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Similar to the leukocyte response, the platelet response in 
antimicrobial host defense contains antimicrobial peptides. 
Activated platelets clump together at the site of infection, 
forming a bridge between the antimicrobial peptides and the 

INTRODUCTION

In addition to hemostasis and thrombosis, platelets play 
critical roles in inflammation and the immune system (1,2). 

ABSTRACT

Objective: Platelets play an important role in cases of inflamma-
tion and infection, along with in the hemostatic process. The aim 
of study is to evaluate prognostic efficiency of platelet count (PC), 
mean platelet volume (MPV) and MPV/PC for mortality prediction 
in patients with ventilator-associated pneumonia (VAP).
Methods: A total of 150 VAP patients were divided into two 
groups as Survivors (n=98) and Non-survivors (n=52) according to 
intensive care unit mortality. The PC and MPV on days 1 and 4 of 
VAP were evaluated.
Results: Thirty (31%) patients in the survivors group and 35 (67%) 
patients in the non-survivor group had thrombocytopenia, respe-
ctively (p<0.05). The non-survivor group had higher MPV and a hi-
gher MPV/PC on the 1st and 4th days, while the survivor group had 
higher PC levels, respectively (p<0.05). Platelet count, MPV and 
MPV/PC had the highest AUC levels at day 4 (0.68, 0.80, 0.73, res-
pectively). The prognostic values of day 4 MPV and MPV/PC mea-
surements were similar (p=0.17). Day 4 PC were found to be nega-
tively correlated with mortality (adjusted hazard ratio (aHR): 0.91, 
p=0.01). Day 4 MPV and MPV/PC values were the independent 
mortality predictors (aHR: 2.59, p<0.01 and aHR: 1.63, p=0.01). 
The survival probability of VAP patients with <9.25 fL of MPV day 
4 was significantly higher than those with ≥9.25 fL (p=0.002, log-
rank test)
Conclusion: In addition to thrombocytopenia, MPV and MPV/PC 
are useful predictors of poor outcomes. Changes in MPV respon-
ses may be a more useful prognostic assessment tool for VAP pa-
tients than PC.
Keywords: Immune response, mean platelet volume, platelets, 
prognosis, ventilator-associated pneumonia

ÖZ

Amaç: Trombositler inflamasyon ve infeksiyon durumlarında he-
mostatik süreçle birlikte önemli rol oynar. Çalışmanın amacı trom-
bosit sayısı (PC), ortalama trombosit hacmi (MPV) ve MPV/PC’nin 
ventilatör ilişkili pnömonili (VAP) hastalarda mortalite tahmini için 
prognostik etkinliğini değerlendirmektir.
Yöntem: Toplam 150 VAP hastası, yoğun bakım ünitesi mortalitesi-
ne göre Survivors (n=98) ve Non-survivors (n=52) olarak iki gruba 
ayrıldı. Trombosit sayısı ve MPV, VAP’nin 1. ve 4. günlerinde de-
ğerlendirildi.
Bulgular: Survivors grubundaki 30 (%31) hastada ve Non-survivors 
grubundaki 35 (%67) hastada trombositopeni vardı (her ikisi için 
p<0,05). Non-survivors grubunda 1. ve 4. günlerde MPV ve MPV/
PC daha yüksek bulunurken, Survivors grubu daha yüksek PC se-
viyelerine sahipti (her ikisi için p<0,05). Trombosit sayısı, MPV ve 
MPV/PC’nin AUC seviyeleri 4. günde en yüksekti (sırasıyla, 0,68, 
0,80, 0,73). 4. gün MPV ve MPV/PC ölçümlerinin prognostik değer-
leri benzerdi (p=0,17). Dördüncü gün PC’nin mortalite ile negatif 
ilişkili olduğu bulundu (düzeltilmiş risk oranı (aHR): 0,91, p=0,01). 
Dördüncü gün MPV ve MPV/PC değerleri mortalitenin bağımsız 
göstergeleriydi (aHR: 2,59, p<0,01 and aHR: 1,63, p=0,01). Dördün-
cü gün MPV’si <9,25 fL olan VAP hastalarının hayatta kalma ola-
sılığı, ≥9,25 fL olanlardan anlamlı olarak daha yüksekti (p=0,002, 
log-rank test).
Sonuç: Trombositopeniye ek olarak MPV ve MPV/PC, olumsuz 
sonuçların yararlı göstergeleridir. Ortalama trombosit hacmi ya-
nıtlarındaki değişiklikler, VAP hastaları için PC’den daha yararlı bir 
prognostik değerlendirme seçeneği olabilir.
Anahtar sözcükler: İmmün yanıt, ortalama platelet hacmi, 
plateletler, prognoz, ventilatör ilişkili pnömoni
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bacteria. Thrombocytopenia may be an early marker of com-
munity-acquired pneumonia (CAP) and sepsis. It is associated 
with an increase in the length of stay and mortality in hospital 
admission and treatment for thrombosis (3,4).

Mean platelet volume (MPV) is used as a marker to indicate 
the rate of platelet production in the bone marrow and its ac-
tivation (5). Mean platelet volume has been considered an in-
dicator of platelet function and activation because increased 
platelet volume and size point to a thrombotic and inflamma-
tory state (6,7). Increased morbidity and mortality have been 
observed in cases with elevated MPV in pneumonia, ischemic 
stroke, cardiovascular diseases, and malignancy (8-11).

The term “ventilator-associated pneumonia” (VAP) refers to 
pneumonia that appears after endotracheal intubation, and 
more than 48 hours of mechanical ventilation (12). In the 
nosocomial setting, VAP continues to play a significant role 
in morbidity and mortality. Scores and biomarkers used until 
now have limited clinical utility for diagnosis and prognosis.

While platelet count (PC) and MPV changes have been linked 
to mortality in patients with sepsis and pneumonia, the num-
ber of studies on the prognostic significance of PC and MPV 
values in VAP patients is low. The study aims to assess the 
predictive value of the PC, MPV, and MPV/PC ratio as predic-
tors of mortality in VAP patients.

MATERIAL and METHODS

Study Design

This retrospective, single-center study was conducted on 
adult patients with microbiologically-confirmed VAP in the 
38-bed medical and surgical Intensive Care Unit (ICU) of 
Meram State Hospital. The study was approved by the ethics 
committee of Necmettin Erbakan University (approval num-
ber: 2022/3941) and performed between June 2020 and June 
2022 following the Declaration of Helsinki. Because the study 
was retrospective, informed consent was not needed.

Inclusion and Exclusion Criteria

Patients were included in the study if they had a clinical sus-
picion of VAP as defined by the American Thoracic Society 
guidelines and a Clinical Pulmonary Infection Score (CPIS) 
above 6, if their tracheobronchial cultures had significant 
growth, and if they had no signs or symptoms of infection at 
the time of ICU admission (13,14).

Patients presenting underlying diseases that may affect plate-
let function or morphology, such as malignancy, chronic liver 
diseases, end-stage renal disease, primary hematological dis-
orders, disseminated intravascular coagulation, severe throm-
bocytopenia (platelet count ≤ 20x109 L-1), receiving platelet 
transfusion, any extrapulmonary infection within the first 72 

hours after pneumonia onset, isolation of fungal agents and 
organisms of unknown pathogenicity in tracheobronchial cul-
tures, and patients who died in the 4 day observation period 
after the onset of VAP were excluded from the study.

The clinical characteristics of the patients were obtained from 
their medical records. These included age, sex, comorbidities 
[diabetes mellitus, renal dysfunction (estimated Glomerular 
Filtration Rate (eGFR) <60 mL min-1 1.73 m-2), cerebrovascu-
lar disease, cardiovascular disease, chronic lung disease], the 
severity of illness classification system Acute Physiology and 
Chronic Health Assessment (APACHE) II, CPIS/PaO2/FiO2 ratio, 
laboratory results (day 1 and day 4), vasopressor/inotrope 
use, and presence of septic shock data.

Definitions

A lower limit of 150,000 mm-3 platelet count was used to de-
tect thrombocytopenia, and an MPV higher than 10.4 fem-
toliters (fL) was used to define increased MPV (15). Mean 
platelet volume to PC measurement was used to determine 
the MPV/PC ratio. According to Elsayed and Mohamed’s re-
search, the MPV/PC ratio is elevated if it is higher than 0.031 
(16). The day of VAP onset was determined to be the day of 
the first positive tracheobronchial aspirate culture. Empirical 
antimicrobial therapy was initiated when the infectious dis-
ease specialist suspected VAP. Empirical antimicrobial thera-
py was defined as “appropriate” if the prescribed agents had 
in vitro activity against the infecting microorganisms. Disease 
severity was assessed by APACHE II, and CPIS scores were 
calculated from the collected data on admission (day 1). The 
same microorganisms isolated from VAP that cause bactere-
mia were accepted as positive blood cultures. The 30 day ICU 
mortality was defined as the mortality for any reason during 
hospitalization in the ICU within 30 days.

Study Protocol

During the study period, 150 consecutive VAP patients were 
included in the study. Patients were classified into two groups 
as survivors and non-survivors according to 30 day mortali-
ty. In patients with clinical suspicion of VAP and CPIS >6, the 
diagnosis of VAP was confirmed if there is a growth of >104 
colony forming units (CFU) mL-1 in the conventional culture 
of the tracheobronchial aspirate (13,14). The PC and MPV 
measurements on days 1 and 4 of VAP were evaluated. A 
computerized analyzer (Sysmex XN-1000 Fluorescent Flow 
Cytometry, Norderstedt, Germany) was utilized at our insti-
tution to measure PC and MPV. Only the first VAP episode 
was studied in detail to avoid confounding effects on platelet 
markers related to individual normal variability or measured 
count variability of MPV.

Empirical antimicrobial therapy was administered in our hos-
pital according to locally modified guidelines and was revised 
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based on antimicrobial test results (13). The pathogens isolat-
ed by the quantitative culture of the tracheobronchial aspi-
rate were determined by standard microbiological methods. 
Blood and urine cultures were also taken at the same time to 
rule out other nosocomial infections. The VITEK 2 healthcare 
system (bioMérieux, France) was used for bacterial identifi-
cation.

Statistical Analysis

The statistical analysis was performed using SPSS v.26.0 soft-
ware (SPSS Inc., Chicago, IL, USA). Mean ± standard deviation 
and median (interquartile ranges) were used to present the 
continuous data, while integers and percentages were used 
to present the categorical data. Pearson’s chi-squared or 
Fisher’s exact tests were used in the analyses of categorical 
variables. Continuous variables with normal distributions 
were compared with the independent samples t-test, and 
those without normal distributions were compared with the 
Mann‒Whitney U-test. Paired Samples t-test or Wilcoxon 
Signed-Rank test was used for repeated measurements. Re-
ceiver operating characteristic (ROC) analysis was performed 
to evaluate and compare the prognostic capacities of platelet 
indices found significant in the univariate analysis. The plate-
let biomarker with the largest area under the curve (AUC) of 
the ROC curve was examined by further analysis. The best 
discriminatory cut-off values were determined by the Youden 
index. Potential factors associated with mortality, including 
platelet indices, were evaluated with the multivariate Cox 
proportional hazard regression model, and the predictors 
were given as adjusted hazard ratios (aHRs) and 95% confi-
dence intervals (CIs). The cumulative survival curve was de-
fined with the Kaplan‒Meier plot and compared with the log-
rank test. All comparisons were two-sided, and p<0.05 was 
considered threshold for statistical significance.

The software G*Power version 3.1 was used to calculate 
the sample size required in our study. This analysis was per-
formed based on the results of a similar study by Lee et al. 
(8). A sample size calculation was performed with a 95% con-
fidence level (p <0.05), an effect size of 44%, and a power of 
80% to check if there is a significant difference between the 
1st and 4th day MPV changes of the two groups. Considering 
the 5% dropout rate, the sample size was calculated as 98 
patients for group 1 and 52 patients for group 2 (150 patients 
in total).

RESULTS

A total of 227 patients with possible clinical VAP were record-
ed between the aforementioned dates. Among these 227 
patients, pneumonia was microbiologically confirmed in 178 
(78%) of them. In 18 patients, extrapulmonary infections oth-
er than pneumonia were found. Within four days of the onset 

of pneumonia, 10 patients died. The platelet indices of 150 
patients with culture-confirmed VAP were reviewed.

Table I presents the clinical data of both patient groups. The 
median age of the patients was 65, and 76 (51%) patients 
were male. Cardiovascular diseases were the most prevalent 
comorbidity overall, accounting for 32 patients (21%). The 
APACHE II and CPIS scores of the non-survivor group were 
more likely to increase (22.1 vs. 25 and 7.2 vs. 7.4), while 
the PaO2/FiO2 ratio was less likely to decrease (279 vs. 246) 
(p<0.05). The number of days patients were intubated before 
developing VAP (6.9 vs. 5.3) and the number of days with 
length of ICU stay (17.1 vs. 14) were found to be statistically 
higher in the non-survivor group than in the survivor group 
(p<0.05).

All of the platelet indices compared in Table II demonstrated 
statistically significant differences between the groups. Thirty 
(31%) patients in the survivor group and 35 (67%) patients 
in the non-survivor group had thrombocytopenia (p<0.05). 
The non-survivor group had a higher MPV and a higher MPV/
PC ratio on the 1st and 4th days, while the survivor group had 
higher PC levels (p<0.05). The decrease in platelet counts in 
the first 4 days of pneumonia was statistically significant in 
both the survivor and non-survivor groups (p<0.01). Although 
the increase in MPV values in the first 4 days of pneumonia 
was not significant in the survivor group (p=0.18), it was sta-
tistically significant in the non-survivor group (p<0.01). Simi-
larly, while a significant change in MPV/PC ratios in the first 
4 days of pneumonia in the survivor group was absent, the 
increase observed on the 4th day in the non-survivor group 
was significant (p<0.01) (data not shown). Unlike the survivor 
group, in all platelet indicators, significant differences were 
observed between days 1 and 4 in the non-survivor group. 
This indicates that dynamic changes in platelet response are 
significantly associated with mortality.

Since the laboratory parameters have a significant relation-
ship with the mortality of VAP patients, the 1st and 4th day val-
ues of platelet indices were analyzed by ROC analysis as a pre-
dictive indicator of mortality. Mean platelet volume reached 
its highest AUC value of 0.80 on day 4. Platelet counts had the 
lowest 1st and 4th day AUC values among all parameters (0.65 
and 0.68, respectively). Mean platelet volume on day 4, with 
the best sensitivity (79%) and a cut-off value of 9.25 fL, and 
platelet count on day 4, with the best specificity (79%) and a 
cut-off value of 192.5, were the prognostic markers of 30 day 
mortality.

Platelet indices, which have relatively low AUC (<0.80) in sin-
gle measurements and do not have sufficient capacity to pre-
dict mortality, were examined in terms of the best prognostic 
value reached with pairwise comparisons and combinations. 
When ROC curves were compared pairwise with MPV on day 



31

Ilban O. and Simsek F.

JARSS 2023;31(1):28-36

ues higher than 9.25 fL on day 4 with MPV/PC ratio values 
higher than 0.05 on day 4, did not improve specificity (71%), 
but it did increase sensitivity (88%) and AUC (0.84). However, 
no significant difference was observed between the prognos-
tic values of both parameters (the difference between areas: 

4 to predict mortality, the differences in the AUC were statisti-
cally significant except for the MPV/PC ratio on day 4 (p<0.05 
for both). Therefore, MPV and MPV/PC ratio values on day 4 
had similar prognostic values in evaluating mortality risk in 
VAP patients (p=0.17). The combined evaluation of MPV val-

Table I. Clinical Characteristics of Patients with Ventilator Associated Pneumonia

Variables Total
(n=150)

Survivors
(n=98)

Non-Survivors 
(n=52) p

Age (year) 65 (58-74) 64.5 (58-72.3) 68 (57.5-77) 0.08
Male 76 (51) 48 (49) 28 (54) 0.57
Comorbidities

Diabetes mellitus 28 (19) 16(16) 12 (23) 0.31
Renal dysfunction 22 (15) 13 (13) 9 (17) 0.51
Cerebrovascular disease 14 (9) 10 (10) 4 (8) 0.77
Cardiovascular disease 32 (21) 20 (20) 12 (23) 0.7
Chronic lung disease 22 (15) 12 (12) 10 (19) 0.25
APACHE II 23 (21-27) 22.1 (20.2-26.3) 25 (22.1-27.7) <0.01*
CPIS 7.3 ± 0.2 7.2 ± 0.2 7.4 ± 0.3 0.01*
PaO2/FiO2 ratio 263 (184-304) 279 (185-311) 246 (174-284) 0.02*

Vasopressor/inotrope use 55 (37) 31(32) 24 (46) 0.08
Septic shock 38 (25) 22 (22) 16 (31) 0.27
Positive blood culture 16 (11) 7 (7) 9 (17) 0.06
Microbiological profile

Polimicrobial 26 (17) 15 (15) 11 (21) 0.37
Gram negative rods 96 (64) 61 (62) 35 (67) 0.54
Gram positive cocci 28 (19) 22 (22) 6 (12) 0.1

Inappropriate empirical  theraphy 49 (33) 27 (28) 22 (42) 0,07
Duration of intubation prior to VAP (days) 5.9 ± 2.2 5.3 ± 2.1 6.9 ± 2.1 <0.01*
Length of ICU stay (days) 15.1 ± 7.1 14 ± 7 17.1 ± 6.9 0.01*

Data shown as mean ± standard deviation, median (interquartile ranges) or n (%). * Survivors vs Non-survivors group (p <0.05). APACHE II: Acute 
physiological and chronic health evaluation, CPIS: Clinical pulmonary infection score, PaO2/FiO2: Ratio of arterial oxygen concentration to the fraction 
of inspired oxygen, VAP: Ventilator associated pneumonia, ICU: Intensive care unit.

Table II. Platelet Indices of Patients Among Survivors and Non-Survivors

Variables Total
(n=150)

Survivors
(n=98)

Non-Survivors 
(n=52) p

Incidence of thrombocytopenia 65 (43) 30 (31) 35 (67) <0.01*
Incidence of increased MPV 41 (27) 18 (18) 23 (44) <0.01*

Platelet day 1 235 (120-280) 239 (204-280) 149 (95-297) <0.01*
Platelet day 4 218 (126-295) 221 (210-285) 138 (91-287) <0.01*
MPV day 1 8.83 ± 1.1 8.54 ± 1 9.38 ± 1.2 <0.01*
MPV day 4 9.16 ± 1.3 8.68 ± 1.2 10.07 ± 1.2 <0.01*
MPV/PC ratio day 1 0.05 ± 0.03 0.04 ± 0.03 0.07 ± 0.04 <0.01*
MPV/PC ratio day 4 0.06 ± 0.04 0.05 ± 0.03 0.08 ± 0.05 <0.01*

Data shown as mean ± standard deviation, median (interquartile ranges) or n (%). *Survivors vs Non-survivors group (p<0.05). MPV: Mean platelet 
volume, MPV/PC: Ratio of mean platelet volume to platelet count.
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beneficial in maintaining hemostasis and limiting infection, 
ongoing platelet interactions may have harmful effects by 
overstimulating the immune system and resulting in inflam-
matory damage (1). In experimental models of pneumosep-
sis, platelet activation was associated with sepsis caused by 
Klebsiella pneumoniae and Staphylococcus aureus (17,18). 
In these studies, thrombocytopenia was associated with an 

0.04; SE: 0.02; 95% CI, –0.00 to 0.07; z = 1.77; p=0.08) (Table 
III).

Cox hazard regression was used to analyze platelet disorder 
and mortality. Day 4 PCs were negatively correlated with 
mortality in the multivariate analysis (adjusted for age, sex, 
APACHE II score, and renal dysfunction) using the MPV/PC ra-
tio as the categorical variable (aHR: 0.91, 95% CI: 0.81-0.98, 
p=0.01). In terms of mortality, MPV day 4 values and MPV/PC 
ratio day 4 values were independent predictors (aHR: 2.59, 
95% CI: 1.64-4.10, p<0.01 and aHR: 1.63, 95% CI: 1.05-2.69, 
p=0.01, respectively) (Figure 1).

The 30-day mortality from the onset of pneumonia was an-
alyzed with the Kaplan‒Meier curve concerning the cut-off 
value of the day 4 MPV values extracted from our data. When 
the 9.25 fL cut-off value for day 4 MPV was used, the proba-
bility of survival in VAP patients with MPV smaller than 9.25 
fL was significantly higher than those with higher than 9.25 fL 
MPV (p=0.002, log-rank test) (Figure 2).

DISCUSSION

This study showed that platelet and MPV responses were 
significantly correlated with mortality in VAP patients. Com-
pared to PC, MPV was a better indicator of negative outcomes 
in pneumonia that developed during mechanical ventilation.

Platelets play a role in inflammatory and immune complica-
tions in sepsis. While interactions with immune cells may be 

Table III. Performance of Platelet Indices for Predicting 30-Day Mortality

Variables Cut-off AUC
(95% CI)

Sensitivity
(%)

Specificity
(%) PPV NPV p

PC day 1 208.5 0.65 
(0.54-0.75) 73 76 61.3 84.1 0.01*

PC day 4 192.5 0.68 
(0.59-0.79) 73 79 64.4 84.6 0.01*

MPV day 1 8.85 0.71 
(0.62-0.80) 67 68 52.2 79.5 0.04*

MPV day 4 9.25 0.80 
(0.73-0.88) 79 78 66.1 87.5 -

MPV/PC ratio day 1 0.04 0.66 
(0.58-0.77) 71 65 44.3 79 0.01*

MPV/PC ratio day 4 0.05 0.73 
(0.66-0.80) 72 71 56.1 82.1 0.17

MPV 4 + MPV/PC 4 0.84 
(0.77-0.89) 88 71 62.2 92.1 0.08

Receiver operating characteristic plot analysis of platelet indices with respect to prediction of ICU mortality. The p values correspond to the difference 
between  the AUC of the parameters and the AUC of MPV day 4. Data are presented as %, unless otherwise stated. AUC: Area under the receiver-op-
erating-characteristic curve, CI: Confidence interval, PPV: Positive predictive value, NPV: Negative predictive value, PC: Platelet count,  MPV: Mean 
platelet volume, MPV/PC: Ratio of mean platelet volume to platelet count.

Figure 1. Platelet indices that were possibly associated with low 
survival. Hazard ratio was calculated using a Cox proportion-
al-hazards model adjusted by age, gender, APACHE II score and 
renal dysfunction. CI: Confidence interval, MPV: Mean platelet 
volume, MPV/PC: Ratio of mean platelet volume to platelet 
count.

Platelet day 1

Platelet day 4

MPV day 1

MPV day 4

Increased MPV/PC day 1

Increased MPV/PC day 4

Predictors Hazard ratio (95% CI)

1.00 (0.94-1.33)

0.91 (0.81-0.98)

0.92 (0.57-1.51)

2.59 (1.64-4.10)

0.73 (0.42-1.48)

1.63 (1.05-2.69)

0.1 1 10
HR
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based on a single MPV measurement, Golcuk et al. showed 
that MPV level was a predictor of mortality in CAP, and its 
predictive value increased when combined with the CURB-
65 score (22). This score is composed of 5 variables with a 
weight of 1 point in each of them: new onset confusion, urea 
level higher than 7 mmol L-1, Respiratory rate higher than 30 
min-1, systolic Blood pressure lower than 90 mmHg, and/or 
diastolic blood pressure lower and equal to 60 mmHg for pa-
tients aged above 65. In their study of patients with septic 
shock, Gao et al. found that MPV had the highest prognostic 
value for in-hospital mortality among platelet indices (23). In 
the study of Gorelik et al. investigating the clinical features 
and prognostic value of MPV changes in CAP patients, an 
increase in MPV values was correlated with an increase in 
pneumonia severity and mortality (24). However, when the 
baseline MPV measurements were analyzed using cut-off val-
ues similar to those of Golcuk et al., there was no significant 
difference in in-hospital and long-term mortality. Therefore, 
it has been suggested that a single MPV measurement may 
be an indicator of disease severity and comorbidities rather 
than a predictor of mortality. In this study, in the time-depen-
dent mortality analysis in which MPV values on the first day 
of pneumonia were measured, MPV day 4 values were pos-
itively associated with mortality, although day 1 MPV values 
were not associated with negative outcomes. These results 
parallel to previous studies suggest that repeated MPV mea-
surements can significantly contribute to risk assessment and 
prognostic performance.

A high MPV is related to advanced age, sex, renal dysfunction, 
and disease severity (24). The possible mechanisms for the 
increase in MPV may be explained by severe inflammation, 

increase in pulmonary bacterial load and systemic infection. 
Similarly, thrombocytopenia seen in patients with CAP and 
sepsis was correlated with low survival (3,4).

Cardiovascular events that occur during infection may cause 
death in pneumonia patients and platelet activation has an 
important role in these events (19). In a recent prospective 
study, Tunjungputri et al. found that the pb1B gene expres-
sion by Streptococcus pneumoniae is associated with in-
creased platelet activation and 30-day mortality (20). Consis-
tent with the previously mentioned studies, in this study, the 
reduction in the PC of VAP patients may be associated with 
negative outcomes, and an increase in disease severity may 
contribute to a higher risk of mortality in these patients.

A mortality risk factor for the disease is thrombocytopenia 
which appears at the beginning of the illness or during the ICU 
stay (3,4). While PC remained above the threshold for throm-
bocytopenia, Sezgi et al. hypothesized that the decrease seen 
in patients with normal PC at ICU admission during the fol-
low-up period was a poor indicator of the disease process 
(21). From day 1 to day 4, the non-survivor group’s median PC 
levels in our study showed a clear decrease. The non-survi-
vors’ values dropped below the thrombocytopenia threshold 
at the same time for both measurements. However, only day 
4 PC was independently associated with mortality according 
to the results of the multivariate regression analysis. Accord-
ing to our findings, compatible with those of a previous study, 
a decrease in PC during the disease may be a more significant 
prognostic factor than the presence of thrombocytopenia.

Mean platelet volume measurements were shown to be as-
sociated with mortality in severe infections. In their study 

Figure 2. Kaplan-Meier curves of the 
ventilator associated pneumonia patients 
stratified by MPV day 4. MPV: Mean 
platelet volume.
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In this study, the prognostic capacity of platelet indices in VAP 
patients was examined. Mean platelet volume on day 4 had 
the highest AUC of 0.80 and the highest sensitivity at 79%, 
while PC on day 4 had the highest specificity at 79%. While 
MPV day 4 showed a good discriminative capacity for mortali-
ty, other platelet parameters had adequate discriminative ca-
pacity with AUC <0.8. At the same time, the prognostic value 
of MPV day 4 was higher than that of all platelet parameters 
except the MPV/PC ratio on day 4. In addition, the combina-
tion of the two platelet indices with the best discriminative 
capacity, MPV on day 4 and MPV/PC ratio day 4, reached a 
higher AUC of 0.84 than their values alone, but its prognos-
tic value did not change. Therefore, both platelet parameters 
may be useful indicators for estimating mortality in patients 
with VAP.

Several limitations are included in this study. First, it is limited 
to being single-center and retrospective. Second, due to the 
retrospective design of our study, dynamic changes in plate-
let counts and MPV measurements in response to treatment 
could not be evaluated. Third, due to the lack of data on other 
inflammatory markers, such as procalcitonin and C-reactive 
protein, the prognostic values of platelet indices and these 
markers could not be compared. Fourth, the possible specific 
platelet response to different pathogens causing VAP has not 
been evaluated. Finally, the majority of VAP patients recruit-
ed were elderly, had higher disease severity, and had multiple 
underlying diseases. Therefore, unmeasured differences and 
residual confounders between groups may affect the results 
observed.

CONCLUSION

In addition to the risk associated with thrombocytopenia in 
the early phase of VAP, MPV, and MPV/PC ratio measure-
ments are useful predictors of negative outcomes. Mean 
platelet volume may be a better predictor of platelet func-
tion and activation than PC. The evaluation of VAP patients’ 
platelet reactions may be useful in determining the adequacy 
of diagnosis and treatment, as well as the potential compli-
cations.

increasing thrombopoiesis, inflammatory cytokines, and the 
increased expression of younger large platelets, as well as 
higher thrombocyte consumption in peripheral tissues and 
spleen (25). Mild and moderate renal dysfunction, which 
we described as an estimated glomerular filtration rate low-
er than mL min-1 1.73 m-2 at the onset of pneumonia, may 
be associated with an increase in MPV, although a risk fac-
tor that may confuse was the exclusion of renal replacement 
therapy in our study. As previously stated, the robustness of 
the prognostic potential of MPV in VAP patients has been 
demonstrated by including confounding factors, including 
age, sex, APACHE II score, and renal dysfunction, associated 
with changes in MPV levels in the regression analysis.

Although the underlying mechanisms of the relationship be-
tween MPV increase and negative outcomes are not known 
enough, the increase in platelet activation may be the main 
mechanism. Mean platelet volume is an indicator of platelet 
activation as measured by platelet size. Larger and reactive 
platelets with increased MPV are associated with inflamma-
tory and thrombotic conditions (26). More activated larger 
platelets express more procoagulant substances, including 
intracellular thromboxane A2 (TXA2) and surface proteins 
such as p-selectin and glycoprotein IIIa. Therefore, the pro-
longation of vasoconstriction, the increase in platelet aggre-
gation, and the development of endothelial dysfunction may 
increase the risk of cardiovascular thrombosis and mortality 
in patients with increased MPV (27). At the same time, TXA2 
can activate the pulmonary vascular endothelium, which is 
an important component of acute lung injury due to severe 
infection. Moreover, increased platelet activation causes a 
greater inflammatory response by increasing the release of 
immunomodulatory ligands and cytokines from platelets 
(28). The abovementioned adverse effects due to continued 
activation of larger platelets may be a potential mechanism 
related to the increased mortality in VAP patients.

Platelet volume may be a better indicator than PC in the eval-
uation of platelet function (29). Aydemir et al. investigated PC 
and MPV changes and infection-specific responses in sepsis 
patients. The decreases in platelet counts of gram-positive 
and gram-negative septic patients were associated with the 
simultaneous increase in MPV (15). In the study conducted by 
Sezgi et al. in the respiratory ICU, while MPV levels increased, 
the decrease in PC was associated with mortality (21). Last, 
Cho et al. examined the MPV/PC ratio in terms of mortali-
ty risk in CAP patients. The MPV/PC ratio presented a higher 
prognostic value than MPV or PC alone, and it was also equiv-
alent to procalcitonin (30). However, the results of this study 
showed a similar prognostic value between the MPV/PC ratio 
and MPV in VAP patients and showed that MPV/PC is a weak-
er predictor of mortality than MPV.
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