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Abstract

Background: Platelet volume indices (PVIs) are inexpensive and readily available parameters in intensive care units (ICUs). How-
ever, their association with mortality has never been investigated in the post-neurosurgical meningitis (PNM).
Objectives: This study was designed to investigate the association of PVIs with mortality in PNM patients.
Methods: This retrospective study was conducted in the adult patients undergone various neurosurgical procedures in a neuro-
surgery department at a tertiary educational medical center in Tehran from 2016 to 2017. In this study, platelet indices including
mean platelet volume (MPV), platelet distribution width (PDW), and platelet count were measured on ICU admission.
Results: A total of 37 patients were included, 18 of whom survived (mortality rate: 50%). PDW and MPV values were significantly
higher in non-survivors than in survivors. In non-survivor patients, platelet count was significantly lower and PDW was higher
at diagnosis and discharge when compared to on admission. Also, there was no significant linear correlation between Charlson
comorbidity index (CCI) and platelet indices. The means of these parameters showed no significant differences in CCI categories
between the two patient subgroups.
Conclusions: The obtained data revealed that the high levels of MPV and PDW in PNM are not associated with the increased risk of
mortality, whereas the decrease in plateletcrit was not associated with increased risk of mortality.
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1. Background

Post-neurosurgical meningitis (PNM) is a severe com-
plication that leads to high mortality rates, prolonged
hospitalization, severe neurologic sequelae, and increased
hospital costs. Since the number of high-quality, ran-
domized controlled trials for the management of PNM is
limited, the diagnostic and therapeutic approaches are
mainly according to low-quality evidence and personal ex-
perience (1).

Platelet volume indices (PVIs) are a set of platelet (PLT)
variables that can be measured regularly in whole blood
count using various automated analyzers. Mean platelet
volume (MPV) and platelet distribution width (PDW) are
two prominent parameters that are also commonly mea-
sured.

MPV is a machine-calculated item that exhibits
plateletcrit to platelet count ratio and is an accurate

marker of platelet function. PDW defines the distribution
width at the level of 20% in the size of platelet distribution
curve that reveals how uniform the platelets are in size in
a blood sample (2).

The PVIs are potential platelet activity biomarkers that
are suggested to be linked to systemic inflammatory re-
sponses (3). Since the measurement of these parameters
is inexpensive and easily accessible in many institutions,
they can readily provide comprehensive clinical examina-
tions regarding PVI values for prognostic and diagnostic
purposes in various settings (4). A reduction in PLT count is
an independent risk factor for critically-ill patients admit-
ted to intensive care units (ICUs) (5).

Based on the growing lines of evidence, the above-
mentioned parameters are useful in the differential diag-
nosis of bacterial and tuberculous meningitis (6), defining
the severity of illness and predicting the mortality in criti-
cally ill-patients (7). These parameters are also individually
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linked to mortality in unselected ICU patients (4).

2. Objectives

Considering the fact that the risk of mortality in pa-
tients with PNM is high, risk stratification can help clini-
cians with the management of these patients. Hence, by
establishing a link between PVI and clinical outcome, we
would be able to obtain further insight into the common
PNM pathways. Therefore, this study was designed to eval-
uate the association of PVIs with clinical outcomes in PNM
patients.

3. Methods

This retrospective study was conducted among pa-
tients with confirmed diagnosis of meningitis who under-
went various neurosurgical procedures in the department
of neurosurgery at a tertiary university medical center,
Tehran, Iran from 2016 to 2017. The complete medical his-
tory, clinical and biochemical evaluations, and complete
blood cell count on the days of admission, diagnosis, and
discharge were recorded.

The exclusion criteria were (1) pregnant and breast-
feeding women; (2) patients with active hemorrhage; (3)
those with hematological diseases; (4) patients who had re-
ceived infusion or PLTs prior to admission; (5) patients who
had used anticoagulants prior to admission; (6) and those
who received radiotherapy or chemotherapy or bone mar-
row transplantation one month prior to admission. This
study was approved by the Ethics Committee of Shahid Be-
heshti University of Medical Sciences, Tehran, Iran.

3.1. Statistical Analysis

All the statistical analyses were performed using SSPS
version 16.0 (SPSS, Inc., Chicago, IL, USA). Chi-square test
was employed to analyze categorical data. Independent t-
test, paired t-test, multivariate logistic regression, and re-
peated measures analysis of variance (ANOVA) were run for
comparison of numeric values. We calculated Charlson co-
morbidity index (CCI) (8) and presented the mean ± stan-
dard deviation (SD). Also, we used four categories based on
CCI that consists of none (0), mild (1 - 2), moderate (3 - 4)
and severe (≥ 5). Spearman rank correlation test was car-
ried out to determine the linear relationship between two
variables that had no prerequisite for a parametric correla-
tion test. The values for each group are expressed as mean
± SD. P value less than 0.05 was considered statistically sig-
nificant.

4. Results

A total of 37 PNM patients consisting of 16 (43.2%) fe-
males and 21 (56.8%) males were included in this study. The
mean age of the patients was 44.97 ± 17.35 years. Here,
the most frequent diagnosis was neuro-oncology diseases
(67.6%). Twenty-six (70.3%) of the patients had respiratory
failure and received mechanical ventilation (Table 1).

As shown in Table 1, a significant difference was found
in the laboratory parameters. Here, platelet count was sig-
nificantly lower in non-survivors than survivors (P = 0.006)
and PDW and MPV were higher in dead patients (P = 0.006
and P = 0.030, respectively). In order to compare PVIs at the
times of admission, diagnosis, and discharge, we assessed
PVI parameters at different time points in surviving and
non-surviving patients.

In non-surviving patients, significant differences were
detected in PLT and PDW levels at different time points (P
= 0.007 and P = 0.001, respectively). In this regard, platelet
count was significantly lower and PDW was higher at diag-
nosis and discharge as compared to the time of admission;
however, no significant difference was found in MPV level
at different time points (P > 0.05). On the other hand, in
the survivors group, there were no significant differences
in PVIs between various evaluation times (Figure 1).

According to univariate analysis, the platelet indices,
sepsis, pneumonia, and ventilation were significantly as-
sociated with outcome. Considering the small number of
outcome events, we analyzed multivariate regression with
some variables and found no significant adjusted odds ra-
tios (Table 2). However, we recommend this analysis with
an appropriate event number.

On follow-up, 19 (51.3%) patients had died, the mean
age of whom was 49.57 ± 18.37 years, and only 5 (26.3%) of
them had severe comorbidity scores. The mean CCI of non-
survivors was 3.05± 2.67 versus 1.05± 1.30 in the survivors
(P = 0.016). Also, there were 12 (32.4%) patients with mild
CCI, 7 (18.9%) patients with moderate CCI, 5 (13.5%) patients
with severe CCI and 13 (35.1%) patients without CCI (Table
1). Moreover, there was no significant linear correlation be-
tween CCI and platelet parameters (PLT, r = -0.301 and P =
0.07; PDW, r = 0.143 and P = 0.39; MPV, r = 0.267 and P =
0.11). The means of these parameters showed no significant
differences in CCI categories between the two patient sub-
groups (Table 3).

5. Discussion

In this study, we provide insight into the role of PVIs in
the pathophysiology of PNM patients. We found that those
PNM patients who died had lower PLT count and higher
MPV and PDW levels than those who survived. In addition,
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Table 1. Characteristics of the Patients Based on Survival Status

Variable Total Survivors (N = 18) Non-Survivors (N = 19) P Value

Age, y 44.97 ± 17.35 40.11 ± 15.21 49.57 ± 18.37 0.09

Sex, No. (%) 0.19

Female 16 (43.2) 10 (27.0) 6 (16.2)

Male 21 (56.8) 8 (21.6) 13 (35.1)

Diagnosis, No. (%) NA

Neuro-oncology 25 (67.6) 15 (60.0) 10 (40.0)

Neuro-vascular 7 (18.9) 1 (14.3) 6 (85.7)

Head injury 5 (13.5) 2 (40.0) 3 (60.0)

Mechanical ventilation, No. (%) 26 (70.3) 8 (21.6) 18 (48.6) 0.001

Blood culture, No. (%) 5 (13.5) 0 (0) 5 (13.5) 0.01

CSF culture, No. (%) 6 (16.2) 2 (5.4) 4 (10.8) 0.660

Laboratory parameters

WBC, ×103/µL 12.09 ± 7.1 11.1 ± 6.1 13.03 ± 7.9 0.41

CRP, mg/dL 50.07 ± 40.64 42.53 ± 39.84 58.76 ± 41.36 0.33

Platelet, ×103/µL 198.18 ± 101.57 243.61 ± 71.39 155.15 ± 108.64 0.006

PDW, % 14.45 ± 3.8 12.72 ± 2.90 16.08 ± 3.9 0.006

MPV, fL 10.10 ± 1.5 9.55 ± 1.2 10.63 ± 1.66 0.030

CCI, mean ± SD 2.08 ± 2.32 1.05 ± 1.30 3.05 ± 2.67 0.016

CCI categories, No. (%) NA

None, CCI 0 13 (35.1) 9 (50.0) 4 (21.1)

Mild, CCI 1 - 2 12 (32.4) 6 (33.3) 6 (31.5)

Moderate, CCI 3 - 4 7 (18.9) 3 (16.7) 4 (21.1)

Severe, CCI ≥ 5 5 (13.5) 0 (0.0) 5 (26.3)

Abbreviations: CCI, Charlson comorbidity index; CRP, c-reactive protein; CSF, cerebrocpinal fluid; MPV, mean platelet volume; NA, not applicable; PDW, platelet distribu-
tion width; WBC, white blood cell.

we demonstrated that CCIs in non-survivors were higher
than in survivors, but there was no significant association
between CCI and platelet parameters.

It has been widely accepted that in normal physiolog-
ical conditions, the number of PLTs in the blood remains
in equilibrium due to regular elimination and regenera-
tion mechanisms. Thus, PLT count or its morphology re-
mains relatively constant. However, under pathophysio-
logical conditions, any factor which can prevent the regen-
eration of PLT can increase the death rate and overcome
the capacity of self-regulation. In this condition, both PLT
count and morphology can be changed, which can be de-
tected in the results of PLT indices (7). According to the
wide range of studies, it has been shown that PLT indices
change following trauma, systemic inflammatory reaction
syndrome, severe infection, activation of the coagulation
system, and thrombotic diseases. Furthermore, the in-
creased levels of MPV and PDW were suggested as the pre-

dictors of poor outcomes in a variety of diseases such as
sleep apnea syndrome (9), chronic obstructive pulmonary
disease (10), myocardial infarction (11), and infection (12).

Our findings are consistent with those of another in-
vestigation that reported reduced PLT count and increased
MPV and PDW were independent risk factors for mortal-
ity even after they were adjusted for other covariates re-
lated to clinical variables. In this regard, Zhang et al. (7)
demonstrated that patients admitted to ICU with abnor-
mally low PLT count and high levels of MPV and PDW exhib-
ited severe illness and higher risk of mortality in compar-
ison to those with normal PLT indices. They proposed PLT
count, MPV, and PDW as independent risk factors for mor-
tality. Moreover, several studies showed that elevated lev-
els of MPV and PDW were linked to increased rate of mor-
tality in cardiovascular diseases patients (13, 14). Also, an-
other study showed that in sepsis or septic shock patients,
hospital mortality was negatively correlated with PLT and

Arch Neurosci. 2019; 6(2):e82911. 3

http://archneurosci.com


Simani L et al.

400

300

200

100

0

20

18

16

14

12

10

T1 T2 T3 T1 T2 T3 T1 T2 T3 T1 T2 T3

Survivor 

Non-survival 

Survivor 

Non-survival 

Pl
at

el
et

 C
o

u
n

t 
(×

10
3 /μ
1
)

PD
W

 (%
)

A B

Figure 1. The difference in platelet count (A) and platelet distribution width (B) between T1 with T2 in the survivor and the non-survivor groups. T1-admission; T2-diagnosis;
T3-discharge (P < 0.001)

Table 2. The Estimation of Mortality Odds Ratio for Study-Specific Variablesa , b

Variable
Univariate Multivariate

Odds Ratio 95% CI P Value Odds Ratio 95% CI P Value

PLT 0.989 0.981 - 0.998 0.014 0.994 0.918 - 1.007 0.385

PDW 1.347 1.059 - 1.713 0.015 1.172 0.700 - 1.963 0.547

MPV 1.695 1.026 - 2.801 0.039 0.730 0.230 - 2.314 0.593

Sepsis

No - - -

Yes 18.889 2.075 - 171.964 0.009 9.828 0.313 - 308.180 0.194

Pneumonia

No - - -

Yes 13.714 2.406 - 78.183 0.003 4.158 0.246 - 70.147 0.323

Steroid

No - - -

Yes 0.929 0.218 - 3.964 0.920 2.790 0.044 - 171.094 0.628

Ventilation

No - - -

Yes 22.500 2.449 - 206.736 0.006 6.014 0.325 - 111.286 0.779

Charlson comorbidity index 1.673 1.085 - 2.578 0.020 2.011 0.918 - 4.407 0.081

a Univariate and multivariate logistic regression for eight variables.
b Significance level < 0.05.

PCT values and positively correlated with MPV and PDW val-
ues (15). In addition, Camara-Lemarroy et al. demonstrated
that platelet count was lower and MPV was higher in pa-
tients with bacterial meningitis compared to those with
tuberculosis (6).

The inflammatory response can be a feasible explana-
tion for the observed association between platelet indices
and mortality rate. According to the growing body of ev-
idence, inflammatory response is remarkably related to
undesirable clinical outcomes in ICU patients. The level
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Table 3. The Association Between Charlson Comorbidity Index and Platelet Parameters in Non-Survivors and Survivors

Variables PLT PDW MPV

CCI Categories Survivors Non-Survivors Survivors Non-Survivors Survivors Non-Survivors

None 237.77 ± 72.30 200.00 ± 121.76 12.96 ± 3.27 14.35 ± 2.91 9.80 ± 1.27 8.92 ± 0.45

Mild 216.50 ± 53.27 126.83 ± 63.63 13.16 ± 3.03 17.33 ± 5.11 9.31 ± 1.23 11.01 ± 2.08

Moderate 315.33 ± 72.39 209.00 ± 189.96 11.13 ± 1.20 16.12 ± 3.17 9.26 ± 1.15 11.37 ± 1.02

Severe - 110.20 ± 35.03 - 15.96 ± 4.30 - 10.96 ± 1.52

P value 0.137 0.738 0.606 0.747 0.702 0.131

of inflammation in critically-ill patients can be identified
by several biomarkers such as C-reactive protein, which is
a prominent inflammatory biomarker significantly corre-
lated with mortality in various conditions (14, 16-18). Re-
duction in PLT has been proved to be one of the indepen-
dent risk factors for ICU patients (7).

It is worth noting that the current study had several
limitations. Here, due to specified inclusion and exclu-
sion criteria, a number of patients were excluded that
inevitably resulted in limited sample size. Also, the ob-
tained results revealed a relationship between low platelet
count and mortality; however, a causal relationship be-
tween them cannot be inferred based on the present study.

In summary, PLT indices are valuable indicators of clin-
ical outcomes. Non-surviving PNM patients had lower
platelet counts and higher MPV and PDW values than sur-
vivors. Despite the higher CCIs in non-survivors, there was
no significant association between CCI and platelet param-
eters.
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