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ABSTRACT
Objectives: We aimed to investigate the relationship between thrombocyte indices, which have previously
been proven to be associated with many cardiovascular diseases and adverse events, and residual SYNTAX
(SYNergy between percutaneous coronary intervention with TAXus and cardiac surgery) score (rSS) in patients
with ST-segment elevation myocardial infarction (STEMI).
Methods: Our study included 534 patients who underwent primary percutaneous coronary intervention (PCI)
for STEMI between January 2018 and June 2021. In our study, only patients who underwent infarct-related
coronary artery revascularization in the index procedure were evaluated. First of all, patients were compared
into two groups low rSS (rSS ≤ 8) and high rSS (rSS > 8). Our definition of platelet indices includes mean
platelet volume (MPV), platelet distribution width (PDW), plateletcrit (Pct), MPV to platelet ratio (MPVPR),
platelet to lymphocyte ratio (PLR), and MPV to lymphocyte ratio (MPVLR). 
Results: The mean age of the study patients was 56.4 ± 10.3 years and 78.8% were male. The high rSS group
had higher C-reactive protein, lower lymphocyte count, and significantly higher platelet indices other than
PLR and MPV. Among the platelet indices, MPVLR was found to have the best correlation with rSS (r: 0.398,
p < 0.001). MPVLR (AUC: 0.820, 95% CI: 0.701-0.899) was determined as the best diagnostic power index
with 5.08 cut-off value in predicting high rSS with 88% sensitivity and 76% specificity (Youden index: 0.64).
Age, right coronary artery involvement as culprit lesion, ejection fraction, diabetes mellitus, and MPVLR (OR:
5.966 [2.489-8.413], p < 0.001) and PDW were identified as independent risk factors for predicting high rSS.
Conclusions: In conclusion, increased MPVLR is associated with high rSS in STEMI patients. There is a
significant positive correlation between MPVLR and rSS. MPVLR is an independent predictor of high rSS.
Keywords: Coronary artery disease severity, incomplete revascularization, mean platelet volume to lymphocyte
ratio, platelet distribution width, residual SYNTAX score
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Worldwide, ischemic heart disease is the most
common cause of death and its incidence is in-

creasing. Ischemic heart disease is the cause of about
20% of all deaths in Europe, although there is great
variation between countries. ST-segment elevation
myocardial infarction (STEMI) is a subgroup of is-

chemic heart disease with a high mortality and mor-
bidity rate, and a clinical and hemodynamic response
can be achieved dramatically with primary percuta-
neous coronary intervention (PCI)-based revascular-
ization [1, 2]. Multi-vessel coronary artery disease
occurs in 40–65% of STEMI patients undergoing pri-

The European Research Journal   Volume 8   Issue 5   September 2022 659

http://orcid.org/0000-0003-2152-0470
http://orcid.org/0000-0002-1656-3778


Eur Res J 2022;8(5):659-669 Platelet indices and residual SYNTAX score

mary PCI and is associated with adverse prognosis [3].
Multi-vessel disease, complex coronary anatomies,
and the approach of artery revascularization responsi-
ble for isolated infarcts can cause incomplete revascu-
larization. 
      The extent of coronary artery disease after infarct-
related coronary artery PCI, or in other words, incom-
plete revascularization, can be evaluated with the
residual SYNTAX (SYNergy between percutaneous
coronary intervention with TAXus and cardiac sur-
gery) score. The ACUITY (Acute Catheterization and
Urgent Intervention Triage strategY) study identified
that a high residual SYNTAX score (rSS > 8) is asso-
ciated with major adverse cardiovascular events
(MACE) and poor prognosis in patients with moder-
ate-to-high risk acute coronary syndrome (ACS) [4].
It has also been proven that rSS is an independent pre-
dictor of MACE and mortality in STEMI patients [5]. 
      Inflammation and thrombosis are two major mech-
anisms that play an important role in different stages
of atherosclerotic plaque formation, progression, rup-
ture, and thrombosis [6]. Platelet activation plays an
important role in the formation and progression of ath-
erosclerosis and thrombus formation on ruptured ath-
erosclerotic plaques [7]. Therefore, it has been
suggested that platelet dysfunction is an important fac-
tor in the pathogenesis of STEMI [8]. Platelet volume
indices; Mean platelet volume (MPV), platelet distri-
bution width (PDW), plateletcrit (Pct), and mean
platelet volume to platelet ratio (MPVPR) are simple
indices that express platelet activity and can be ob-
tained in routine complete blood count tests [9]. The
increase in mean platelet volume (MPV) is also an in-
dicator of an increase in platelet activity and aggrega-
tion tendency [10]. A relationship between MPV and
coronary artery disease has been demonstrated by pre-
vious studies [11]. PDW refers to platelet activity as a
measure of circulating platelet size variation [12]. In-
creased PDW values indicate anisocytosis and are as-
sociated with increased thrombosis propensity and
severity of coronary artery disease in ACS patients
[13]. Pct is a measure of total platelet mass. Increased
Pct values are associated with major adverse cardiac
and cerebrovascular events [14]. Lymphocytes are the
earliest cell type involved in the formation of athero-
sclerotic plaque. A decrease in their number is an in-
dicator of the inflammatory response and contributes
to plaque unstabilization. In the inflammatory phase

of thrombosis, platelets are accompanied by lympho-
cytes [6, 15, 16]. 
      Unlike platelet volume indices, platelet to lympho-
cyte ratio (PLR) and MPV to lymphocyte ratio
(MPVLR), which are indices that can evaluate throm-
bosis and inflammation together, have been shown to
have prognostic importance in ACS patients [17, 18].
There is insufficient evidence to show the relationship
between rSS, which is a measure of incomplete revas-
cularization, and these platelet indices, which can af-
fect the extent of coronary artery disease. In this study,
we aimed to investigate the relationship between rSS
and platelet indices and to determine the index with
the highest diagnostic power for high rSS prediction.

METHODS

Study Population 

In our study, patients who underwent primary PCI for
STEMI between January 2018 and June 2021 were
retrospectively screened. In the index procedure, only
culprit lesion revascularization was our prerequisite,
so those who underwent multivessel revascularization
in the same procedure, those who were given medical
follow-up after their diagnostic angiography, or those
who decided to undergo coronary bypass graft surgery
(CABG) were excluded from the study. Patients with
a previous history of PCI or CABG, those with hema-
tologic/autoimmune/infectious or inflammatory dis-
eases, advanced renal or hepatic disease, a history of
malignancy, or those receiving immunosuppressive
therapy were excluded from the study. As a result, 534
patients were included in our study. Our study was car-
ried out in accordance with the principles of the Dec-
laration of Helsinki, with the decision of the local
ethics committee numbered 2022/126. 
      The diagnosis of STEMI was determined in accor-
dance with the 2017 European Society of Cardiology
(ESC) recommendations, in the presence of character-
istic symptoms and signs of myocardial ischemia, by
detecting ST segment elevation in at least 2 consecu-
tive electrocardiographic leads consistent with coro-
nary anatomical localization [1]. In patients with
multivessel disease who had only culprit lesion revas-
cularization, non-infarct coronary revascularization
was planned to be performed before discharge or
under elective conditions, depending on the patients'
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anginal complaints and hemodynamic status. 

Patient Characteristics 

      Demographic and clinical parameters at admission
were recorded from the hospital database. All blood
samples were collected before patients underwent
coronary angiography. In biochemical analyzes: total
cholesterol, low-density lipoprotein cholesterol (LDL-
C) (calculated with the Friedewald equation), high-
density lipoprotein cholesterol (HDL-C), triglyceride,
creatinine, glucose, alanine aminotransferase (ALT),
aspartate aminotransferase ( AST), C-reactive protein
(CRP) and albumin results were evaluated. Hemato-
logical data included hemoglobin, leukocyte, lympho-
cyte, thrombocyte, PDW, and MPV measurements.
Platelet indices were calculated from these hemogram
data. Definition of platelet indices: MPV, PDW,
plateletcrit (Pct: platelet count × MPV / 10,000), mean
platelet volume to platelet ratio (MPVPR: MPV /
platelet count x 100), platelet to lymphocyte ratio
(PLR: Platelet count / lymphocyte count) and mean
platelet volume to lymphocyte ratio (MPVLR: MPV /
lymphocyte count). Echocardiography measurements
were performed immediately after performing PCI
during hospitalization at the coronary intensive care
unit. 

Coronary Angiographic Evaluation 

      Coronary angiography was performed via femoral
or radial access for each patient within 90 minutes of
admission. Two independent, interventional cardiolo-
gists blinded to patient clinical data individually eval-
uated coronary angiographic images to calculate
coronary artery disease severity [19]. Firstly, the SYN-
TAX score I was calculated using the online SYNTAX
score calculator (http://www.syntaxscore.com, version
2.1). for each patient. The rSS was calculated based
on the remaining coronary artery lesions after per-
forming PCI for the infarct-related coronary artery.
Coronary arteries were evaluated as 16 distinct seg-
ments, and segments with luminal stenosis of 50% or
more and > 1.5 mm in diameter were evaluated.  An
rSS >8 was considered a high rSS [4]. 
      Study patients were primarily evaluated as two
groups according to the calculated rSS levels: Low rSS
(rSS ≤ 8) and high rSS (rSS > 8). According to the
MPVLR index cut-off value, which was determined
to be the best predictor of incomplete revascularization

expressed with high rSS, the study patients were again
formed into two groups and compared in terms of their
angiographic data: Low MPVLR (MPVLR ≤ 5.08)
and high MPVLR (MPVLR > 5.08).

Statistical Analysis 

      Statistical analyses were performed using SPSS
21 for Windows (SPSS Inc., Chicago, IL). The con-
formity of the data to the normal distribution was de-
termined by the Kolmogorov-Smirnov test.
Continuous data are presented as mean ± standard de-
viation (SD) for variables with normal distribution and
as median (25th-75th percentiles) for variables without
normal distribution. The independent sample t-test
was used for comparing quantitative variables with
normal distribution, while the Mann-Whitney U test
was used for comparing the means between groups
without normal distribution. Categorical data are pre-
sented as “number (%)” and were compared using
Pearson’s χ2 test or Fisher’s exact test. Spearman
analysis was used to evaluate the correlation between
rSS and platelet indices. Univariate and multivariate
logistic regression analyses were used to evaluate in-
dependent risk factors for a high rSS. Receiver oper-
ating characteristic (ROC) curve analysis was
conducted to determine the optimal platelet indices
values to indicate high rSS in terms of both sensitivity
and specificity. Intra-observer and inter-observer
agreements for 2 cardiologists were calculated using
Cohen’s kappa coefficient. P value < 0.05 was consid-
ered statistically significant.

RESULTS

Our study included 534 patients who underwent pri-
mary PCI for ST-segment elevation myocardial infarc-
tion. The mean age of the patients was 56.4 ± 10.3
years, and 78.8% (n = 421) were men. Our study pa-
tients were evaluated into two groups 'low rSS' with
rSS ≤ 8 and 'high rSS' with rSS > 8. The mean age of
the patients in the high rSS group was significantly
higher than that of the low rSS group (58.3 ± 10.3
years vs 55.8 ± 10.2 years, p = 0.032). Gender distri-
bution was dominant in terms of the male gender in
both groups, but there was no significant difference
between the groups. There was no significant differ-
ence in terms of BMI, and systolic and diastolic blood
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pressures. Risk factors such as hypertension, diabetes
mellitus (DM), peripheral arterial disease (PAD), hy-
perlipidemia, and smoking did not differ significantly
between the groups. While no difference was found in
total cholesterol and HDL cholesterol, it was found
that LDL cholesterol was significantly higher in the
high rSS group (110.2 ± 35.1 mg/dL vs 104.2 ± 36.7
mg/dL, p = 0.009) and triglyceride level was signifi-
cantly higher in the low rSS group [146.8 (93.1 -
241.2) mg/dL vs 142.6 (97.3 - 249.1) mg/dL, p =
0.021]. While there was no significant difference be-
tween the groups in other biochemical parameters, it
was observed that the CRP level was higher in the high
rSS group [6.9 (2.75 - 12.7) mg/L vs 3.8 (2.45 - 111.8)
mg/L, p = 0.006]. From the hemogram data, hemoglo-
bin and platelet counts did not differ significantly be-
tween the groups, and the leukocyte counts in the high
rSS group [12.9 (10.1-16.6) ×103/mm3 vs 9.8 (8.8 -
11.9) ×103/mm3, p < 0.001] and the lymphocyte count
in the low rSS group [3.72 (2.67 - 5.18) ×109/L vs
1.72 (1.54 - 2.61) ×109/L, p = 0.006] were found to
be significantly higher. There was no significant dif-
ference in the medical treatments of the study patients
before the index procedure. Baseline clinical, demo-
graphic, and laboratory data of our study patients and
rSS groups are presented in Table 1. 

      The distribution of hemogram data and rates,
which we define as platelet indices, between the
groups is as follows: (i) Although numerical superior-
ity in PLR and MPV is observed in the High rSS
group, the difference between the groups is not statis-
tically significant. (ii) MPVLR (p < 0.001), MPVPR
(p < 0.001), Pct (p = 0.003) and PDW (p = 0.005) were
observed to be significantly higher in the high rSS
group. Platelet indices data distribution is presented
numerically in Table 1 and graphically in Fig. 1. 
      MPVLR, MPVPR, Pct, and PDW seem to be
ahead of other platelet indices in our search for the
most appropriate platelet index for the prediction of
the high level of rSS (> 8), due to their different dis-
tributions among the rSS groups and the correlation
relationships detected with rSS. The diagnostic power
of thrombocyte indices in predicting high rSS was
tested by ROC analysis. According to the analysis re-
sults, it was found that the platelet indices MPVLR
[Area under the curve (AUC): 0.820], Pct (AUC:
0.712), and PDW (AUC: 0.754) had a significant di-
agnostic value for the prediction of high rSS (for each
p < 0.001). MPVLR was determined as the index with
the best diagnostic power in predicting high rSS with
a cut-off value of 5.08, sensitivity of 88% and speci-
ficity of 76% (Youden index: 0.64). Platelet indices
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Fig. 1. Platelet indices values of patients with low and high rSS. PLR = Platelet to lymphocyte ratio, MPV = Mean platelet

volume, MPVLR = Mean platelet volume to lymphocyte ratio, MPVPR = Mean platelet volume to platelet ratio, Pct = Platelet-

crit, PDW = Platelet distribution width. 
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Platelet distribution width.
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ROC analysis details are presented in Fig. 2. 
      Study patients were divided into two subgroups
according to the determined MPVLR cut-off value:
'low MPVLR' with MPVLR ≤ 5.08 and 'high MPVLR'
with MPVLR > 5.08. Baseline echocardiographic and
angiographic measurements of study patients were
evaluated comparatively between MPVLR subgroups
(Table 2). The mean ejection fraction (EF) of the study
patients was 53.4 ± 6.9 %, and there was no significant
difference between the 'low' and 'high MPVLR'
groups. It was observed that LAD was involved at a
rate of 47.6% as the culprit coronary artery. LAD in-
volvement was found to be higher in the low MPVLR
subgroup. It was found that RCA involvement was
21.7%, and the high MPVLR subgroup had a signifi-
cantly higher rate of involvement. While single-vessel
involvement was observed more frequently in the low
MPVLR subgroup, three-vessel involvement was ob-
served more frequently in the high MPVLR subgroup
(p < 0.001). The SYNTAX score was found to be 17.1
(11.1 - 24) in the high MPVLR group and 15.5 (10.1

- 22.2) in the low MPVLR group (p = 0.003). When
SYNTAX score ≤ 22 was grouped as low SYNTAX
and SYNTAX score >22 as moderate-high SYNTAX:
It was found that 67.4% of the study patients were in
the low SYNTAX group and patients in the low
MPVLR group were significantly higher in the low
SYNTAX group (p < 0.001). It was determined that
the patients in the high MPVLR group had a higher
rate in the moderate-high SYNTAX group (p < 0.001).
rSS was found to be significantly higher in the high
MPVLR subgroup compared to the low MPVLR
group [6.15 (3.6 - 9.6) vs 4.4 (2.6 - 8.1), p < 0.001].
The residual SYNTAX score and correlation analysis
of clinical variables are presented in Table 3. It was
observed that age and CRP had a significant positive
correlation with rSS. Although they were significantly
different between the residual SS groups, LDL,
triglyceride, leukocyte, and lymphocyte levels were
not found to be significantly correlated with rSS. The
correlation between hemogram data and rates, which
we define as platelet indices, and rSS is as follows: (i)
PLR and MPV did not make a significant difference
between the rSS groups, nor did it show a significant
correlation with rSS. (ii) MPVLR (r: 0.398, p < 0.001),
MPVPR (r: 0.240, p = 0.008), Pct (r: 0.286, p = 0.008)
and PDW (r: 0.292, p < 0.001) had a significant posi-
tive correlation with rSS.
      Logistic regression analysis was performed to
identify independent risk factors in the prediction of
high rSS and to compare these effects of platelet in-
dices (Table 4). From clinical and demographic fac-
tors: Age [OR: 1.298, 95% CI: 1.013 - 1.796, p =
0.002], Culprit vessel: RCA involvement [OR: 2.210,
95% CI: 1.594 - 4.223, p < 0.001], EF [OR: 1.066,
95% CI: 0.903 -1.190, p = 0.015] and DM [OR: 1.640,
95% CI: 1.138 - 3.136, p = 0.009] were defined as in-
dependent risk factors for high rSS. Among the
platelet indices: MPVLR [OR: 5.966, 95% CI: 2.489
- 8.413, p < 0.001] and PDW [OR: 2.540, 95% CI:
1.318 - 3.236, p = 0.009] were detected as independent
risk factors for high rSS.
      Intra-observer and inter-observer agreements for
SYNTAX score (SS) and rSS measurements were cal-
culated [Intra-observer agreement: kappa coefficient
(ϰ) for SS measurement: 0.85 (p = 0.013) (for ZYG)
and 0.87 (p = 0.024) (for AK) and ϰ for rSS measure-
ment: 0.82 (p = 0.005) (for ZYG) and 0.85 (p = 0.011)
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(for AK); Inter-observer agreement (between ZYG
and AK): ϰ for SS measurement: 0.84 (p = 0.021) and
ϰ for rSS measurement: 0.79 (p = 0.017)].

DISCUSSION

In this study, in which we examined the relationship
between platelet indices and rSS, MPVLR and PDW
were defined as independent predictors of high rSS.
We found that MPVLR was the index with the best
correlation with rSS and the best diagnostic power for
rSS prediction. 
      Platelet activation plays an important role in the
formation and progression of atherosclerotic plaques
and thrombus formation when these plaques rupture
[7, 20]. An increase in MPV is one of the indicators of
increased activation and aggregation of platelets [10].

In a well-designed study conducted at the cellular
level, larger platelets were shown to be more metabol-
ically and enzymatically active [21]. Platelets with in-
creased size and metabolic activity can accelerate the
thrombosis and inflammatory response. The formation
of ACS is facilitated and its course is adversely af-
fected due to more active platelets. Previous studies
have shown that MPV is associated with mortality and
MACE in patients with myocardial infarction with and
without ST-segment elevation [8, 22]. Inflammation
and thrombosis mechanisms are involved in the for-
mation and destabilization of atherosclerotic plaque,
its rupture, and finally thrombosis [6, 23]. Platelets are
accompanied by lymphocytes in thrombosis formation
[15]. Lymphocytes are one of the most important cell
types that play a role in the formation of atheroscle-
rotic lesions, and their number decreases as a result of
the increased inflammatory response [16]. Inflamma-
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tory responses cause lymphopenia due to increased
lymphocyte apoptosis as a result of stress-induced cor-
tisol secretion associated with ACS [24, 25]. This re-
duction is one of the indicators of growth,
destabilization, and rupture of atherosclerotic plaques.
The lower the lymphocyte count, the more unstable
the plaque [26]. In other words, the increase in MPV
and the decrease in the number of lymphocytes indi-
cate that a suitable environment is ready for the for-
mation of atherosclerotic lesions. MPV and
lymphocyte count are included in routine hemogram
data. MPVLR, which shows the MPV / lymphocyte
count, is an index that can be easily calculated from
routine hemogram data and can show the thrombosis
and inflammation responses alone [27]. In a study by
Hudzik et al. [28]; MPVLR was found to be an inde-
pendent predictor of mortality, no-reflow, and MACE
in ST-segment elevation myocardial infarction pa-
tients. 
      The prevalence of multivessel coronary artery dis-
ease in STEMI patients undergoing PCI is approxi-
mately 40-65%. As the number of diseased vessels
increases, the risk of cardiac death and MACE also in-
creases [3, 29]. The optimal management of residual
stenoses after infarct-related artery reperfusion in
STEMI patients remains a matter of debate [30]. rSS
indicates residual coronary atherosclerotic load after
PCI. The prognostic value of rSS was investigated for
the first time in the ACUITY study, and high rSS (>
8) was found to be a strong predictor of 1-year mor-
tality, cardiac mortality, unplanned revascularization,
and MACE [4]. Loutfi et al. [31] showed significant
reductions in 1-year MACE in STEMI patients with
lower rSS. Burgess et al. [5] reported the rates of car-
diac death and myocardial infarction (MI) at follow-
up as 5%, 15%, and 26% for MVD and STEMI
patients with rSS of 0, 1-8, and > 8, respectively. Sig-
nificantly higher rates of cardiac mortality and MI
were found in the group with rSS > 8. Braga et al. [32]
found that rSS was positively correlated with all-cause
mortality and MACE in patients who underwent pri-
mary PCI for STEMI and were found to have MVD.
rSS has also been identified as an independent predic-
tor of these outcomes during follow-up. 
      PDW refers to platelet activity as a measure of cir-
culating platelet size variation [12]. Elevated PDW
values indicate anisocytosis, indicating increased
platelet activity, which is associated with an increased

propensity for thrombosis and severity of coronary ar-
tery disease in ACS patients [13]. In our study, PDW
was higher in the high rSS group and was found to be
an independent predictor of high rSS.
      DM is closely associated with cardiovascular dis-
eases, and it has been shown that the risk of coronary
artery disease increases 2 to 4 times in patients with
DM [33]. The addition of DM to existing risk factors
leads to increased severity of coronary artery disease
and the number of diseased vessels is high in these pa-
tients [34]. Our results support this situation and rSS
was found to be higher in patients with DM.
      The first variable that comes to mind when ather-
osclerosis is mentioned is advanced age. As age in-
creases, the presence and prevalence of atherosclerotic
disease increases. In addition, the frequency of dia-
betes, hypertension, and hyperlipidemia increases with
age. The most common cause of death in the elderly
is cardiovascular diseases caused by atherosclerotic
changes. As expected, the mean age was higher in the
high rSS group, as seen in our study [4, 35].
      Ischemic heart disease is one of the most impor-
tant causes of EF decrease, and as the number of dis-
eased vessels increases, EF is expected to decrease
[36]. As previously shown [37], low EF is one of the
independent predictors of high rSS in our study as
well.
      To the best of our knowledge, this is the first study
to examine the relationship between MPVLR and rSS.
In our study, we demonstrated a positive correlation
between MPVLR and the degree and complexity of
residual coronary stenosis in patients with STEMI
after PCI. We found that higher MPVLR levels were
more common in STEMI patients with high rSS and
that increased MPVLR levels independently predicted
high rSS.

Limitations 

      In this retrospective study, the relatively small
sample size and absence of a control group are our
main limitations. In addition, it is difficult to make a
causal inference, since we examined the relationship
between platelet indices and rSS cross-sectionally. The
effect of increased MPVLR on short- and long-term
cardiovascular events has not been evaluated; there-
fore, we cannot comment on the prognostic effects of
our results. This was a retrospective single-center
analysis with no potential to avoid selection bias. Even
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after the adjusted analysis, some confounding factors
may have affected the results.

CONCLUSION

In conclusion, increased MPVLR is associated with
higher rSS in STEMI patients. There is a significant
positive correlation between MPVLR and rSS.
MPVLR is an independent predictor of high rSS. With
our results, we can suggest that MPVLR may be a
valuable and easily applicable biomarker that can pro-
vide additional information in the risk stratification of
patients with STEMI after PCI.
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