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Abstract

Background: The diagnosis and management of acute coronary syndrome (ACS) have improved significantly over the past few
decades; however, the recognition of myocardial ischemia still proves to be a dilemma for cardiologists. The aim of this study was to
determine the role of hematological and coagulation parameters in the diagnosis and prognosis of patients with ACS.

Methods: This prospective study recruited 250 patients with ACS and 250 healthy controls. The diagnostic role of hematological
and coagulation parameters was assessed by comparing the patients with ACS with the control group. The relationships between
these parameters and mortality were determined by dividing the patients into 2 groups: Group A (discharged) and Group B (patients
who died within 30 days of follow-up). Multivariate Cox regression analysis was performed to calculate the hazard ratio (HR).

Results: The mean age of the patients was 55.14+10.71 years, and 65.2% of them were male. Prothrombin time (P<0.001),
activated partial thromboplastin time (P<0.001), mean platelet volume (MPV) (P<0.001), white blood cell (WBC) count (P<0.001),
and red blood cell distribution width (RDW) (P<0.001) were significantly higher in the case group than in the control group. WBC
count (P<0.001), RDW (P<0.001), and MPV (P<0.001) were significantly higher in the controls than in the case group. The Cox
regression model showed that RDW above 16.55% (HR=6.8), MPV greater than 11.25 fL (HR=2.6), and WBC higher than
10.55x10°/uL (HR=6.3) were the independent predictors of mortality.

Conclusion: In addition to being the independent predictors of short-term mortality, RDW, WBC, and MPV when used together
with the coagulation profile may aid in the diagnosis of ACS in patients presenting with chest pain.
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Introduction

Despite great progress in the diagnosis and management

of acute coronary syndrome (ACS), the recognition of
myocardial ischemia still presents as a challenge to physicians,
who continue to admit an inordinate number of patients, often
over-diagnosing myocardial ischemia in low-risk patients.

As was stated in a previous study, only one-fifth of the
patients presenting with the complaint of acute chest pain
required immediate treatment and hospital admission.
However, a lack of a proper approach to patient stratification
at the time of presentation leads to physicians’ over-admitting
such patients.! This over-evaluation burns hospital resources
and threatens competence, especially in the low- and middle-
income countries like Pakistan, where there is already a
scarcity of resources.

Therefore, easily available laboratory tests which can be
successfully used to reduce emergency department over-
evaluation of patients with chest pain can have the potential to
reduce hospital expenses. There is still a high incidence of
mortality and complications among patients with ACS, and
this burden has risen dramatically in the last 50 years and will
continue to rise, as anticipated? The World Health
Organization has predicted 11.1 million deaths from coronary
heart disease in 2020.> In view of all these alarmingly high
numbers, it is important to stratify high-risk patients with ACS
in order to determine when to employ more aggressive
treatment strategies.

Along with the existing guidelines which recommend
cardiac troponin I (cTnl) and cardiac troponin T (cTnT)
measurements as the preferred biochemical cardiac
biomarkers for diagnosing ACS,* recent studies have shown
that raised levels of certain inflammatory markers including
C-reactive protein, B-type natriuretic peptide,
myeloperoxidase, placental growth factor, sCD40 ligand,
ischemia-modified albumin, choline, and cystatin C are
associated with an increased number of cardiovascular
complications and a higher rate of mortality.’ Despite the
usefulness of these novel biomarkers, a lack of routine
availability, unorthodox laboratory kits and procedures, and
high costs limit their worldwide utility.

In the presence of these limitations, parameters which are
easily measurable, cost-effective, and practicable by all
healthcare professionals are sought to distinguish those
patients who are at risk of death despite successful
recanalization. Some of these quick and low-cost parameters
reported in the previous literature are hemoglobin (Hb), red
blood cell distribution width (RDW), mean platelet volume
(MPV), and white blood cell (WBC) count.®

Nonetheless, there are conflicting data regarding the
usability of these parameters as outcome predictors in patients
with ACS, with some studies contradicting their outcome
prediction potential. Moreover, there is no study assessing the
prognostic value of these parameters in the Pakistani
population.

The objectives of the present study were to determine
whether on-admission hematological and coagulation

parameters can play a role in the diagnosis of ACS and the
prediction of short-term mortality (30 d) in this group of
patients.

Methods

This prospective cohort study was conducted at the
Cardiology Department of Civil Hospital, Karachi, Pakistan.
The study protocol was approved by the local ethics
committee, and formal written informed consent was taken
from all the patients. The study duration was 1 year, from
January 2016 to January 2017, which also included a follow-
up period of 1 month.

A total of 400 patients who had been admitted to the cardiac
emergency department with the chief complaint of new-onset
chest pain were evaluated. From this total, 300 patients with
the diagnosis of ACS were included in this study. Thirty
patients refused to take part in the study, while 20 patients
were excluded after considering the exclusion criteria. Also
selected were 250 healthy controls with no history of cardiac
disease and a normal electrocardiogram (ECG).

All patients with a complaint of chest pain (within the first
24 hours) and diagnosis of ACS at our cardiology emergency
department who had a complete workup done (including
complete blood count [CBC], cardiac enzymes, electrolytes,
and coagulation profile) were included in our study. All
patients with recent surgery, chronic inflammatory diseases,
malignancy, active infection, and severe hepatic or renal
impairment were excluded. Moreover, patients who had
received anti-coagulant, anti-platelet, or anti-inflammatory
drugs at least 7 days before blood sample collection were
excluded. Age- and gender-matched control subjects were
selected from among the patients who referred for a routine
checkup to our outpatient department.

For the purposes of the current study, ACS consisted of
non-ST-segment elevation myocardial infarction (NSTEMI),
defined by elevated cardiac ischemic markers (CK-MB or
troponin) with typical chest pain and/or ECG changes
indicating myocardial ischemia; ST-segment elevation
myocardial infarction (STEMI), defined by typical chest pain
lasting more than 20 minutes and associated with at least 1 of
these characteristics: an increase greater than 1 ng/mL in
troponin I and a new ST-segment elevation as measured from
the J-point in 2 or more contiguous leads from leads Vi, V2,
and V3 measuring at least 0.2 mV or at least 0.1 mV in the
remaining leads during the first 12 hours after symptom onset;
and unstable angina, defined by typical chest pain and/or ECG
changes indicating myocardial ischemia with negative cardiac
ischemic markers.’

A complete physical examination and a detailed medical
history of all the patients were taken at the time of admission.
In addition, the Killip clinical examination classification and
the New York Heart Association (NYHA) classification were
evaluated.

An interviewer-based pilot-tested questionnaire was
administered to every patient after 1 month following
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discharge to record the incidence of major adverse cardiac
events and mortality.

The patients were divided into 2 groups: Group A was
comprised of patients who were successfully discharged from
the hospital and Group B was composed of patients who died
during hospitalization or within 30 days of the follow-up
period.

Blood samples were obtained within 30 minutes of
admission. At baseline, venous blood samples were obtained
to measure hematological indices, coagulation profile, and
cardiac enzymes. An automated hematology analyzer,
SYSMEX XN-1000, was used to measure the hematological
indices. A blood coagulation analyzer, SYSMEX CA-1500,
was employed to measure the coagulation profile. Cardiac
enzymes (creatine kinase and creatine kinase-MB) were
measured with a Roche Cobas ¢501 chemistry analyzer
(Roche Diagnostics). Troponin T was measured via the highly
sensitive assay (Roche Diagnostics). The number of diseased
vessels was assessed through coronary angiography.
Additionally, the left ventricular ejection fraction was
evaluated using 2D echocardiography.

The categorical variables were compared using the y? test or
the Fisher exact test, while the continuous variables were
compared using the Mann-Whitney test or the independent-
sample ¢-test. The normality was assessed by using the
Shapiro-Wilk test. The receiver operating characteristics curve
analysis was performed to determine the area under curve and
the optimum cutoff of RDW, MPV, and WBC in predicting
mortality. The area under curve with the ranges of 0.90 to 1,
0.80 to 0.90, 0.70 to 0.80, 0.60 to 0.70, and 0.50 to 0.60 was
defined as excellent, good, fair, poor, and failing,
respectively.® Survival curves were made using the Kaplan-
Meier analysis and compared via the log-rank test. All the
variables whose p values were less than 0.25 in the univariate
analysis were included in a multivariate Cox regression
analysis. The backward stepwise likelihood ratio method was
applied to identify the independent predictors of 30 days’
mortality. A 2-tailed p value of less than 0.05 was considered
statistically significant.

Results

The mean age of the study population was 55.14+10.71
years, and almost two-thirds (n=163, 65.2%) were male. More
than half of the patients (n=176, 70.4%) were hypertensive,
while almost one-third were known diabetics (n=85, 34%).
The majority of the patients presented with either unstable
angina (n=85, 34.0%) or STEMI (n=99, 39.6%). Out of the
total population, 216 (86.4%) patients were successfully

discharged from the hospital, while 34 (13.6%) died during the
hospitalization or within 30 days of the follow-up period.

Comparisons of the hematological and coagulation
parameters in the control and ACS groups are depicted in
Table 1. Group A patients were found to have significantly
higher levels of prothrombin time (PT) (P<0.001), activated
partial thromboplastin time (aPTT) (P<0.001), international
normalized ratio (INR) (P<0.001), MPV (P<0.001), WBC
(P<0.001), neutrophils (P<0.001), lymphocytes (P<0.001), and
RDW (P<0.001) than Group B. On the other hand, the platelet
count (P<0.001), Hb (P<0.001), red blood cell count
(P<0.001), and hematocrit (P=0.002) were found to be higher
in the control group.

Table 2 shows a comparison of the baseline demographical,
clinical, laboratory, and follow-up data between Group A and
Group B. On comparison between Group A (n=216, 86.4%)
and Group B (n=34, 13.6%), there was no significant
difference in the prevalence of comorbid conditions such as
diabetes (P=0.827) and hypertension (P=0.705). However,
there was a greater percentage of patients with a family history
of coronary artery disease in Group A than in Group B
(P=0.013). The percentages of the left ventricular ejection
fraction were found to be lower in Group B than in Group A
(P=0.001). The duration of hospitalization of Group B was
longer than that of Group A (P=0.002).

The incidence rates of major adverse cardiac events on
follow-up such as myocardial infarction (MI) (P=0.006),
cardiogenic shock (P=0.008), rehospitalization (P=0.002), and
coronary artery bypass grafting (P=0.003) were significantly
higher in Group B than in Group A (Table 2).

Among the laboratory values, WBC count (P<0.001), RDW
(P<0.001), and MPV (P<0.001) were significantly higher in
the control group, whereas the platelet count (P=0.005) was
significantly lower for the same group of patients. Moreover,
the values of the coagulation profile such as PT (P=0.827),
aPTT (P=0.874), and INR (P=0.693) were similar between the
2 groups. The values of the other biochemical markers are
depicted in Table 2.
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Table 1. Comparisons of the hematological and coagulation parameters between the control group and the group of patients suffering from acute coronary syndrome”

Control Acute Coronary Syndrome ap
(n=250) (n=250)
Coagulation profile
PT (s) 11.35(1.80) 14.0 (4.80) <0.001
aPTT (s) 27.76 (6.79) 35.5(12.00) <0.001
INR 1.06 (0.18) 1.25(0.52) <0.001
CBC profile | 118
Hemoglobin (g/dL) 13.28+0.84 12.48+1.62 <0.001
White blood cell count (x10°/uL) 7.69£1.60 10.48+3.24 <0.001
Neutrophils (x10%/uL) 6.31£0.67 7.40£0.95 <0.001
Lymphocytes (x10°/uL) 2.09£0.83 3.20£0.68 <0.001
Red blood cell count (x10%pL) 4.71+£0.34 4.27+0.58 <0.001
Hematocrit (%) 39.43£2.94 38.09£6.04 0.002
RDW (%) 14.4 (1.16) 15.9 (2.84) <0.001
Platelet count (x10%/uL) 314.84+87.23 259.68+65.61 <0.001
MPV (fL) 10.74£0.65 11.14£1.37 <0.001

"Data are presented as means+SD or median (interquartile range).
PT, Prothrombin time; aPTT, Activated partial thromboplastin time; INR, International normalized ratio; RDW, Red blood cell distribution width; MPV, Mean platelet
volume

Table 2. Comparisons of the baseline demographical, clinical, laboratory, and follow-up data between the patients who died and those who were discharged”
Discharged (n=216) Mortality (n=34)

(Group A) (Group B) P
Age (y) 55.38+10.60 53.62+11.42 0.375
Male 140 (64.8) 23 (67.6) 0.747
Previous history
Smoking 62 (28.7) 11 (32.4) 0.664
Diabetes mellitus 74 (34.3) 11 (32.4) 0.827
Hypertension 153 (70.8) 23 (67.6) 0.705
Family history of CAD 93 (43.1) 7 (20.6) 0.013
Admission heart rate (bpm) 82.89+15.15 82.28+15.67 0.829
Admission SBP (mm Hg) 129.17+28.65 131.18+34.18 0.712
Admission DBP (mm Hg) 80.97+16.48 79.41+16.50 0.609
LVEF (%) 46.78+11.42 40.88+8.57 0.001
Duration of hospitalization (d) 7.00 (5.00) 9.00 (7.30) 0.002
Diagnosis 0.581
NSTEMI 59 (27.3) 7 (20.6)
STEMI 83 (38.4) 16 (47.1)
UA 74 (34.3) 11 (32.4)
Killip class on presentation 0.024
<l 139 (64.4) 15 (44.1)
>1 77 (35.6) 19 (55.9)
NYHA classification 0.043
<I 76 (35.2) 6(17.6)
>I 140 (64.8) 28 (82.4)
Number of diseased vessels 0.747
1 vessel 76 (35.2) 11 (32.4)
>1 vessel 140 (64.8) 23 (67.6)
Coagulation profile
PT (s)” 14.00 (4.80) 13.0 (5.50) 0.827
aPTT (s)™ 35.50 (12.38) 35.55 (12.05) 0.874
INR™ 1.25(0.52) 1.24 (0.46) 0.693
CBC profile
Hemoglobin (g/dL) 12.38+1.44 13.12+2.41 0.088
White blood cell count (x10%/uL) 10.03+2.79 13.33+4.33 <0.001
Neutrophils (x10%/uL) 7.3740.95 7.59+0.98 0.196
Lymphocytes (x10%/uL) 3.2140.69 3.1740.63 0.745
Red blood cell count (x10°/uL) 4.2840.58 4.20+0.57 0.478
Hematocrit (%) 37.83+5.77 39.7247.41 0.162
RDW (%) 15.70 (2.70) 17.20 (2.89) <0.001
Platelet count (x10%/pL) 264+62.36 230.15+78.15 0.005
MPV (fL) 11.01+1.17 12.01+2.06 <0.001
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Cardiac enzymes™"
Troponin T
CKMB™
CK

Follow-up

Rehospitalization

MI

Cardiogenic shock

Stroke

Dialysis

GI bleeding

Transfusion

CABG

Stent placement

Access-site complication

142 (65.7)
48.0 (41.0)
190.25 (268.8)

35(16.2)
34 (15.7)
16 (7.4)
15 (6.9)
4(1.9)
17 (7.9)
23 (10.6)
17 (7.9)
62 (28.7)
1(0.5)

23 (67.6)
4591 (58.5)
181.25 (408.8)

13 (38.2)
12 (35.3)
8(23.5)
4(11.8)
0 (0)
2(5.9)
6 (17.6)
9 (26.5)
11 (32.4)
12.9)

0.827
0.928
0.732

0.002
0.006
0.008
0.304
0.555
0.507
0.250
0.003
0.664
0.254

"Data are presented as means+SD, median (interquartile range)™", or n (%).

CAD, Coronary artery disease; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; LVEF, Left ventricular ejection fraction; NSTEMI, Non ST-elevation
myocardial infarction; STEMI, ST-elevation myocardial infarction; UA, Unstable angina; NYHA, New York Heart Association; PT, Prothrombin time; aPTT,
Activated partial thromboplastin time; INR, International normalized ratio; CBC, Complete blood count; RDW, Red blood cell distribution width; MPV, Mean platelet

volume; CKMB, Creatine kinase-MB CK, Creatine kinase; MI, Myocardial infarction; GI, Gastrointestinal bleeding; CABG, Coronary artery bypass grafting

Table 3. Univariate Cox regression analysis identifying the variables with p values less than 0.25

Age

Male

Previous history
Smoking
Diabetes mellitus
Hypertension

Admission heart rate

Admission SBP

Admission DBP

LVEF

Duration of hospitalization (d)

Killip>1

NYHA>1

NODV>1

Coagulation profile
PT
aPTT
INR

CBC profile
Hemoglobin
White blood cell count > 10.55 x10%/uL
Neutrophils
Lymphocytes
Red blood cell count
Hematocrit
RDW>16.55 %
Platelet count
MPV>11.25 fL

Cardiac enzymes
Troponin T
CKMB
CK

Rehospitalization

MI

Cardiogenic shock

Stroke

GI bleeding

Transfusion

CABG

Stent placement

HR 95% CI P
0.986 0.955-1.018 0.374
1.112 0.542-2.282 0.772
1.157 0.564-2.374 0.690
0.943 0.460-1.934 0.872
0.878 0.428-1.800 0.722
0.998 0.976-1.021 0.861
0.995 0.975-1.016 0.642
1.003 0.991-1.014 0.665
0.958 0.929-0.988 0.006
1.085 1.025-1.148 0.005
2.147 1.091-4.226 0.027
2.387 0.988-5.764 0.053
1.123 0.548-2.305 0.751
0.975 0.898-1.058 0.539
1.010 0.978-1.044 0.537
0.885 0.385-2.034 0.774
1.325 1.079-1.627 0.007
3.249 1.583-6.666 0.001
1.270 0.889-1.816 0.189
0.914 0.559-1.494 0.719
0.835 0.483-1.443 0.518
1.057 0.994-1.124 0.078
3.675 1.791-7.541 <0.001
0.993 0.989-0.998 0.005
2.832 1.401-5.723 0.004
1.080 0.527-2.217 0.833
1.001 0.992-1.010 0.885
1.001 0.999-1.002 0.291
2.784 1.393-5.561 0.004
2.683 1.327-5.424 0.006
3.512 1.589-7.763 0.002
1.617 0.570-4.590 0.367
0.736 0.176-3.070 0.674
1.705 0.706-4.119 0.235
3.354 1.565-7.190 0.002
1.160 0.565-2.379 0.686

SBP, Systolic blood pressure; DBP, Diastolic blood pressure; LVEF, Left ventricular ejection fraction; NYHA, New York Heart Association; NODV, Number of
diseased vessel; PT, Prothrombin time; aPTT, Activated partial thromboplastin time; INR, International normalized ratio; CBC, Complete blood count; RDW, Red
blood cell distribution width; MPV, Mean platelet volume; CKMB, Creatine kinase-MB; MI, Myocardial infarction; GI, Gastrointestinal bleeding; CABG, Coronary
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artery bypass grafting

Table 4. Multivariate Cox regression analysis identifying the independent predictors of mortality

HR 95% CI P
Hemoglobin +1 g/dL 1.281 1.078-1.522 0.005
Neutrophils +1x10%/pL 1.443 0.974-2.137 0.067
LVEF+1 % 0.958 0.921-0.997 0.033
MI 3.120 1.416-6.872 0.005
Killip>1 1.939 0.908-4.144 0.087
CABG 5.661 2.350-13.637 <0.001
RDW>16.55 % 6.285 2.751-14.359 <0.001
MPV>11.25 fL 2.569 1.200-5.498 0.015
WBC>10.55x10%/pL 6.277 2.706-14.564 <0.001

MI, Myocardial infarction; LVEF, Left ventricular ejection fraction; CABG, Coronary artery bypass grafting; RDW, Red blood cell distribution width; MPV, Mean

platelet volume; WBC, White blood cell

The receiver operating characteristics curve analysis was
performed to determine the discriminative ability of the
hematological and coagulation parameters in predicting
mortality. The area under curve of RDW, MPV, and WBC
was 0.708, 0.708, and 0.723, respectively. RDW, MPV, and
WBC were fair discriminants of mortality with cutoff values
of 16.55% (sensitivity=67.6% and specificity=66.2%), 11.25
fL  (sensitivity=64.7% and  specificity=63.0%), and
10.55%10"3/uL  (sensitivity=67.6% and specificity=63.0%),
respectively (Figure 1).

The mortality rate in the follow-up period was significantly
higher in the patients with RDW higher than 16.55% than in
those with RDW equal to or less than 16.55% (24.0% [23/96]
vs. 7.1% [11/154]; P<0.001). Similarly, the survival rates in
the patients with MPV greater than 11.25fL. were worse than
those in the patients with MPV equal to or less than 11.25fL
(21.6% [22/102] vs. 8.1% [12/148]; P=0.001). The patients
with WBC greater than 10.55x1073/ul. were also associated
with a high mortality rate as compared with those with WBC
equal to or less than 10.55x10"3/uL (22.3% [23/103] vs. 7.5%
[11/147]; P=0.001) (Figure 2).

0.8+

=
N
1

2
=
Z
S
o
%]
0.4
~+RDW
PV
A —WBC
02 ——Reference Line
0.0 T T T T
0.0 0.2 0.4 0.6 0.8 1.0
1-Specificity
RDW MPV WBC
Sensitivity 67.6% 64.7% 67.6%
Specificity 66.2% 63.0% 63.0%
AUC” 0.708 0.708 0.723
95%ClI 0.616-0.801 0.611-0.805 0.618-0.827
P <0.001 <0.001 <0.001
Optimum cut-off 16.55 11.25 10.55
Figure 1. Receiver operating characteristics (ROC) curve analysis, predicting
mortality.

RDW, Red blood cell distribution width; MPV, Mean platelet volume; WBC,
White blood cell; AUC, Area under curve
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Figure 2. Kaplan—-Meier survival curve for mortality in the patients with (A)
RDW > 16.55%, (B) MPV > 11.25 fL, and (C) WBC > 10.5 10%/puL.

RDW, Red blood cell distribution width; MPV, Mean platelet volume; WBC,
White blood cell

On univariate Cox regression analysis, the following
variables had p values less than 0.25: MI during the follow-up,
coronary artery bypass grafting during the follow-up,
cardiogenic shock during the follow-up, blood transfusion
during the follow-up, duration of hospitalization,
rehospitalization, left ventricular ejection fraction, RDW
greater than 16.55%, MPV higher than 11.25 fL, WBC above
10.55x10%/uL, Killip class above 1, NYHA functional class
above 1, Hb, neutrophils, hematocrit, and platelet count. These
variables were then entered into the multivariate model (Table
3).

Based on the last step of the backward stepwise multivariate
analysis, having an incident of MI during the follow-up
(hazard ratio [HR]=3.1, 95% confidence interval (CI): 1.4-6.9;
P=0.005), undergoing coronary artery bypass grafting during
the follow-up (HR=5.7, 95% CI: 2.4-13.6; P<0.001), RDW
greater than 16.55% (HR=6.3, 95% CI: 2.8-14.4; P<0.001),
MPV greater than 11.25 fL (HR=2.6, 95% CI: 1.2-5.5;
P=0.015), and WBC higher than 10.55x10"%/uL (HR=6.3,
95% CI: 2.7-14.6; P<0.001) were found to be the independent
predictors of mortality. Moreover, Hb (HR=1.3, 95% CI: 1.1-
1.5; P=0.005) and the left ventricular ejection fraction
(HR=1.0, 95% CI: 0.9-1.0; P=0.033) were also associated with
increased mortality (Table 4).
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Discussion

This is the first study in Pakistan to put forth 3 indices as the
independent predictors of short-term mortality namely RDW,
WBC, and MPV. In the present study, we also found that
parameters like WBCs, neutrophils, lymphocytes, RDW,
MPV, PT, aPTT, and INR were significantly higher in the
patients with ACS than in the control group.

WBCs have been previously reported to be higher among
patients with unstable angina and acute MIL.° Higher baseline
WBC counts have been reported to be associated with a
greater extent of coronary involvement.!® Some evidence
suggests that WBCs may directly contribute to thrombus
formation, impaired perfusion, and reperfusion injury.'!

Our findings revealed a significantly higher level of MPV
and a significantly lower platelet count in the patients with
ACS than in the controls. This inverse relationship between
MPV and platelet count has been reported in the previous
literature.!? Similarly, many studies have reported low platelet
counts in patients with ACS.!* Chu et al.!* reported MPV to be
an early and independent diagnostic marker of ACS in patients
presenting with acute chest pain. Furthermore, in their meta-
analysis, Chu SG et al.'’® reported that raissed MPV was
independently associated with the incidence of acute MI,
mortality following MI, and restenosis following coronary
intervention. Our study is in agreement with the existing
literature. It is thought that increased MPV leads to a
prothrombotic state, which renders patients vulnerable to
intracoronary thrombosis and thus leads to the ischemia of the
myocardium.

Unlike the studies conducted by Yilmaz et al.!® and
Khandekar et al.,'* our study showed a significant difference
in Hb and Hct between the 2 groups. We found that our
patients with ACS had a significantly lower Hb and Hct levels
than our control group. These results are similar to those
reported by a previous study conducted by Yaghoubi et al.!?
Additionally, we observed significant differences in the levels
of coagulation parameters such as PT, aPTT, and INR between
our 2 groups. Differences in these coagulation parameters
have also been demonstrated previously by Yaghoubi et al.!”
Moreover, we found significant differences in RDW levels
between our case and control groups, with RDW being on the
higher side in the patients with ACS.

The pathophysiology behind the increased levels of all these
hematological markers in patients having suffered acute
coronary events is yet to be established. Certain mechanisms
have been proposed regarding a few parameters (e.g., WBC,
MPV, and RDW), but none of them has gained worldwide
acceptance. Further studies are warranted to understand the
underlying mechanism associating the hematological indices
and coagulation profile of the patients to the incidence of ACS
and the development of complications in patients with
established coronary artery disease.

To find out the true outcome prediction potential of
hematological parameters, we conducted a multivariate
analysis (Cox regression analysis), which showed that an
elevated baseline RDW level was an independent risk factor
for short-term mortality in the patients with ACS. Recent

studies have demonstrated a significant association between
raised RDW levels and mortality in patients with heart failure,
stroke, or stable coronary disease as well as in the general
population.'® ' Uyarel et al.?’ reported that an elevated
baseline RDW level in the patients undergoing percutaneous
coronary intervention for STEMI was associated with an
increased risk of in-hospital and long-term mortality. Wang et
al.?! recruited 1654 ACS patients in their study and concluded
that RDW was an independent predictor of re-infarction and
short-term adverse outcomes in these patients. Additionally,
high RDW has been associated with thrombus burden, poor
reperfusion, and severity of the coronary lesion. A meta-
analysis conducted by Su et al.?? supported the hypothesis that
raised levels of RDW were associated with an increased
incidence of future cardiovascular events and mortality in
patients with established coronary artery disease.

RDW is a coefficient of variability in erythrocyte volume
and size. In our study, adjustment for the potential
confounding factors (including Hb as an index for anemia) did
not remove the association between raised RDW levels and
short-term mortality in the patients with ACS. The relationship
between elevated RDW levels and increased risk of mortality
in these patients is incompletely understood. It has been
proposed that inflammation induces changes in erythrocyte
maturation, resulting in the release of immature cells into the
circulation and increased RDW.2* As was demonstrated in
previous studies,?* neurohormonal and adrenergic activation
might influence erythropoiesis, raising RDW levels and
making patients more prone to adverse clinical outcomes such
as re-infarction and cardiovascular death.

MPV, as reported in the previous literature, was found to be
an independent predictor of mortality in our patient population
as well. MPV is a widely available parameter which gives
information about the size and function of platelets. Platelets
play a crucial role in the pathogenesis of atherosclerosis and
thrombus formation after coronary plaque rupture.?® Larger
platelets are considered metabolically and enzymatically more
reactive than smaller ones. Larger and hyperactive platelets,
with the inherent property of accelerated formation and
propagation of intracoronary thrombus, lead to an increased
occurrence of acute thrombotic events.”® Raised MPV has
previously been reported to increase the risk of MI
independently of the known cardiovascular risk factors such as
hypertension, dyslipidemia, increased fibrinogen, and
increased plasma viscosity.?” Martin et al.?® suggested that
increased MPV might be an independent risk factor for the
post-MI recurrence of coronary events and mortality. Other
investigators have demonstrated in small observational studies
that MPV is higher in patients with MI than in those with
stable angina pectoris and in healthy controls, suggesting that
MPV is a risk factor for the severity of coronary artery
disease.?® On the other hand, some studies have suggested that
there is no association between raised MPV and mortality in
patients with coronary artery disease.?” 3 Lopez-Cuenca et
al.3! reported that MPV was of poor independent prognostic
significance at 6 months’ follow-up in the patients with
NSTEMI. Azab et al.3? suggested that the MPV/platelet count
ratio had a higher predictive value than MPV alone in
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predicting adverse events after NSTEMI. Our findings are in
contrast with such studies which negate any association
between MPV and ACS mortality.

The mechanisms for raised MPV are not entirely
understood. This increased platelet volume among patients
with ACS may be explained by several theories. One theory
postulates that more immature and larger platelets are released
into the circulation after the consumption of normal-sized
platelets.’> 3* Another explanation is that in a few patients,
raised platelet volume may be due to the presence of
inherently large platelets. It is well-known that platelet count
and MPV, among other hematological parameters, are
generally inheritable. Three loci and 3 common single-
nucleotide polymorphisms related to MPV accounting for
about 5% variances in the MPV value in a population were
identified by Meisinger et al.>* and Soranzo et al.’® in their
genome-wide association study, which analyzed the relative
risk posed by blood cell loci in the development of
cardiovascular disease, particularly MI. On analyzing 22
genetic loci  reproducibly associated with relevant
hematological factors including red and WBC counts and
platelet volume and count, 1 quantitative trait locus related to
MPV, at 12q24, was found to be a risk locus for coronary
artery disease. Apart from this locus, no evidence was found
to be contributing to the risk of coronary artery disease or MI.
The new locus associated with MPV may play a possible role
in survival and prognosis among patients suffering from ACS.
This possibility warrants further studies and investigation.

Raised WBC levels were found to be another independent
predictor of 30 days’ mortality in our study. A number of
epidemiological studies have supported the prognostic value
of baseline WBCs as a predictor of death both in the short and
long terms following ACS. Nunez et al.>’ concluded that
elevated levels of WBCs were associated with mortality in
either type of MI (STEMI and NSTEMI), independently of the
other known prognostic factors. In contrast to our findings, a
study conducted by Huang et al.*® reported no statistically
significant association between total WBC count and the
short-term, midterm, and long-term occurrence of major
cardiac adverse events and with the severity of coronary
atherosclerosis in patients with ACS. Furthermore, they
reported neutrophils to be of independent predictive value in
patients suffering from ACS with adverse cardiac events,
which also opposes our findings. In our study, we found that
differential counts were of no prognostic significance.

Some of the proposed mechanisms which underlie the
association between raised WBC levels and the development
of complications and death include resistance to thrombolytic
therapy due to alterations in the microcirculation,® a no-
reflow phenomenon caused by leukocytes,*’ hypercoagulable
state,*' indirect cardiotoxicity mediated by pro-inflammatory
cytokines,* ischemia/reperfusion injury,* and expansion of
the infarct size. Leucocytes play a central role in the
inflammatory reparative response initiated to form a scar in
place of a necrotic tissue following acute MI. This may
suggest that the greater the size of the infarct, the higher the
leukocyte response, an affirmation based on experimental
studies which show a linear relationship between the amount

of necrosis and the level of both the local and the systemic
leukocyte response. As greater-sized infarcts are more prone
to develop complications such as heart failure and death, this
reflection of infarct size by WBC counts may have potential
prognostic importance.

It must be noted that our study has certain limitations.
Firstly, the study sample represents a small population with
more or less similar demographics and the subjects were
recruited from only 1 tertiary care hospital in Karachi, which
limits generalizability. This makes it imperative that larger
scale studies, over a large geographical area including more
subjects, be undertaken in order to adequately identify the
diagnostic and prognostic role of these hematological
parameters. Secondly, the hematological and coagulation
parameters were from blood samples drawn only once at the
time of admission and blood sampling time was not
standardized.

Conclusion

Hematological and coagulation parameters have a potential
to be used as diagnostic and prognostic markers. Not only are
these biochemical markers cost-effective and inexpensive, but
also they are easily measured and hence can cater to all global
healthcare facilities. Prompt and early stratification of high-
risk patients will enable physicians to carefully monitor and
manage such patients and schedule them for frequent follow-
ups, playing a part in reducing mortality. This is also useful in
developing countries like Pakistan, where healthcare facilities
are already overburdened and a reduction in the admittance of
low-risk patients will relieve this unnecessary economic
burden. However, the conflicting results of some previous
studies have made the usage of these markers controversial.
More comprehensive studies with larger sample sizes are,
therefore, needed to further validate our findings.

Acknowledgments

The study was approved and supported by the Institutional
Review Board of Dow University of Health Sciences and
Cardiology Department of the Civil Hospital, Karachi,
Pakistan. We are grateful to Mr. Arif Ali (lecturer of
biostatistics, Research Department, Dow University of Health
Sciences, Karachi, Pakistan) for assisting us in analyzing the
data of this research.

References

1. Lippi G, Montagnana M, Salvagno GL, Guidi GC.
Potential value for new diagnostic markers in the early
recognition of acute coronary syndromes. CJEM
2006;8:27-31.

2. WHO. The global burden of disease: 2004 update.
www.who.int/healthinfo/global _burden_disease/2004 repo
rt_update/en/index.html (20 January 2018).

The Journal of Tehran University Heart Center

|123



TEHRAN HEART CENTER cn—

10.

11.

12.

13.

14.

15.

16.

17.

Clark AM, Hartling L, Vandermeer B, McAlister FA.
Meta-analysis: secondary prevention programs for patients
with coronary artery disease. Ann Intern Med
2005;143:659-672.

Thygesen K, Alpert JS, White HD; Joint
ESC/ACCF/AHA/WHF Task Force for the Redefinition of
Myocardial Infarction. Universal definition of myocardial
infarction. J] Am Coll Cardiol 2007;50:2173-2195.

Jaffe AS, Babuin L, Apple FS. Biomarkers in acute cardiac
disease: the present and the future. J Am Coll Cardiol
2006;48:1-11.

Aydmli B, Demir A, Giiclii CY, Boéliikbasi D, Unal EU,
Kogulu R, Selguk G. Hematological predictors and clinical
outcomes in cardiac surgery. J Anesth 2016;30:770-778.
Dehghani MR, Rezaei Y, Taghipour-Sani L. White blood
cell count to mean platelet volume ratio as a novel non-
invasive marker predicting long-term outcomes in patients
with non-ST elevation acute coronary syndrome. Cardiol J
2015;22:437-445.

The area under an ROC curve
http://gim.unmc.edu/dxtests/roc3.htm (25 February 2018).
Avramakis G, Papadimitraki E, Papakonstandinou D,
Liakou K, Zidianakis M, Dermitzakis A, Mikhailidis DP,
Ganotakis ES. Platelets and white blood cell
subpopulations among patients with myocardial infarction
and unstable angina. Platelets 2007;18:16-23.

Sabatine MS, Morrow DA, Cannon CP, Murphy SA,
Demopoulos LA, DiBattiste PM, McCabe CH, Braunwald
E, Gibson CM. Relationship between baseline white blood
cell count and degree of coronary artery disease and
mortality in patients with acute coronary syndromes: a
TACTICS-TIMI 18 (Treat Angina with Aggrastat and
determine Cost of Therapy with an Invasive or
Conservative  Strategy- Thrombolysis in Myocardial
Infarction 18 trial) substudy. J Am Coll Cardiol
2002;40:1761-1768.

Libby P, Simon DI. Inflammation and thrombosis: the clot
thickens. Circulation 2001;103:1718-1720.

Smyth DW, Martin JF, Michalis L, Bucknall CA, Jewitt
DE. Influence of platelet size before coronary angioplasty
on subsequent restenosis. Eur J Clin Invest 1993;23:361-
367.

Khandekar MM, Khurana AS, Deshmukh SD, Kakrani AL,
Katdare AD, Inamdar AK. Platelet volume indices in
patients with coronary artery disease and acute myocardial
infarction: an Indian scenario. J Clin Pathol 2006;59:146-
149.

Chu H, Chen WL, Huang CC, Chang HY, Kuo HY, Gau
CM, Chang YC, Shen YS. Diagnostic performance of mean
platelet volume for patients with acute coronary syndrome
visiting an emergency department with acute chest pain: the
Chinese scenario. Emerg Med J 2011;28:569-574.

Chu SG, Becker RC, Berger PB, Bhatt DL, Eikelboom JW,
Konkle B, Mohler ER, Reilly MP, Berger JS. Mean platelet
volume as a predictor of cardiovascular risk: a systematic
review and meta-analysis. J Thromb Haemost 2010;8:148-
156.

Yilmaz MB, Cihan G, Guray Y, Guray U, Kisacik HL,
Sasmaz H, Korkmaz S. Role of mean platelet volume in
triagging acute coronary syndromes. J Thromb
Thrombolysis 2008;26:49-54.

Yaghoubi A, Golmohamadi Z, Alizadehasl A, Azarfarin R.
Role of platelet parameters and haematological indices in
myocardial infarction and unstable angina. J Pak Med
Assoc 2013;63:1133-1137.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

Felker GM, Allen LA, Pocock SJ, Shaw LK, McMurray JJ,
Pfeffer MA, Swedberg K, Wang D, Yusuf S, Michelson
EL, Granger CB; CHARM Investigators. Red cell
distribution width as a novel prognostic marker in heart
failure: data from the CHARM Program and the Duke
Databank. J] Am Coll Cardiol 2007;50:40-47.

Tonelli M, Sacks F, Arnold M, Moye L, Davis B, Pfeffer
M; for the Cholesterol and Recurrent Events (CARE) Trial
Investigators. Relation between red blood cell distribution
width and cardiovascular event rate in people with coronary
disease. Circulation 2008;117:163-168.

Uyarel H, Ergelen M, Cicek G, Kaya MG, Ayhan E,
Turkkan C, Yildinm E, Kirbas V, Onturk ET, Erer HB,
Yesilcimen K, Gibson CM. Red cell distribution width as a
novel prognostic marker in patients undergoing primary
angioplasty for acute myocardial infarction. Coron Artery
Dis 2011;22:138-144.

Wang YL, Hua Q, Bai CR, Tang Q. Relationship between
red cell distribution width and short-term outcomes in acute
coronary syndrome in a Chinese population. Intern Med
2011;50:2941-2945.

Su C, Liao LZ, Song Y, Xu ZW, Mei WY. The role of red
blood cell distribution width in mortality and
cardiovascular risk among patients with coronary artery
diseases: a systematic review and meta-analysis. J Thorac
Dis 2014;6:1429-1440.

Weiss G, Goodnough LT. Anemia of chronic disease. N
Engl J Med 2005;352:1011-1023.

Kato H, Ishida J, Imagawa S, Saito T, Suzuki N, Matsuoka
T, Sugaya T, Tanimoto K, Yokoo T, Ohneda O, Sugiyama
F, Yagami K, Fujita T, Yamamoto M, Nangaku M,
Fukamizu A. Enhanced erythropoiesis mediated by
activation of the renin-angiotensin system via angiotensin
II type 1a receptor. FASEB J 2005;19:2023-2025.

Davi G, Neri M, Falco A, Festi D, Taraborelli T, Ciabattoni
G, Basili S, Cuccurullo F, Patrono C. Helicobacter pylori
infection causes persistent platelet activation in vivo
through enhanced lipid peroxidation. Arterioscler Thromb
Vasc Biol 2005;25:246-251.

Martin JF, Bath PM, Burr ML. Influence of platelet size on
outcome after myocardial infarction. Lancet
1991;338:1409-1411.

Pal R, Bagarhatta R, Gulati S, Rathore M, Sharma N. Mean
platelet volume in patients with acute coronary syndromes:
a supportive diagnostic predictor. J Clin Diagn Res
2014;8:MC01- MCO04.

Kiligli-Camur N, Demirtung R, Konuralp C, Eskiser A,
Bagaran Y. Could mean platelet volume be a predictive
marker for acute myocardial infarction? Med Sci Monit
2005;11:CR387- CR392.

Klovaite J, Benn M, Yazdanyar S, Nordestgaard BG. High
platelet volume and increased risk of myocardial infarction:
39,531 participants from the general population. J Thromb
Haemost 2011;9:49-56.

Butkiewicz AM, Kemona H, Dymicka-Piekarska V,
Bychowski J. Beta-thromboglobulin and platelets in
unstable angina. Kardiol Pol 2003;58:449-455.
Loépez-Cuenca AA, Tello-Montoliu A, Roldan V, Pérez-
Berbel P, Valdés M, Marin F. Prognostic value of mean
platelet volume in patients with non-ST-elevation acute
coronary syndrome. Angiology 2012;63:241-244.

Azab B, Torbey E, Singh J, Akerman M, Khoueiry G,
McGinn JT, Widmann WD, Lafferty J. Mean platelet
volume/platelet count ratio as a predictor of long-term
mortality after non-ST-elevation myocardial infarction.

The Journal of Tehran University Heart Center

| 124



TEHRAN HEART CENTER cn—

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Platelets 2011;22:557-566.

Ault KA, Rinder HM, Mitchell J, Carmody MB, Vary CP,
Hillman RS. The significance of platelets with increased
RNA content (reticulated platelets). A measure of the rate
of thrombopoiesis. Am J Clin Pathol 1992;98:637-646.
Sewell R, Ibbotson RM, Phillips R, Carson P. High mean
platelet volume after myocardial infarction: is it due to
consumption of small platelets? Br Med J (Clin Res Ed)
1984;289:1576-1578.

Meisinger C, Prokisch H, Gieger C, Soranzo N, Mehta D,
Rosskopf D, Lichtner P, Klopp N, Stephens J, Watkins NA,
Deloukas P, Greinacher A, Koenig W, Nauck M,
Rimmbach C, Volzke H, Peters A, Illig T, Ouwehand WH,
Meitinger T, Wichmann HE, Déring A. A genome-wide
association study identifies three loci associated with mean
platelet volume. Am J Hum Genet 2009;84:66-71.

Soranzo N, Spector TD, Mangino M, Kiihnel B, Rendon A,
Teumer A, Willenborg C, Wright B, Chen L, Li M, Salo P,
Voight BF, Burns P, Laskowski RA, Xue Y, Menzel S,
Altshuler D, Bradley JR, Bumpstead S, Burnett MS,
Devaney J, Doring A, Elosua R, Epstein SE, Erber W,
Falchi M, Garner SF, Ghori MJ, Goodall AH, Gwilliam R,
Hakonarson HH, Hall AS, Hammond N, Hengstenberg C,
Illig T, Konig IR, Knouff CW, McPherson R, Melander O,
Mooser V, Nauck M, Nieminen MS, O'Donnell CJ,
Peltonen L, Potter SC, Prokisch H, Rader DJ, Rice CM,
Roberts R, Salomaa V, Sambrook J, Schreiber S, Schunkert
H, Schwartz SM, Serbanovic-Canic J, Sinisalo J, Siscovick
DS, Stark K, Surakka I, Stephens J, Thompson JR, Volker
U, Volzke H, Watkins NA, Wells GA, Wichmann HE, Van
Heel DA, Tyler-Smith C, Thein SL, Kathiresan S, Perola
M, Reilly MP, Stewart AF, Erdmann J, Samani NJ,
Meisinger C, Greinacher A, Deloukas P, Ouwehand WH,
Gieger C. A genome-wide meta-analysis identifies 22 loci
associated with eight hematological parameters in the
HaemGen consortium. Nat Genet 2009;41:1182-1190.
Nuiez J, Facila L, Llacer A, Sanchis J, Bodi V, Bertomeu
V, Sanjuan R, Blasco ML, Consuegra L, Bosch MJ, Chorro
FJ. Prognostic value of white blood cell count in acute
myocardial infarction: long-term mortality. Rev Esp
Cardiol 2005;58:631-639.

Huang G, Zhong XN, Zhong B, Chen YQ, Liu ZZ, Su L,
Ling ZY, Cao H, Yin YH. Significance of white blood cell
count and its subtypes in patients with acute coronary
syndrome. Eur J Clin Invest 2009;39:348-358.

Wong CK, French JK, Gao W, White HD. Relationship
between initial white blood cell counts, stage of acute
myocardial infarction evolution at presentation, and
incidence of Thrombolysis In Myocardial Infarction-3 flow
after streptokinase. Am Heart J 2003;145:95-102.

Engler RL, Dahlgren MD, Morris DD, Peterson MA,
Schmid-Schonbein GW. Role of leukocytes in response to
acute myocardial ischemia and reflow in dogs. Am J
Physiol 1986;251:H314-323.

Neumann FJ, Zohlnhéfer D, Fakhoury L, Ott I, Gawaz M,
Schomig A. Effect of glycoprotein IIb/Illa receptor
blockade on platelet-leukocyte interaction and surface
expression of the leukocyte integrin Mac-1 in acute
myocardial infarction. J] Am Coll Cardiol 19991;34:1420-
1426.

Irwin MW, Mak S, Mann DL, Qu R, Penninger JM, Yan A,
Dawood F, Wen WH, Shou Z, Liu P. Tissue expression and
immunolocalization of tumor necrosis factor-alpha in
postinfarction dysfunctional myocardium. Circulation
1999;99:1492-1498.

43, Cotter G, Kaluski E, Milo O, Blatt A, Salah A, Hendler A,

Krakover R, Golick A, Vered Z. LINCS: L-NAME (a NO
synthase inhibitor) in the treatment of refractory
cardiogenic shock: a prospective randomized study. Eur
Heart J 2003;24:1287-1295.

The Journal of Tehran University Heart Center

| 126



