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Abstract

Background. Complete blood count (CBC) is a simple and affordable diagnostic tool
that is routinely used in therapeutic practice. At the same time, its diagnostic and prognostic
potentials in terms of management of acute myocardial infarction (AMI) are currently limited.
Based on a number of previous studies, we suggest that the analysis of platelet count and
indices among AMI patients may have significant diagnostic and prognostic value, as well as
dynamic changes in these parameters during the treatment course.

Objectives. To evaluate the value of platelet indices and ratios in terms of their
diagnostic and prognostic potential among patients with AMI at the time of hospitalization
and on the 7th day of treatment.

Materials and methods. The study involved 152 patients diagnosed with AMI
(Group 1), 30 patients diagnosed with the chronic coronary syndrome (Group 2) and 24
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healthy volunteers (Group 3). CBC was performed for all participants to determine all platelet
indices. Also, anamnestic and clinical data were evaluated, as well as results of the coronary
angiography. GRACE score was calculated.

Results. The highest diagnostic value was shown by the WBC/MPV ratio (AUC
0,798; sensitivity 83,1 %; specificity 65,1 %) and PLT/L ratio (AUC 0,644; sensitivity 62,7
%; specificity 53,5 %), as opposed to traditionally used MPV (AUC 0,426; sensitivity 47,5 %);
specificity 48,8 %) and PLT (AUC 0,484; sensitivity 60,8 %; specificity 58,1 %). We were
unable to establish a relationship between CBC platelet counts at the time of hospitalization
and the risk of complications according to the GRACE score. However, those changes
according to CBC were obtained on the 7th day of treatment. In particular, the number of
platelets was associated with the risk of hospital (r = 0,287; p = 0,016) and 6-month mortality
(r = 0,260; p = 0,30), the duration of ischemia (r = 0,238; p = 0,016) and the number of
affected vessels according to the results of angiography (r = 0,395; p = 0,002). Similarly, P-
LCC correlated with the risk of hospital (r = 0,483; p = <0,001) and 6-month mortality (r =
0,462; p = <0,001), the number of affected coronary vessels (r = 0,456; p = 0,001) and the
duration of angina pectoris (0,392; p = 0,001), respectively.

Conclusion. We found that combined ratios such as WBC/MPV and PLT/L had a
higher diagnostic value compared to MPV, PLT and P-LCR. The prognostic potential of
platelet indices was significantly higher on the 7th day of hospital stay. In particular, elevated
levels of platelets, platelets, and P-LCR were correlated with a higher risk of hospital and 6-
month mortality.
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platelet; thrombocytes

Background

Coronary heart disease and its complications remain one of the most common causes
of death among adults worldwide [1]. The pathogenetic basis for the development of coronary
heart disease is the development of atherosclerotic lesions in the coronary arteries.
Destabilization of the atherosclerotic plaque causes the activation of the blood coagulation
system with the subsequent formation of a thrombus that blocks the lumen of the infarct-
related artery (IRA) leading to the development of acute myocardial infarction (AMI) [2].
Platelet activation plays a key role in this pathological process. To date, a number of studies
indicate the diagnostic and prognostic value of platelet indices of the complete blood count

(CBC), in the management of patients with AMI [3, 4]. Most of these works focus on the
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assessment of CBC indicators only at the time of hospitalization. We suggest that dynamic
changes in platelet parameters during the course of treatment for patients with AMI may be
valuable, in particular, to assess the prognosis of the further development of the disease, and
therefore require further study.

Aim of the study

To evaluate the diagnostic and prognostic potential of CBC platelet parameters,
including platelet counts (PLT), their volume indices (MPV, P-LCC, P-LCR) and ratios
(WBC/MPV, PLTI/L) in patients with AMI at the time of hospitalization and on the 7th day of
the hospital stay.

Materials and methods

The study involved 152 patients with a diagnosis of AMI who were hospitalized —
Group 1. In addition, two other study groups were formed: a comparison group, which
included patients with the chronic coronary syndrome (n = 30) — Group 2, and also a control
group of healthy volunteers without any manifestations of coronary heart disease (n = 24) —
Group 3. The diagnosis of AMI was verified in accordance with the requirements of clinical
guidelines [5, 6]. Exclusion criteria were: acute infectious, cancer, chronic diseases in the
acute phase.

Anamnestic data were evaluated, in particular the presence of comorbid pathology,
duration of pain syndrome, time from the moment of the development of symptoms to
percutaneous coronary intervention (PCI), clinical symptoms of AMI. Such CBC parameters
as PLT, PCT, MPV, P-LCC, P-LCR, WBC, LYM were obtained using an automated
hematology analyzer. Blood sampling was performed during the first hour after
hospitalization and on the 7th day after the development of AMI.

In addition, the GRACE and Gensini scores were calculated with subsequent
assessment of the risk of hospital and 6-month mortality and the severity of coronary artery
disease was assessed according to the results of angiography [7].

Statistical data processing was performed using the application package SPSS v25.0.
Data are presented in the format "mean + standard error of the mean". For normal data
distribution Student's t-test was used, in other cases, a non-parametric Mann-Whitney test was
chosen. To compare three or more independent samples we used a one-factor analysis of
variances (ANOVA) and the Kruskal-Wallis ranking criterion. ROC analysis was used to
identify the diagnostic value of CBC parameters. Pearson's correlation analysis was used to
assess the relationships between the studied indicators, with a normal distribution of data, and

Spearman’s correlation in all other cases. The null hypothesis was denied at P < 0,05.
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Results

The mean age of patients with AMI included in the study was (62.91 + 10.90) years.
Men n=116 (76,3 %) were predominated. Most patients had comorbid pathology such as
diabetes mellitus — n =29 and arterial hypertension — n = 134 (88,16 %).

Table 1 - Comparison of CBC parameters between patients with AMI, CCS and
healthy volunteers

Group 1 Group 2 Group 3 p-value p-value
(n=152) (n=30) (n=24) (ANOVA) | between
2 groups
Age, years 63,11+0,89 56,13+1,66 45,75+3,30 <0,001 0,01%5¢
Men, n (%) 116 (76,3) 24 (77,4) 17 (70,8) NS NS
PLT, 10%I 230,97+0,08 | 224,53+12,76 | 251,13+11,81 NS NS
MPV, fl 9,20+0,16 9,00+0,19 8,17+0,21 <0,001 <0,001%¢
MPV/PLT 0,43+0,02 0,44+0,03 0,34+0,02 0,014 0,001°
ratio 0,003°
PLT/MPV 25,80+1,14 25,13+1,49 30,89+1,55 0,026 0,016°
ratio 0,01°
PIt/L ratio 161,59+11,86 | 113,99+9,07 | 114,36+7,83 0,004 0,02?‘IO
0,001
PDW 39,80+0,52 39,79+0,48 40,12+0,35 NS NS
P-LCC 79,39+3,10 39,50+4,67 81,3545,52 NS NS
P-LCR 35,09+1,04 31,15+1,50 30,54+1,60 0,024 <0,05*°
WBC/MPV 1,03+0,05 0,76x0,03 0,78+0,04 <0,001 <0,001*
ratio 0,002°
MPV/L ratio 7,00+0,66 4,6310,36 5,13+0,31 0,001 0,002?
<0,001°
ESR, mm/year 11,20+0,75 8,26+0,81 7,71+0,92 0,048 <0,05*°
a — comparing groups 1 and 2, b — comparing groups 1 and 3, ¢ — comparing groups 2 and
3
NS — not significant
PLT — platelet count, MPV — mean platelet volume, MPV/PLT ratio — mean platelet
volume to platelet count ratio, PLT/L ratio — platelet to lymphocyte ratio, PDW — platelet
distribution width, P-LCC — nplatelet large cell count, P-LCR — platelet large cell ratio,
WBC/MPV ratio — white blood cells to mean platelet volume ratio, MPV/L ratio — mean
platelet volume to lymphocyte ratio, ESR — erythrocyte sedimentation rate.

When comparing CBC parameters between the three groups (Table 1), it was found
that the mean platelet volume (MPV) did not differ between patients with AMI and CCS, but
was significantly lower in the control group. A similar situation was observed with MPV/PLT
ratio. If the MPV shows the average size of all platelets, then P-LCR indicates a proportional
platelet count greater than 12 fL, and this parameter was higher in group 1 compared to other

groups.

70



PIt/L, WBC/MPV, MPV/L ratios, as indicators that simultaneously reflect the
processes of inflammation and platelet activation, were significantly higher among patients
with AMI, compared with CCS and the comparison group.

Based on the obtained data, it was decided to evaluate the diagnostic value, as well as
the sensitivity and specificity of platelet indices CBC in patients with AMI, which are

presented in Table 2.

Table 2 - Diagnostic sensitivity and specificity of CBC parameters in AMI patients

AUC Sensitivity, % Specificity, % Cut-off point

PLT 0,484 60,8 58,1 225,50
MPV 0,426 47,5 48,8 9,25
MPV/PLT ratio 0,465 66,1 41,9 0,39
P-LCC 0,557 59,3 55,8 73,50
P-LCR 0,603 62,7 51,2 32,33
PIt/L ratio 0,644 62,7 53,5 117,15
WBC/MPV ratio 0,798 83,1 65,1 0,79
MPV/L ratio 0,652 67,8 55,8 4,44
AUC — area under the curve.

As can be seen in Figure 1, the best diagnostic value had WBC/MPV ratio, while other

platelet parameters had a fairly low diagnostic potential.
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Figure 1. Receiver operating characteristics analysis of platelet parameters in AMI

patients
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According to the correlation analysis, a positive correlation was found between the
time from the development of symptoms to the PCI and PLT/L (r = 0,380; p = 0,06), MPV/L
ratios (r = 0,351; p = 0,011), as well as with P-LCR (r = 0,313; p = 0,024). The same
relationships were found between the duration of the pain syndrome (ie the duration of
ischemia), and the PLT/L ratio (r = 0,260; p = 0,045).

Significant relationships between CBC parameters and prognostic markers of AMI,
including GRACE score, were not established at this stage.

The changes of the general blood analysis in patients with AMI were further analyzed.

Table 3 - Comparison of CBC parameters in AMI patients at the time of
hospitalization and on the 7th day after Ml

Day 1 Day 7 p value
PLT, 10'%/n 240,21+11,09 272,18+18,61 NS
PCT 0,21+0,01 0,24+0,02 NS
MPV, fl 9,00+0,19 8,92+0,20 NS
MPV/PLT ratio 0,40+0,02 0,36+0,02 0,045
PIt/L ratio 141,45+14,50 145,31+12,05 NS
PDWs 13,28+0,43 13,08+0,40 NS
PDWc 39,90+0,26 39,99+0,24 NS
P-LCC 80,04+4,18 89,68+4,70 NS
P-LCR 34,26+1,61 35,01+1,51 NS

We see a significant decrease in the MPV/PLT ratio (p = 0,045) (Table 3).

When performing a correlation analysis with the parameters of CBC on the 7th day, it
was found that the duration of chest pain was associated with a higher risk of hospital (r =
0,246; p = 0,002) and 6-month (r = 0,231; p = 0,005). ) mortality, and also higher GRACE
score (r = 0,229; p = 0,005). In addition, a positive correlation was found with the severity of
coronary artery disease according to the Gensini score (r = 0,210; p = 0,021) and the level of
CPK MB (r =0,323; p = 0,001).

It was found that PLT was associated with the risk of hospital (r = 0,287; p = 0,016)
and 6-month mortality (r = 0,260; p = 0,30), GRACE score (r = 0,250; p = 0,037), the
duration of the angina pectoris (r = 0,238; p = 0,016) and the number of affected vessels
according to the angiography (r = 0,395; p = 0,002).

At the same time, P-LCC was characterized by stronger correlations with the risk of
hospital (r = 0,483; p = <0.001) and 6-month mortality (r = 0,462; p = <0,001), GRACE score
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(0,435; p = <0,001), the number of affected vessels (r = 0,456; p = 0,001) and the ischemic
time (0,392; p = 0,001).

Discussion

Platelet activation is the main pathogenetic link in the development of AMI. CBC test
performed by automated hematology analyzer not only allows to estimate quantitative
indicators of platelet parameters, but also certain volume indicators of thrombocytes. To date,
a number of studies confirm the fact that the functional activity of a platelet directly correlates
with its size [8, 9]. The larger the platelet is the more granules it contains. That leads to the
higher expression of adhesion molecules, and, accordingly, to the higher the prothrombotic
potential [10, 11]. Thus, the parameters that reflect platelet size are affordable and informative
markers of the development and course of AMI.

Our study identified differences in platelet volume parameters, including MPV and P-
LCR, between patients with AMI and healthy volunteers. At the same time, we didn’t manage
to detect differences in MPV levels between patients with AMI and CCS. This can be
explained by the fact that MPV level is usually elevated compared to the healthy population,
and at the same time, the pronounced inflammatory process that accompanies AMI can reduce
the level of MPV [4, 12, 13]. There are data showing MPV decrease 3 hours after
hospitalization, and a further increase of its level on the 3" and 7™ day [14].

The potential of MPV for the diagnosis of AMI in patients with angina pectoris still
remains the subject of research. The results of our work resonate with a number of other
works and demonstrate that the indicators of specificity and sensitivity of MPV are
insufficient to use as a stand-alone diagnostic tool [15] [17]. At the same time, the use of
MPV in combination with existing markers can significantly improve their diagnostic
capabilities. In particular, X.Wang shows that MPV and troponin I used together had better
sensitivity and specificity [18]. We were able to find that combined indicators, such as
WBC/MPV and PLT/L ratios have a significantly higher diagnostic value than single platelet
parameters.

Another important aspect is the prognostic value of platelet parameters. A number of
studies illustrate the association between elevated MPV levels and a higher risk of mortality,
as well as restenosis after PCI [19]. Similar patterns were also observed with platelet count
[20]. At the same time, the decrease of those parameters is associated with the potential
negative consequences of AMI. If an increase in MPV levels reflects platelet activation, then
a decrease is associated with a high-grade inflammation [21]. In the case of platelets, this

relationship is inverse: a high number of platelets indicates a more active inflammatory
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process, and low — indicates the activation of platelets. That is why nowadays some scientists
state that assessing ratios MPV/PLT ratio can provide us more valuable information [12, 22].
The dynamics of MPV/PLT on the 7" day of the disease are shown in our study, while the
difference between individual levels of platelets and MPV was not statistically significant.

We didn’t manage to establish reliable correlations between the CBC parameters and
at the time of hospitalization, as well as angiographic and prognostic characteristics of AMI.
The fact that platelet count and size correlated with the prognosis of AMI only on the 7*" day,
may be related to the treatment effectiveness. Antiplatelet therapy is one of the key elements
in the management of AMI patients [5, 6]. However, the effectiveness of such treatment
depends on a number of factors and can vary significantly. Thus, we suggest that indicators
such as total platelet count (PLT) as well as large platelet concentration (P-LCC) may be
secondary indicators of platelet functional activity and indicate insufficient effectiveness of
antiplatelet therapy, which could potentially be associated with the worst prognosis of AMI
[16].

Conclusion

Platelet parameters and their ratios, such as P-LCR, MPV, WBC/MPV are affordable
and informative markers that provide additional information about inflammation and
thrombosis during the acute phase of myocardial infarction.

We were unable to establish a link between complete blood count parameters at the
time of hospitalization and prognostic factors for AMI. Instead, parameters obtained on day
7th of treatment, such as P-LCC and PLT were associated with the higher risk of hospital and
6-month mortality. Thus, we emphasize the importance of assessing the complete blood count
test within AMI patients, as an inexpensive and informative method of stratification of the

risks of AMI, not only at the time of admission but also in the dynamics.
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