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Abstract

Background: Mean Platelet Volume (MPV) is a measure of platelet size, and is influenced by
inflammation which is commonly overlooked by clinicians. In critically ill patients, sepsis is a major
problem and considered a generalized process that involves all body organs and systems. Hemostatic
system is commonly involved in any sepsis condition. The aim of this study is to detect changes of MPV
on admission in critically ill children and determine its relation to other clinical and laboratory
parameters that can be indicators of sepsis.

Materials and methods: Critically ill children, aged between 1 month and 12 y, consecutively presented
to Pediatric Intensive Care Unit (PICU) were assessed for possible enrolment in the study. Venous blood
samples were collected from all included children at initial presentation, at 12 h and 48 h after PICU
admission. MPV and other blood indices were measured and compared with systemic inflammatory
process serum markers.

Results: Changes in platelets count did not show any significant differences during the first 48 h in both
MPV-rise (p=0.22) and MPV-no/rise groups (p=0.09). Changes in Procalcitonin (PCT) were significant
in MPV-rise (p<0.001) but not in MPV-no/rise groups (p=0.06).

Conclusions: The results of this study demonstrate a strong relation between the increase in MPV from

baseline in critically ill children admitted to PICU with important laboratory and clinical variables.
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Introduction

Mean Platelet Volume (MPV) is a simple measure of platelet
size that can detect abnormal function and activity of platelets
[1]. Increased MPV means more platelet activity and excessive
secretion of mediators [2]. It gives an indication about the
extent of inflammatory process and activity of disorders like
preeclampsia, angina and myocardial infarction and systemic
inflammatory conditions, such as ulcerative colitis [3,4].
Critically ill patients usually have changes in platelet function
and counts that have been studied in previous studies [5-8],
where a serious pathophysiologic reaction manifested by
decrease in platelet number and function results from the
interaction between platelets with pathogen and endothelial
cells [6,7,9,10]. Increased MPV in the first 72 h of hospital
admission with a marked rise in MPV in non-survivors than in
survivors is found in septic inflammatory conditions in adults.
Besides, the change in MPV after 72 h is found to be an
independent risk factor of mortality [11].
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In critical care settings, patients with systemic infection that
associated with organ dysfunction or shock are usually can’t be
distinguish from those with similar clinical signs but without
infection. Traditional inflammatory markers (leukocytes, C-
reactive protein) can be influenced by parameters other than
infection and are slowly released. Contamination usually
affects positive bacterial cultural results and negative results do
not mean to roll out sepsis [12]. Other laboratory tests are
required to give an early indication of infection in
inflammatory cases. These tests will replace traditional
inflammatory markers that do not have the needed sensitivity
and specificity. Procalcitonin (PCT) serum level is one of these
needed tests to mark the inflammatory response to infection
[5,6,13-15]. Normally, all PCT is transformed to calcitonin
inside the thyroid gland after its production. Therefore PCT
level in the serum is undetectable (<0.1 ng/ml) in healthy
humans. During severe infections serum PCT levels may
increase to over 100 ng/ml. The pathophysiological role of
serum PCT during sepsis is not clear [7,14]. During sever
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bacterial, parasitic and fungal infections the level of serum
PCT levels increases while in severe viral infections or non-
infectious inflammatory reactions, its level does not increase or
only shows a moderate increase. The half-life of serum PCT in
blood is 25-30 h while other inflammatory cytokines such as
Tumor Necrosis Factor (TNF)-a and Interleukin (IL)-6 have
relatively short half-lives [8]. Serum PCT offers a high level of
accuracy in sepsis diagnosis in Intensive Care Unit (ICU)
admissions that other currently available tests cannot provide
[11]. Depending on these properties, serum PCT can be used as
an indicator of severe generalized infections or sepsis.
Although MPV in healthy population showed an inverse
relationship with platelet count [4], its relation with platelet
count and acute phase reactant in infection, specifically
critically ill patients, is not well established. The aim of this
study is to investigate changes in MPV in critically ill PICU
admissions and to determine relation between MPV changes
and other clinical and laboratory variables, specifically platelet
count and serum PCT level.

Patients and Methods

Study setting and design

The study was conducted as a prospective, observational
cohort analysis. Data were collected over a period of 5 months
(between May 2015 to September 2015) in the PICU of a
tertiary care centre, Maternity and Child Health Hospital
(MCH), in Almadinah Almounorah, Saudi Arabia. The
protocol of the study was approved by the MCH Hospital
research ethics and review board (No: 418). A written
informed consent was taken from the legal guardian of each
child included in the study. This study was carried out
according to the Helsinki Declaration principles [16].

Study population

Critically ill children, aged between 1 month and 12 v,
consecutively presented to PICU were assessed for possible
enrolment in the study. In the study period a total of 153 PICU
admissions were initially considered for the study. Of these, 56
were excluded due to admission diagnoses that might affect the
reliability of platelets indices measurements; such as
preexisting hematological disorders (immune
thrombocytopenic purpura, hereditary macrothrombocytosis,
bone marrow aplasia, reactive thrombocytosis, hypersplenism),
uremia, laboratory evidence of intravascular disseminated
coagulation, uncontrolled hemorrhage, antiplatelets
medications, and previous or current anticancer chemotherapy.
The final analysis included 45 children, excluding further 52
children who died, discharged or referred to another institution
before completing 48 h of PICU stay. Figure 1 shows a flow
diagram of study population.

Data acquisition processing and definitions

A standardized data collection form was used to collect patient
data  prospectively. Baseline characteristics including
demographic information, baseline diagnosis, baseline
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laboratory data, medical history, and any co-morbidities were
documented on admission. Interventions including use of
central venous line, mechanical ventilation, platelets
transfusion and RBCs transfusion were recorded for the whole
period of PICU stay. Length of PICU stay to the nearest day
and PICU all-cause mortality were recorded. To establish
disease severity, Pediatric Risk of Mortality (PRISM) Score
[17] was calculated from the following parameters: systolic
blood pressure, diastolic blood pressure, heart rate, respiratory
rate, PaO,/F10,, PaCO,, HCOj5", prothrombin time/partial
thromboplastin time, total serum bilirubin, blood calcium,
blood potassium, blood glucose, pupillary reactions and
Glasgow coma scale. It was determined according to the worst
values within the first 24 h of admission.

Venous blood samples were collected from all included
children at initial presentation, and at 12 and 48 h after PICU
admission to measure the levels of hemoglobin (Hb, g/dL),
Total Leucocytes Count (TLC), platelet count, MPV (fL) and
serum PCT (pg/ml) at those points of time. Serum PCT was
used as a proxy for diagnosing systemic inflammatory response
caused by infection. Serum PCT was shown to offer a high
level of accuracy in sepsis diagnosis in ICU admissions that
other currently available tests cannot provide [6,7,13-15]. For
blood elements count, blood samples were collected from an
indwelling catheter in tubes that contained EDTA, maintained
at 20°C and analysed within 1 h by a laser machine (SYSMEX
SE9500 DASIT). For analysis of serum PCT level, 5 ml of
whole blood were collected under complete aseptic conditions
from each patient. Blood samples were left for 30 to 60 min for
spontaneous clotting at room temperature and then centrifuged
at 3000 rpm for 10 min. Serum samples were separated into
another set of tubes and were kept frozen at -20°C for detection
of serum PCT. PCT level was measured in previously prepared
serum of PICU patients using quantitative sandwich Enzyme
Linked Immunosorbent Assay (ELISA) technique. Each
sample was measured in triplets and the median of the three
measures was taken. For PCT we used Human PCT EIISA kit
(My BioSource, USA) with the minimum detectable dose of 1
pg/ml.

Leucopenia was defined as TLC below 4 x 10%mm? and
leucocytosis as a TLC above 15 x  10%mm?.
Thrombocytopenia was defined as a platelet count below 150 x
10°/mm3. MPV change was calculated by subtracting MPV at
admission from that at 48 h after admission (AMPV4g 1-adm)-
The highest procalcitonin level within the first 48 h was taken
for each patient. The number (%) of patients with the highest
procalcitonin level above 150 pg/ml and those with the highest
procalcitonin levels above 2000 pg/ml were counted.
Respiratory failure was defined as the need for artificial
ventilation within the first 48 h. Circulatory failure was defined
as the need for inotropes and/or vasopressors for at least one
hour within the first 48 h.

Statistical analysis

Based on the AMPV 4g 1, a4m» Study population was grouped into
two groups, those who showed an increase in MPV (MPV-rise)
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and those who did not show a rise in MPV (MPV-no/rise).
Unless otherwise indicated, continuous variables were
expressed as median (interquartile range) and categorical
variables as number (percentage). The nonparametric test
Mann-Whitney-U test was used to compare continuous
variables. Chi-square test, y2, and Fisher’s exact test were used
to test the differences in categorical variables. Repeated
measures over time for platelets and procalcitonin were
analysed using the non-parametric Friedman test. Association
between AMPV,g p_.qm and other demographic/biochemical
parameters were described using Spearman's rank correlation
coefficient. A multivariate logistic regression model was
implemented to identify the factors associated with the rise in
MPYV. Data were analysed using SPSS version 16.0 statistical
package.

PICU admissions between May
2015 to September 2015
n=15%)

Ezclusion (n= 56)

Preexisting hematological disorders
Intravascular disseminated coagulation
Uncontrolled hemorrhage
Antiplatelets medications

Anticancer chemotheragy

Patients considered initially for the
study
n=197)
Exclusion (n = 52)
Died, discharged or referred
before 43 h
Final patients analyzed in the
study (n=45)

Figure 1. Flow diagram of study population. From May 2015 to
September 2015, 153 children who received was admitted to PICU
were assessed for possible enrolment according to inclusion and
exclusion criteria. Of these 45 children were included in the final
analysis.

Results

The median age (interquartile range) of study participants was
8.0 months (3.5-29.5). Twenty-cight (62.2%) were male.
PRISM score for study participants was 10.5 (6.0-16.0). For
the whole group, MPV on admission was 8.5 (7.5-9.9 fL),
whereas AMPV g p-adm Was 0.10 (-0.15-1.00 fL). The baseline
demographic, clinical, and laboratory characteristics are
presented in Table 1.

Table 1. Demographic, clinical and laboratory baseline data of study
cohort (n=45).

Circulatory failure, n (%) 7 (15.6%)

Neurological, n (%) 7 (15.6%)

Others, n (%) 8 (17.8%)
Hematological and Hemoglobin (g/dL) 9.6 (8.3-11.5)
biochemical data at

admission

TLC (x 108/mm3)

11.3 (6.5-19.0)

Platelets count (x 109/mm?3)

306 (185-410)

MPV (fL)

8.5 (7.5-9.9)

Procalcitonin (pg/ml)

186 (137-990)

Creatinine (mg/dL)

0.8 (0.6-1.9)

Total bilirubin (mg/dL)

0.6 (0.4-1.5)

Variable Total
Demographics Age (months) 8.0 (3.5-29.5)
Male sex, n (%) 28 (62.2%)

PRISM score

10.5 (6.0-16.0)

Diagnosis category,
(%)

n Respiratory failure, n (%)

18 (40.0%)
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Interventions in the first Mechanical ventilation, n (%) 37 (82.2%)

48 h, n (%)
Central venous line, n (%) 28 (62.2%)
Platelets transfusion, n (%) 5(11.1%)
RBCs transfusion, n (%) 14 (31.1%)
Outcome LOS (d) 21.0 (12.5-31.0)

PICU mortality, n (%) 8 (17.8%)

Although platelets count was higher in the MPV-rise group
compared to the MPV-no/rise group, the difference was not
statistically significant. Likewise, thrombocytopenia rate in the
first 48 h did not differ between the two groups. Significant
difference was evident between the two groups in the highest
PCT level recorded in the first 48 h. Figure 2 shows the trend
in both platelet count and PCT levels in MPV rise and MPV-
no/rise groups in the first 48 h after PICU admission. The
changes in platelets count did not show any significant
differences during the first 48 h in both MPV-rise (p=0.22) and
MPV-no/rise groups (p=0.09). On the other hand, the changes
in PCT were significant in MPV-rise (p<0.001) but not in
MPV-no/rise groups (p=0.06).
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Figure 2. Comparison of trends in the platelet count (A) and
procalcitonin levels (B) between MPV rise and MPV-no/rise groups
in the first 48 h after PICU admission. Data are presented as mean
and standard error of mean.

Children in the MPV-rise group stayed 30.0 (14.5-46.5 d) in
the PICU and had a PICU mortality of 28.6%, while those in
the MPV-no/rise group stayed 18.0 (12.3-24.8 d) and had a
PICU mortality of 8.3%. The difference between the two
groups was statically significant for LOS but not for the PICU
mortality. None of the other demographic, clinical, laboratory
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or outcome variables showed a difference between the two

groups as shown in Table 2.
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Table 2. Comparison of different patients’ characteristics according to the rise in MPV.

Variable

Rise in MPV p value
Yes (n=21) No (n=24)
Demographics Age (months) 8.0 (4.5-15.0) 13.5 (3.0-54.8) 0.3
Male sex, n (%) 15 (71.4%) 13 (54.2%) 0.23
PRISM score 10.0 (6.5-14.5) 11.0 (6.0-16.0) 0.87
Diagnosis category, n (%) Respiratory failure, n (%) 12 (57.1%) 6 (25.0%)
Circulatory failure, n (%) 3 (14.3%) 4 (16.7%)
Neurological, n (%) 1(4.8%) 6 (25.0%)
Other, n (%) 2 (9.5%) 6 (25.0%)
Hematological and biochemical data Hemoglobin (g/dL) 9.7 (8.4-11.3) 9.4 (8.3-11.7) 0.74
TLC at admission (x 108/mm?3) 13.9 (6.4-20.0) 9.8 (6.5-13.9) 0.15
TLC category, n (%) <4 (x 10%/mm?3) 2 (9.5%) 3 (12.5%) 0.08
4-15 (x 10%/mm?3) 9 (42.9%) 17 (70.8%)
>15 (x108/mm?3) 10 (47.6%) 4 (16.7%)
Platelets count at admission (x 109/ 398 (187-500) 267 (152-355) 0.09
mm?3)
Thrombocytopenia in the first 48 h, n 8 (38.1%) 9 (37.5%) 0.96
(%)
AMPV 48 h-adm 1.00 (0.30-1.95) -0.10 (-1.33-0) <0.001
Procalcitonin at admission (pg/ml) 232 (141-1126) 160 (103-491) 0.18
Procalcitonin, highest (pg/ml) 451 (148-2650) 180 (108-696) 0.03
Procalcitonin levels above 150 pg/ml, n 16 (76.2%) 16 (66.7%) 0.48
(%)
Procalcitonin levels above 2000 pg/ml, 7 (33.3%) 2 (8.3%) 0.03
n (%)
Creatinine (mg/dL) 0.9 (0.6-2.1) 0.7 (0.4-1.2) 0.21
Total bilirubin (mg/dL) 0.5 (0.3-1.1) 0.7 (0.6-1.7) 0.87
Interventions in the first 48 h, n (%) Mechanical ventilation, n (%) 16 (76.2%) 21 (87.5%) 0.32
Central venous line, n (%) 14 (66.7%) 14 (58.3%) 0.56
Platelets transfusion, n (%) 4 (19.0%) 1(4.2%) 0.11
RBCs transfusion, n (%) 8 (38.1%) 6 (25.0%) 0.34
Outcome LOS (d) 30.0 (14.5-46.5) 18.0 (12.3-24.8) 0.03
PICU mortality, n (%) 6 (28.6%) 2 (8.3%) 0.12

Table 3 shows the results of the multivariate logistic regression

model of factors

associated with

the AMPV4g hoadm-

Respiratory failure, TLC at admission, the highest PCT level
recorded in the first 48 h and LOS showed a significant
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associations remained significant when the model was adjusted

for age, sex, and PRISM score.
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Table 3. A multivariate logistic regression model of factors associated with the AMPV 48 j,_aim-

Variable Unadjusted Adjusted”
OR (CI)’ p value OR (CI) p value

Respiratory failure 26.43 (2.25-311.29) 0.009 24.79 (1.64-375.27) 0.02
TLC at admission 1.21 (1.00-1.46) 0.04 1.27 (1.00-1.61) 0.04
Platelets count at admission 1.01 (0.99-1.01) 0.2 1.01 (0.99-1.01) 0.19
Procalcitonin, highest 1.00 (1.00-1.01) 0.01 1.00 (1.00-1.01) 0.01
LOS 1.09 (1.00-1.20) 0.04 1.10 (1.00- 1.22) 0.04
PICU mortality 1.50 (0.9-26.64) 0.78 2.17 (0.11-44.36) 0.61

On the other hand, platelets count at admission and PICU
mortality did not show significant association with the
AMPV g hadm- Spearman’s correlation analysis revealed a

Table 4. Correlation between AMPV g, a4 and variables.

significant positive correlation between AMPV g 1,.aqm and the
highest PCT level recorded in the first 48 h (rho=0.32; p=0.03),
and LOS (rho=0.40; p=0.007) (Table 4).

Variable AMPV4g h-adm
rho p value
Demographics Age (months) -0.11 0.45
PRISM score -0.11 0.49
Hematological and biochemical data Hemoglobin (g/dL) -0.02 0.88
TLC at admission (x 108/mm3) 0.23 0.13
Platelets count at admission (x10%/mm3) 0.18 0.24
Procalcitonin at admission (pg/ml) 0.21 0.15
Procalcitonin, highest (pg/ml) 0.32 0.03
Creatinine (mg/dL) 0.21 0.12
Total bilirubin (mg/dL) 0.06 0.86
Outcome LOS (d) 0.4 0.007
Discussion relation to either platelet count or PICU mortality.

Due to its high mortality rates, critically ill conditions
considered a major health problem to physicians. The mortality
rates of these conditions depend mainly on the presence of
sepsis or organ failure. Therefore, ecarly detection of sepsis,
with a simple and easy laboratory test, in this critical group
will help in risk stratification, monitoring disease progression
and treatment efficacy. Disturbance in platelets is a significant
parameter in critically ill patients and the significance of this
parameter is higher if they suffer sepsis. Tests that measure
changes in platelets count and volume are simple, automated
and less costing. In the present study, we hypothesized that the
rise seen in MPV in critically ill children during their stay in
PICU could be associated to important clinical and laboratory
variables as well as patients outcome. Our results demonstrate
a strong relation between the increase in MPV during the first
48 hours after PICU admission with infection as an admission
diagnosis, respiratory failure, TLC on admission, serum PCT
level on admission, PCT highest level, and LOS but has no
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Consequently, the present study may indicate that monitoring
of MPV can help in risk stratification of critically ill children.
Our results are similar to several reports that showed increase
in MPV in sepsis. Dastugue et al. reported rise in MPV in
patients with shock [18]. Van and Von showed higher MPV
values in patients with sepsis than those suffering of localized
infection [19]. The same study group suggested that increased
MPV in patients diagnosed with bacterial infection may signal
the presence of septicemia [19]. Becchi et al. examined the
trends of MPV and platelet count during the course of sepsis
and found that the average MPV gradually increased in non-
survivors, whereas it decreased in survivors [20].

The nature of MPV as an inflammatory marker has been
suggested by previous studies, which have demonstrated a
correlation between a higher MPV and active inflammatory
disecase [21-23]. Furthermore, advances in the laboratory
technology that served accurate quantification of markers
showed that MPV reflects both prothrombotic and
proinflammatory status [3]. In our study we chose serum PCT,
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which usually increase in the first 24-30 h of sepsis, as a
specific laboratory tool for measuring sepsis in order to
demonstrate its relation to MPV elevation in critically ill
children. The trend in serum PCT changes, in our current
study, during the first 48 h of PICU admission shows
significant difference in patients with rise in MPV than those
without MPV rise (Figure 2). These results indicate that rise in
MPV values during PICU admission can be an indicator of
early sepsis. On the other hand, platelet count trend during the
first 48 h of PICU admission shows no significant difference
between patients with MPV rise or those without MPV rise
(Figure 2). These results demonstrate that MPV behaved
independently from platelet count in PICU patients. Generally,
patients with sepsis showed thrombocytopenia during the first
4 d after hospital admission [19], with an inverse relationship
between platelet count and MPV [3,4]. Furthermore, in animal
models, MPV increased after the induction of sepsis, whereas
platelet count changed inversely [24,25]. Alternatively, our
results showed that in PICU patients, although the rise in MPV
is related to the increase in PCT, which is a strong indicator of
sepsis, it has no significant relation to platelet count. This may
be explained by the difference in pathophysiology of sepsis
between adult and pediatric populations where platelets
respond to sepsis through increase in size with no significant
changes in count. These results showed that MPV monitoring
in PICU patients might be more important than platelet count
monitoring to predict early sepsis.

Conclusion

The results of this study demonstrate a strong relation between
the increase in MPV from baseline in critically ill children
admitted to PICU with infection, respiratory failure as well as
several important laboratory and clinical variables. These
findings are evidence that monitoring of MPV my play a role
in risk stratification of critically ill children admitted to PICU.
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