
patients with acute coronary syndromes compared
with patients with stable angina or normal coronary
arteries [6, 7]. Elevated MPV is associated with
myocardial infarction and death [5].

There have been some reports regarding the
prognostic value of MPV in geriatric patients with
STEMI who underwent primary percutaneous inter-
vention (PCI). We hypothesized that higher MPV's
would be associated with in-hospital death follow-
ing primary PCI in geriatric patients with STEMI.

Methods

Patient Population and Study Protocol

We included 194 consecutive patients with acute
STEMI presenting at the Recep Tayyip Erdogan
University Training and Research Hospital between
December 2012 and May 2014 in this retrospec-
tive observational study. The inclusion criteria were
as follows: electrocardiography revealing STEMI,
which was defined as more than 30 minutes of con-
tinuous typical chest pain and ST segment elevation
of 2 mm or more in two contiguous electrocardiog-
raphy leads within 12 hours of symptom onset or
up to 18 hours if there was evidence of continuing
ischemia or hemodynamic instability.

The study population of 194 patients was divided
into two groups on the basis of admission MPVs.
Patients in the high-MPV group (n=49) had an
MPYV in the third tertile (>0.89 fL), and patients in
the low-MPV group (n=145) had an MPV in the
lower two tertiles (<0.89 fL).

The demographic characteristics of the patients,
cardiovascular history, and risk factors (hyperten-
sion, diabetes mellitus, smoking, hyperlipidemia)
were obtained from medical records. We recorded

the reperfusion time and door-to-balloon times. The
exclusion criteria included the presence of renal
failure (serum creatinine concentration greater than
1.5 mg/dL), chronic liver disease, chronic inflam-
matory disease, autoimmune syndromes, congenital
heart disease, anemia, active infection, hematopro-
liferative disorders, chronic obstructive pulmonary
disease, serious arrhythmia, hypothyroidism or
hyperthyroidism, and active malignancy.

Biochemical Analyses

Venous peripheral blood samples for MPV and
blood biochemistry tests were drawn before any
treatment. Blood samples were collected in stand-
ardized tubes containing dipotassium EDTA, and
all measurements were performed by an optical
laser method with a Mindray BC-5800 analyzer.
High-sensitivity troponin T was quantified with a
cobas e 411 analyzer (Roche). A 12-lead electrocar-
diogram was recorded in each patient just after hos-
pital admission, and the myocardial infarction type
was obtained from the electrocardiogram. All bio-
chemical measurements were performed by stand-
ard laboratory procedures.

Coronary Angiography, Primary
Angioplasty, and Stenting

All patients received chewable 300 mg aspirin and
clopidogrel (600 mg loading dose) before coronary
angiography. Angiographic data of the patients were
evaluated from catheterlaboratory records. Emergency
coronary angiography and angioplasty were per-
formed via the percutaneous femoral approach. A
nonionic, iso-osmolar contrast medium was used in
all patients. The contrast medium was injected first
into the artery that was presumed to be unobstructed.
Blood flow in the IRA was graded according to the
Thrombolysis in Myocardial Infarction (TIMI) clas-
sification [8]. Heparin (100 IU/kg) was administered
when the coronary anatomy was first defined.

After visualization of the left and right coronary
arteries, nitrate was selectively injected into the IRA
to rule out a possible coronary spasm if appropriate.
Angiographic evaluation was done by visual assess-
ment. Primary angioplasty (including balloon angio-
plasty and/or stent implantation) was performed only
for the IRA according to the lesion type. For each



procedure, success of the intervention was determined
as reduction to less than 30% obstruction and stenosis
of the IRA with TIMI 3 flow just after primary angio-
plasty. After angioplasty, the Gensini score was calcu-
lated [9] and all patients were admitted to the coronary
care unit. Aspirin (100 mg per day) and clopidogrel
(75 mg per day) use was continued in all patients. The
use of glycoprotein IIb/Illa inhibitors was left to the
discretion of the interventional cardiologist.

Statistical Analysis

PASW Statistics for Windows (version 18.0, SPSS,
Chicago, IL, USA) software package was used for
all statistical calculations. Continuous variables are
given as the meanzstandard deviation or median
and as appropriate; categorical variables are given
as percentages. Data were tested for a normal distri-
bution by the Kolmogorov-Smirnov test. Student’s ¢
test was used for the univariate analysis of normally
distributed continuous numerical variables and the
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Mann-Whitney U test was used for nonnormally
distributed numerical variables. Categorical vari-
ables were compared with the Pearson chi-square
or Fisher exact test. The Spearman correlation coef-
ficient was calculated to evaluate the association
between two continuous variables. Variables with
P<0.05 were included in the logistic regression
analyses with the “enter” method. All tests of sig-
nificance were two-tailed. Statistical significance
was defined as P<0.05.

Results

Baseline Characteristics

The baseline characteristics of the patients are pre-
sented in Table 1. Patients in the high-MPV group
were older (8016 years vs. 78 =4 years, P=0.038) at
admission than patients in the low-MPV group. The
other remaining clinical characteristics were similar

Table 1 Baseline Characteristics of the Study Population.

Parameter MPV<8.9 fL (n=145) MPV >8.9 fL (n=49) P-value
Age (years) 78+4 80t6 0.038
Male sex, % (n)* 53 (77) 53% (26) 0.996
Hypercholesterolemia, % (n)* 46 (67) 41 (20) 0.430
Smoking, % (n)* 8 (12) 10 (5) 0.572
Hypertension, % (n) 53 (78) 59 (29) 0.512
Diabetes mellitus, % (n)* 38 (56) 34 (19) 0.985
WBCs (10%), n 9.84+3.8 10.0£3.4 0.841
Platelets (10%), n 240168 244156 0.497
Hemoglobin (g/dL) 13.0+1.7 13.6+1.6 0.260
Glucose (mg/dL) 11747 118£53 0.792
Alanine aminotransferase (U/L) 20*15 19+17 0.537
Total cholesterol (mg/dL) 17642 17840 0.733
LDL cholesterol (mg/dL) 113£35 10537 0.952
HDL cholesterol (mg/dL) 409 37+10 0.268
Triglycerides (mg/dL) 113+53 106+43 0.638
MPV (fL) 7.7£0.9 9.6x1.1 0.001
Creatinine (mg/dL) 0.9+0.3 1.0+£0.3 0.144
Sodium (mEq/L) 13914 13914 0.811
Potassium (mEq/L) 4+04 4+0.5 0.758
Gensini score 42125 50+£30 0.198
In-hospital mortality, % (n)* 15 (22) 29 (14) 0.037

MPYV, mean platelet volume; WBC white blood cell.
*Chi-square test was performed.
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between the groups. Patients in the high-MPV group
experienced higher in-hospital mortality (29 vs.
15%, P=0.037) than patients in the low-MPV group.

Angiographic and Procedural
Characteristics

Angiographic and procedural characteristics of the
two groups are detailed in Table 2. The proportions
of culprit lesions and the TIMI flow rates were
similar in the two groups. However, patients in the
high-MPV group had more prevalent three-vessel
disease (Table 2).

The Relationship Between In-Hospital
Death and the Study Parameters

Patients with in-hospital death were older, had
higher Gensini scores, creatinine concentrations,

and MPVs, and had lower HDL cholesterol concen-
trations than patients who survived (Table 3).

Multivariate Analysis

Multiple logistic regression analysis revealed MPYV,
age, creatinine concentration, HDL cholesterol con-
centration, and Gensini score to be independent pre-
dictors of in-hospital death (Table 4).

Discussion

We demonstrated that high MPV is an important
factor predicting increased in-hospital mortality in
geriatric patients with STEMI undergoing primary
PCI. Moreover, we revealed that mortality is also
related to age, the extent of CAD as assessed by the
Gensini score, and the degree of renal impairment

Table 2 Relationship Between Mean Platelet Volume (Mpv) and Thrombolysis in Myocardial Infarction (Timi) Flow,
Location of Myocardial Infarction (MI), and Vessel Count.

Parameters MPV<8.9 (n=145) MPV>8.9 (n=49) P-value
TIMI flow 0.543
TIMI 0, % (n) 12 (17) 14 (7)
TIMI 1-3, % (n) 88 (128) 86 (42)
MI 0.184
Anteroseptal MI, % (n) 56 (81) 45 (22)
Inferior MI, % (n) 44 (64) 55 (27)
CAD vessel count 0.004
1 vessel, % (n) 57 (82) 44 (22)
2 vessels, % (n) 35 (51) 29 (14)
3 vessels, % (n) 8 (23) 27 (13)

CAD, coronary artery disease.

Table 3 Relationship Between In-Hospital Death and Study Parameters.

Variable In-hospital death (n=36) Alive (n=158) P-value
Age (years) 82+5 78+5 0.001
Gensini score 79+32 44120 0.001
Creatinine (mg/dL) 1.27+£0.39 0.98+0.25 0.001
Total cholesterol (mg/dL) 175+39 184+43 0.257
LDL cholesterol (mg/dL) 114433 120£36 0.446
HDL cholesterol (mg/dL) 35+7 4019 0.001
Triglycerides (mg/dL) 123144 117152 0.363
MPV (fL) 89+£1.6 8.0£1.3 0.004

MPYV, mean platelet volume.
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Table 4 Independent Predictors of In-Hospital Death.

Independent variable P-value* Beta (standardized) Exp B (95% confidence interval)
Age 0.005 0.148 1.159 (1.045-1.285)

MPV 0.037 0.331 1.392 (1.1020-1.900)

Creatinine concentration 0.002 2.433 11.397 (2.390-54.356)

HDL cholesterol concentration 0.038 —-0.066 0.936 (0.879-0.996)

LDL cholesterol concentration 0.299 —-0.008 0.992 (0.978-1.007)

Gensini score 0.001 0.058 1.059 (1.034-1.085)

Constant 0.001 -18.871

R? (Cox and Snell/Nagelkerke) 0.355/0.574

MPYV, Mean platelet volume.

*Variables with P<0.05 were included in the logistic regression analyses with the “enter” method.

as assessed by serum creatinine and HDL choles-
terol concentrations following primary PCI.

The fact that high MPV in patients with STEMI
undergoing primary PCI is associated with in-
hospital death was previously demonstrated. Akgul
et al. [10] revealed that high MPVs were related
to higher 6-month cardiovascular mortality and
6-month all-cause mortality, in addition to higher
in-hospital cardiovascular mortality.

Higher MPV may parallel the increased num-
ber of both platelet-leukocyte and platelet-platelet
aggregates [11]. Martin et al. [12] revealed that
the highest quartile of MPV, measured 6 months
after myocardial infarction, was associated with
increased risk of death and recurrent ischemic
events at the 2-year follow-up.

Elderly patients exhibit several differences from
young patients with myocardial infarction [13].
First, longer lifespan causes prolonged exposure
to risk factors, which may cause more extensive
CAD. Second, elderly patients with myocardial
infarction tend to exhibit atypical symptoms such
dyspnea, fatigue, and dizziness rather than angina.
Lastly, elderly patients have longer admission times
compared with younger patients, probably due to
abnormalities in pain perception [14, 15]. Even
though elderly patients may feel angina, the sever-
ity would be less than expected. Dysfunctions in
the autonomic system, cerebral cortex, and sensory
nerves may be responsible alone or in combination
for increased pain threshold [16, 17].

Previous studies documented similar success of
primary PCI in elderly patients despite more exten-
sive disease, more prevalent three-vessel disease,

and comorbid conditions [18, 19]. However, as we
observed in our study, more complex CAD, longer
delay to hospital admission, and higher MPV
increase in-hospital mortality in this special sub-
group. Feliciano et al. [19] investigated the effect
of primary PCI in patients aged more than 75 years
and in a younger group. Even though the success
rate of primary PCI was similar in both groups,
elderly patients had higher mortality.

We documented that MPV is a significant predic-
tor of in-hospital death. Patients with higher MPV
have increased levels of platelet granules, micro-
particles, and receptors. Platelets have a major role
in the pathogenesis of acute coronary syndromes.
Since platelets are consumed during myocardial
infarction, bone marrow produces and releases new
platelets to the circulation. The association of MPV
with platelet activation and aggregation and subse-
quent acute coronary syndromes has already been
shown [20, 21]. MPV, a simple and reliable indi-
cator of platelet functions, has been demonstrated
to be larger in patients with CAD compared with
normal individuals [22]. There is long-standing
evidence regarding the role of MPV in acute cor-
onary syndromes [23]. MPV has been identified
as an independent predictor of poor angiographic
reperfusion and 6-month mortality in patients with
STEMI who underwent primary PCI [24].

Reperfusion injury may have affected our results
as well. Since we know that cooperation among
platelets, leukocytes, and endothelial cells is impor-
tant in atherosclerosis and in maintenance of blood
flow in both healthy and diseased vascular seg-
ments, increased MPV and leukocyte count in
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patients with STEMI implies that these cells may
participate in reperfusion injury, either alone or in
combination. Leukocytes and platelets may medi-
ate reperfusion injury in different pathways. Plugs
formed by leukocyte or platelet aggregates, or
combined complexes, may hinder coronary blood
flow, especially in the microvessels [25]. Evidence
demonstrated that platelets and neutrophils act syn-
ergistically in provoking postreperfusion cardiac
dysfunction and that this may be largely due to cell-
to-cell interactions mediated by P-selectin [26].
Platelets may also create impairment in reperfusion
through secretion of inflammatory, vasoconstrictor,
and prothrombotic mediators, thus increasing reper-
fusion injury [27].

We demonstrated higher creatinine levels and
a higher Gensini score are associated with in-
hospital death. The effect of increased creatinine
concentration on long-term mortality in patients
with STEMI following primary PCI has been dem-
onstrated [28]. A recent study confirmed increased
in-hospital mortality and major adverse cardiovas-
cular events in patients with impaired renal func-
tions [29]. Previous studies identified that coronary
lesion complexity has been associated with higher
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