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Abstract

Introduction: Mean platelet volume (MPV) is claimed to be a useful marker to predict long-term risk for major adverse cardiac
effects (MACE) in patients undergoing percutaneous coronary interventions (PCl).

Aim: To explore the possible dependence on MPV and postoperative PCl risk in patients with complex coronary artery disease
undergoing coronary artery bypass grafting in off-pump technique (OPCAB).

Material and methods: We retrospectively analyzed 236 consecutive patients (180 (76%) males and 56 (24%) women) referred
for surgery due to complex coronary artery disease between 2015 and 2016 in our department. The mean 5.1 +0.8 year follow-up
included profound analysis of MACE events including acute coronary syndromes and percutaneous interventions.

Results: The 5 +1 year follow-up was completed by 213 (90%) patients with 2 (1%) deaths within the first year after surgery. In
logistic univariate and multivariate model regression analysis two parameters were found significant, i.e. preoperative white
blood cells and postoperative MVP, for PCl risk in long-term follow-up. The odds ratio values for postoperative MPV were 1.78
(95% Cl, p = 0.0036) and 1.76 (95% Cl, p = 0.005) in univariate and multivariate models with cutoff point > 8.7, sensitivity 45.65%,
specificity 78.72%.

Conclusions: MPV can be regarded as a simple marker of PCl risk following OPCAB procedures. The preoperative MPV indicates

the individual tendency for worse prognosis more than procedure dependence.
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Introduction

Platelets are one of the main goals in coronary artery
disease treatment. The simple parameters are helpful in
evaluation of platelet function and activity. Platelet size
presented as mean platelet volume (MPV) and mean plate-
let volume to platelet count (PLT) ratio (MPV/PLT ratio) have
been reported as useful markers of long-term risk predic-
tion for major adverse cardiac effects (MACE), including
myocardial infarction and stroke, in patients undergoing
percutaneous coronary interventions (PCI) [1]. Previous re-
ports in a multivariable analysis presented an association
between MPV/PLT and mortality following PCl in non-ST
elevated myocardial infarction (NSTEMI) patients [2].

Aim
The aim of the study was to analyze the correlation
between pre-operative and post-operative MPV and post-

operative PCl risk in patients with complex coronary artery
disease undergoing coronary artery bypass grafting in off-
pump technique (OPCAB).

Material and methods

We retrospectively analyzed 236 consecutive patients
(180 (76%) males and 56 (24%) women) referred for car-
diac surgery to our department due to complex/diffuse
coronary artery disease in the period 2015-2016. Patients
were qualified for surgery based on coronary angiography
results, with 79 (33%) of them presenting left main (LM)
disease. The concomitant diseases included arterial hyper-
tension in 170 (72%), diabetes mellitus in 79 (33%) and hy-
percholesterolemia in 128 (54%). Demographic and clinical
data are outlined in Table I.

The follow-up (mean: 5.1 +0.8 years) included precise
analysis of requirement for percutaneous interventions.
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Table I. Demographic and clinical data

Parameter Group 1 Group2 P-value
PCI free group (n = 189) PCl group (n = 47)
Gender 146 (77%)/43 (23%) 37 (79%)/10 (21%) 0.9828
Age 64 +8 65 +9 0.4554
Concomitant diseases:
Arterial hypertension 135 (71%) 36 (77%) 0.4113
COPD 18 (10%) 6 (13%) 0.5499
DM 54 (29%) 9 (19%) 0.1670
Stroke 11 (6%) 4 (10%) 0.3295
Hypercholesterolemia 101 (53%) 29 (62%) 0.2672
PAD 24 (13%) 10 21%) 0.1645
Surgical indication:
LM disease 50 (27%) 14 (30%) 0.6805
3-vessel disease 110 (58%) 23 (49%) 0.2657
2-vessel disease 29 (15%) 10 (21%) 0.3177
Echocardiographic results:
LV diameter [mm] 49 +7 50 +7 0.3817
LVEF 53 19 51+10 0.1839
Surgery:
Overall time [min] 145 +42 139 +39 0.3762
Mean anastomosis 2.4 +0.6 23 +0.7 0.3241
Hospitalization time [days] 8.8 +3 12 +8 0.0096
(Excluding in hospital mortality) (10 +4) 0.0589

COPD - chronic obstructive pulmonary disease, DM — diabetes mellitus, LV — left ventricle, LVEF — left ventricle ejection fraction, PAD — peripheral artery disease.

Patients were divided into two groups regarding the need
for reinterventions in previously revascularized arteries by
PCl intervention. Demographic and clinical data are outlined
in Table I.

On the day of admission, blood samples for complete
blood count and biochemical tests were collected. The
blood samples were also collected 24 hours following sur-
gery and on discharge.

All patients signed written informed consent for routine
surgery for coronary artery disease (CAD). Blood samples’
analysis and blood flow measurements were performed
with standard of care. The study received positive agree-
ment of the Local Ethics Committee.

All the procedures were performed via complete median
sternotomy without cardiopulmonary bypass as OPCAB
technique. A deep pericardial stitch was routinely used to
elevate the beating heart and tissue stabilizer (Octopus Il
Medtronic, USA) to immobilize segment of the recipient
coronary artery. After coronary artery longitudinal incision,
intraluminal shunts (Medtronic, USA) were applied, and the
anastomoses were performed with a continuous monofila-
ment 7-0 suture. The standard anastomosis of the left mam-
mary artery to the left descending artery was performed in
222 (93%) patients and to the diagonal branch in 2 more
(1%) and the right mammary artery to the left descending
artery was applied in 14 more (6%). The left descending
artery was anastomosed to the circumflex artery in 14 (6%)
patients. The radial artery was anastomosed to the right
coronary artery in 10 (4%). The venous grafts were anasto-
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mosed to the circumflex artery in 187 (79%) patients and to
the right coronary artery in 92 (39%) more.

Following the surgery, all patients were transferred to
the postoperative intensive care unit (ICU). Electrocardi-
ography (ECG) and invasive monitoring of vital functions,
including arterial blood pressure (ABP), were carried out
immediately upon their admission. Upon discharge, all pa-
tients were referred to the outpatient clinic follow-up.

Data collection

The data were collected from initial hospitalization fol-
lowed by regular follow-ups in the outpatient clinic and tele-
phone questionnaire. The exclusion criteria included patients
with acute coronary syndromes referred for surgery or pre-
senting with bone marrow diseases (hematologic), chronic
inflammatory diseases and history of oncologic disease.

Laboratory results were obtained at three time intervals
including samples collected on admission, on the first post-
operative day and on discharge. Perioperative laboratory
results are presented in Table II.

We scrupulously collected the postoperative mid-term
results including survival rate, clinical status, and risk for
major adverse events.

Statistical analysis

Continuous variables are reported as mean + standard
deviation (SD) when data followed a normal distribution;
otherwise, the data were presented as medians and in-
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terquartile range [Q;-Q,], where Q, is lower and Q; upper
quartile, respectively. The differences between groups were
calculated by means of unpaired Student’s t-test (normally
distributed) or the Mann-Whitney test. Categorical vari-
ables were reported as numbers (n) with percentages (%)
and then compared by the test for proportions. The receiver
operating characteristic (ROC) curve was used to find po-
tential predictors of MACE. The optimal cut-off values were
presented according to the highest sensitivity and specific-
ity denoted by Youden’s index. A logistic regression model
was used to find potential risk factors of MACE. The result
was presented as odds ratios (OR) and corresponding 95%
confidence intervals. All tests were considered significant
at p < 0.05. The analysis was performed using MedCalc
Statistical Software version 19.6 (MedCalc Software Ltd,
Ostend, Belgium; https://www.medcalc.org; 2020).

Results
Clinical outcomes

The study group included 236 consecutive patients who
underwent off-pump coronary artery bypass grafting in our
institution between 2015 and 2016.

During in-hospital stay 1 (0.5%) patient died, and 5 (2%)
required reintervention due to excessive bleeding.

In the early post-operative period 50 (21%) subjects de-
veloped atrial fibrillation, acute kidney injury was noted in
5 (2.1%) cases and one of them (0.5%) required de novo
temporary renal replacement therapy.

The mean in-hospital stay of survivors was 9.1 +4.1 days.
The 5 +1 year follow-up was completed by 213 (90%) pa-
tients with 2 (1%) deaths within the first year after surgery.
During the 5-year observation period, 23 (10%) PCl interven-
tions were documented including 12 (5%) in the course of
acute myocardial infarctions (MI) episodes. The interven-
tions involved previously revascularized coronary arteries.

All laboratory parameters obtained preoperatively, on
the 1°t and 7t postoperative day presented in Table Il in-
cluding white blood cells (WBC), lymphocyte count, hemo-
globin (Hb), platelets (PLT), MPV, MPV/PLT, serum creatinine
and troponin were included in the analysis.

In logistic univariate and multivariate model regression
analysis two parameters were found significant, i.e. preop-
erative WBC and postoperative MVP, for PCl risk in long-
term follow-up. The OR values for preoperative WBC were
0.84 (95% Cl, p = 0.0313) and 0.83 (95% Cl, p = 0.0352)
in univariate and multivariate models with cutoff point
< 8.9, sensitivity 85.11%, specificity 32.80%. The OR values
for postoperative MPV were 1.78 (95% Cl, p = 0.0036) and
1.76 (95% Cl, p = 0.005) in univariate and multivariate mod-

Table Ill. Logistic regression analysis results

Parameters Univariate model

OR (95% CI)

Table Il. Perioperative laboratory results

Parameters P-value

Group 1
PCI free group

Group 2
PCl group

(n =189) (n =47)
Median (Q1-Q3) Median (Q1-Q3)

Preoperative:

WBC 7.9 (6.4-9.4) 7.4 (6-8.6) 0.0344
Lymphocytes 1.97 (1.5-2.3) 1.6 (1.3-2.0) 0.4041
Hb 8.6 (8.1-9.3) 8.6 (8.1-9.3) 0.7052
PLT 233 (196-273) 230 (193-252) 0.2673
MPV 8.7 (8.2-9.3) 8.5(7.8-9.3)  0.0710
MPV/PLT 0.04 (0.03-0.05) 0.04 (0.03-0.05) 0.9826
Serum creatinine 89 (76-102) 89 (79-108) 0.6073
Postoperative 15t day:
WBC 13.3 (11-16.1) 14.3 (11.2-17.6)  0.2691
Lymphocytes 1.06 (0.8-1.3) 0.9 (0.7-1.2) 0.1021
Hb 7.2 (6.8-7.8) 7.5 (7-7.8) 0.2202
PLT 210 (173-248) 195 (164-227) 0.0916
MPV 8.9 (8.4-9.5) 9(85-9.5  0.9075
MPV/PLT 0.04 (0.04-0.05) 0.05 (0.04-0.06) 0.1392
Troponin 1.6 (0.8-3.3) 16 (0.6-4.9)  0.7352
Serum creatinine 97 (82-117) 99 (80-123) 0.6441
Postoperative 7t day:
WBC 8.8 +2.6 8.5 (7-10.2) 0.9971
Lymphocyte 2214 2(1.6-24)  0.0280
Hb 6.9 £0.8 6.9 (6.5-7.3) 0.3100
PLT 280 +99 268 (224-341)  0.2779
MPV 8.3+0.8 8.3 (7.8-8.7) 0.0048
MPV/PLT 0.08 +0.2 0.03 (0.02-0.04) 0.1424
Serum creatinine 90 +29 86 (73-99.6) 0.6532

Hb — hemoglobin, MPV — mean platelet volume, MPV/PLT — mean platelet
volume/ mean platelet volume, PLT — platelets, WBC — white blood count.

els with cutoff point > 8.7, sensitivity 45.65%, specificity
78.72% (Table IlI, Figures 1, 2).

Discussion

Our study results present, for the first time to the best
of our knowledge, the relationship between risk of post-
operative mid-term MACE and MPV and MPV/PLT obtained
on the 7t postoperative day in OPCAB patients as possible
predictive factors. The MPV and MPV/PLT on the 7t post-
operative day showed a positive correlation with 5-year risk
for percutaneous coronary intervention in our study.

Multivariate model P-value

OR (95% CI)

P-value

Preoperative WBC 0.84 (0.71-0.98) 0.0313 0.83 (0.70-0.98) 0.0352
Postoperative 7th day — MPV 1.78 (1.21-2.63) 0.0036 1.76 (1.18-2.62) 0.0050
MPV — mean platelet volume, WBC — white blood count.
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Figure 1. Receiver operating characteristics curves for postopera-

tive MPV (7t day). Cut-off point > 8.7 with sensitivity = 45.65%
and specificity = 78.72%

Platelets play a significant role not only in chronic coro-
nary processes including development of atherosclerotic
lesions but also in the acute phase as plaque destabiliza-
tion and atherothrombosis [3]. Various platelet indices are
used to measure metabolic, structural, and morphological
parameters including its size. In our study we focused on
MPV and its ratio to PLT count (MVP/PLT) as indicators of
young platelets’ increase in circulation. Young platelets are
more active and have a higher propensity for adhesion and
aggregation [4]. MPV and the even more accurate MPV/
PLT may be regarded as platelet reactivity markers that are
associated with worse prognosis in patients with non-ST-
segment elevation myocardial infarction [5].

In previous studies, the association between platelet
functions and risk of adverse events in various types of
coronary artery disease was postulated [6].

We believe there is a need for a simpler marker that can
reflect the platelets’ activity or function as available tests are
expensive and used mostly for research purposes [7]. Young-
er platelets, as we mentioned before, are larger and contain
more alpha granules compounded with higher expression
of adhesion receptors [8]. The platelet life circle includes
10-11 days within 5 days circulation time. It takes up to
5 days to clear the circulating pool from previous platelets
and remove them completely. Therefore, results obtained
from the 7th day include only newly produced platelets.

Moreover, during surgical revascularization the reper-
fusion phenomenon which activates the inflammatory
reaction may increase young platelets’ release from bone
marrow within 24-32 hours following surgery [9]. The link
between inflammation and release of young platelets was
presented by Gasparyan [10].

Tian et al. confirmed again that high MPV was an inde-
pendent predictor of adverse prognosis for patients under-
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Figure 2. Receiver operating characteristics curves for preopera-

tive WBC. Cut-off point <=8.9 with sensitivity = 85.11% and speci-
ficity = 32.80%

going PCl with ST-segment elevated MI [11]. Huczek et al.
proved that MPV is a strong predictor of impaired angio-
graphic reperfusion including 6-month mortality [12]. Shah
et al. in his analysis detected a strong association between
increase in MPV over time following PCl and long-term re-
sults [13]. Our data suggest that postoperative MPV and its
ratio to PLT count (MPV/PLT) can be considered in evalua-
tion of OPCAB patients’ prognosis. The percutaneous inter-
ventions following the surgical procedures involved arteries
surgically treated with venous grafts.

Our results present the correlation between preopera-
tive WBC and need for future PCl in accordance with previ-
ous studies relating WBC with increased risk for cardiovas-
cular disease [14]. In WBC the uncertainty remains which
leukocyte subtypes carry this risk, explaining our conserva-
tive approach to the presented parameter [15].

Gunday et al. pointed out platelet mass index (PMI) as
a valuable inflammatory indicator in comparison between
on-pump and off-pump technique [16]. In the available lit-
erature, there is no publication referring to MPV changes in
OPCAB patients, although MPV changes in on-pump revas-
cularization related to cardiopulmonary bypass institution
has already been postulated [17].

The present results support worse patency of venous
grafts as they were the target arteries for PCl interventions.
There were no interventions in coronary arteries supplied
by arterial grafts. The MPV can be regarded as a possible
marker of venous graft occlusion.

The present study has several limitations. First, it is
retrospective. Second, it is a single-center study limited to
over 200 cases. Third, it is related to stable complex coro-
nary disease. We believe a wider cohort of patients, prefer-
ably including multicenter research, is necessary for further
investigation.
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Conclusions

MPV can be regarded as a simple marker of PCl risk fol-

lowing OPCAB procedures. The preoperative MPV indicates
the individual tendency for worse prognosis more than pro-
cedure dependence.
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