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ABSTRACT
OBJECTIVES: The aim of the present study was to determine the prognostic value of thrombocytopenia, 
platelet indices (MPV/PLT and PDW/PLT) in children with septic shock.
BACKGROUND: Septic shock is one of the major causes of mortality among children worldwide.
METHODS: A retrospective analysis was made of children admitted to the pediatric intensive care unit 
between November 2010 and December 2019. Two hundred four children were included; they were 
diagnosed with septic shock according to the international pediatric sepsis consensus conference criteria. 
The MPV/platelet ratio and PDW/platelet ratios were estimated as the MPV and PDW values divided by the 
platelet count on the fi rst three days of hospitalization. The clinical outcome was 28-day mortality.
RESULTS: MPV/PLT and PDW/PLT ratios were found to be signifi cantly higher in the non-survivors than 
survivor (p≤0.001). In the multivariate logistic regression analysis, higher MPV/platelet ratios at 72h (OR: 
7.41; 95% CI: 1.25–43.7; p=0.027) and PDW/platelet ratios at 72h (OR: 2.9; 95% CI: 1.13–7.50; p=0.027) 
were signifi cant risk factors for mortality. 
CONCLUSIONS: Platelet indices are useful laboratory parameters in septic shock. MPV/PLT and PDW/PLT 
ratios can be promising reliable markers for 28-day mortality in children with septic shock (Tab. 4, Fig. 1, 
Ref. 29). Text in PDF www.elis.sk
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Introduction

Sepsis is described as systemic infl ammatory response syn-
drome plus suspicious or proved infection, while septic shock 
includes cardiovascular dysfunction leading to persistent hypo-
perfusion and hypotension (1). Septic shock is associated with 
high mortality and morbidity in adults and children. Furthermore, 
delayed diagnosis and late treatment of septic shock has been as-
sociated with worse outcomes (2). Several various biomarkers 
such as white blood cells (WBC), neutrophils count, C-reactive 
protein (CRP) are used to early diagnose or prognosticate the rea-
son of SIRS, sepsis or septic shock. There is no optimal indica-
tor to discriminate septic shock (3). In case of septic shock some 
alterations occur in the coagulation system that are represented 
by thrombocytopenia prolongation of prothrombin time (PT) and 
activated partial thromboplastin time (aPTT) (4, 5). In several 
previous reports, the extent of thrombocytopenia is correlated to 

the mortality and improvement of thrombocyte count indicates 
recovery of the patient (6, 7). Septic shock increases thrombotic 
and infl ammatory situations which may alter thrombocyte volumes 
(8). Platelet volume distribution width (PDW) and mean platelet 
volume (MPV) are platelet indices which are routinely measured, 
and easy to interpret, which are readily available in routine blood 
count (9). Recent studies suggested that thrombocytes and their 
indices can be utilized as infl ammatory biomarkers in cancer, 
cardiovascular and cerebrovascular cases, and also as prognostic 
indicator in critical patients (10). Besides, some researchers have 
shown that alterations of MPV/PLT, PDW/PLT ratio are related 
with mortality and morbidity in patients with various illnesses 
(11–13). In our research, it was aimed to identify the prognostic 
signifi cance of thrombocytopenia, thrombocyte indices MPV/PLT 
and PDW/PLT in children with septic shock. 

Material and methods

This is a retrospective, observational single-center study that 
was conducted in a tertiary pediatric intensive care unit (PICU). 
This research was reviewed and approved by Hacettepe University 
Ethical Committee. Patients were diagnosed with septic shock and 
admitted to PICU between November 2010 and December 2019. 
Patients with diabetes mellitus, connective tissue disease, chronic 
renal failure, hematologic diseases (malignancy, immune throm-
bocytopenic purpura) or receiving transfusion of thrombocytes 
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in the fi rst 72 hours of admission to inten-
sive care unit were excluded. Input was ob-
tained from patient fi les. Blood specimens 
were collected for laboratory analysis into 
tubes with ethylene diamine tetra acetic acid 
(EDTA) and automatically analyzed with 
ADVIA 2120, Siemens, Forchheim, Ger-
many within maximum 60 minutes from 
specimen collection.

Demographic data, comorbidities, he-
modynamic parameters, clinical results 
and laboratory data at 28 days after admis-
sion were recorded. PRISM score, PELOD 
score, thrombocyte number, PDW and MPV 
level were recorded. Septic shock was de-
fi ned based on International Consensus 
Conference on Pediatric Sepsis (14). Ad-
ditionally, MPV/platelet and PDW/plate-
let ratio calculated by (MPV value/platelet 
count) x1000, (PDW value/platelet ratio) 
x1000 were estimated.

SPSS Statistics 22 software (IBM, Ar-
monk, NY, USA) was used for statistical 
analysis. Descriptive statistics were done 
for non-parametric quantitative data by me-
dian and interquartile range (IQR), and for 
parametric quantitative data by mean ± stan-
dard deviation, while they were done by fre-
quency and percentage for categorical data. 
The demographic, laboratory and clinical 
data of groups were compared. Differences 
in continuous parameters were compared 
by the Mann–Whitney U test and unpaired 
Student t test. Chi-square test was used for 
evaluation of categorical variables. Spear-
man’s correlation analysis was used to de-
fi ne the correlations between the MPVadm/
PLTadm, MPV36h/PLT36h, MPV72h/PLT72h, 

PLTadm, PLT36h, PLT72h, PDWadm/PLTadm, PD-
W36h/PLT36h, PDW72h/PLT72h with PRISM 
2 score, PELOD score, WBCadm, neutro-
philadm, lymphocyteadm, CRP72h, ESR72h, lac-

tateadm. Multiple logistic regression analyses were done to assess 
the independent risk parameters for mortality. Receiver operat-
ing characteristic (ROC) curves were used to show the predictive 
level of MPV72h/PLT72h, PDW72h/PLT72h, PLTadm, PLT36h, and PLT72h 

for mortality. P value less than 0.05 was regarded as signifi cant.

Results

Two hundred thirty-six septic shock children were admit-
ted to PICU during the period of the study. 32 patients who had 
diabetes mellitus, connective tissue disease, chronic renal failure, 
hematologic disease and platelet transfusion were excluded based 
on predetermined study protocol and 204 patients were included. 

Variables Survivors  (n=145) Non- survivors (n=59) p
Age (month)* 32(78) 59(132) 0.10
Gender (female, n (%;) male, n (%) 59(40.8%); 86 (59.2%) 29 (49%); 30 (51%) 0.25
Respiratory rate (rate/min) 45.82±11.1 46.37±12.7 0.77
Heart rate (rate/min) 147.9±24.2 147.1±24.4 0.83
Systolic blood pressure (mmHg) 70.62±8.8 69.78±12.53 0.60
Diastolic blood pressure (mmHg) 39.15±7.66 38.50±7.21 0.59
Immune defi ciency (n/%) 13(10%) 18 (33.3%) 0.001
Microbiology 

Blood culture (n/%)
Urine culture (n/%)

17 (13.1%)
7 (5.4%)

13 (24.1%)
6 (11.5%)

0.06
0.20

Duration of mechanical ventilation (day)* 3(10) 7(13) 0.004
Inotropic Score 26.87 ±7.02 27.78 ±6.93 0.42
WBCadm ×103/μL * 12.2(9.6) 8.5(15.8) 0.029
Neutrophiladm ×103/μL * 8.1(9.1) 5.0(7.9) 0.005
Lymphocyteadm ×103/μL * 1.8(2.7) 1.0(1.5) <0.001
Hgb gr/dl 10.6±2.3 10.4±2.6 0.64
PDWadm (%) 17.2±0.8 17.4±0.9 0.29
PDW36th (%) 17.35±0.8 17.25±0.8 0.45
PDW72th (%) 17.54±1.03 17.24±1.2 0.08
MPVadmfL 10.1±1.3 10.4±1.2 0.22
MPV36thfL 10.16±1.18 10.43±1.08 0.12
MPV72thfL 10.42±1.29 11.12±1.12 0.13
AST (median)(U/L)* 62.5(93) 66(87) 0.38
ALT (median)(U/L)* 38(58) 32(60) 0.14
INR * 1.3(0.73) 1.3(0.67) 0.67
aPTT (second)* 32.1(12.8) 34.2(14.3) 0.62
D-dimer (ng/dl)* 3.9(5.7) 2.7(4.0) 0.10
Fibrinogen (mg/dL) 298.5±160.8 269.8±174.3 0.28
PRISM 2 score* 29.3(34.3) 56.7(50.2) <0.001
PELOD score* 20(10) 30(10) <0.001
Lactateadm (mmol/L)* 1.9(1.9) 2.5(2.87) 0.008
Albuminadm (g/dl) 3.3±0.72 2.9±0.6 <0.001
CRPadm mg/dl* 1.8(3.1) 2.67(4.9) 0.39
CRP72h mg/dl* 1.1(2.4) 3.2(7.8) <0.001
ESRadm (mm/h)* 10.5(15) 11(16) 0.786
ESR72h (mm/h)* 10(16) 20(28) 0.001
*Median (IQR), PRISM 2: pediatric risk of mortality 2; PELOD: pediatric logistic organ dysfunction; Hgb: he-
moglobin; WBC: white blood cell; CRP: C- reactive protein; ESR: erythrocyte sedimentation rate; MPV: mean 
platelet volume; PDW: platelet volume distribution width: PICU LOS; pediatric intensive care unit length of 
stay; aPTT: activated partial thromboplastin time; INR: international normalized ratio; AST; aspartate aminotrans-
ferase; ALT; alanine aminotransferase; SD: standard deviation; IQR: interquartile range

Tab. 1. Demographics, clinical characteristics and laboratory variables of survivors and non-
survivors.

Variables Survivors (n:145) Non-survivors (n:59)   p
PLTadm ×103/μL* 111.5 (155.5) 95.5 (83.0) <0.001
PLT36h ×103/μL* 85.5 (94.5) 67.0 (57.2) <0.001
PLT72h ×103/μL* 76.5 (100.7) 43.5 (39.7) <0.001
MPVadm/PLTadm* 0.090 (0.08) 0.108 (0.10) <0.001
MPV36h/PLT36h* 0.118 (0.09) 0.155 (0.17) <0.001
MPV72/PLT72* 0.136 (0.11) 0.255 (0.21) <0.001
PDWadm/PLTadm* 0.1 (0.15) 0.19 (0.22) <0.001
PDW36h/ PLT36h* 0.12 (0.17) 0.25 (0.34) <0.001
PDW72h/PLT72h* 0.14 (0.19) 0.40 (0.46) <0.001
*median (IQR), PLT: Platelet; MPV: mean platelet volume; PDW: platelet volume 
distribution width; MPV/PLT: mean platelet volume/Platelet ratio; PDW/PLT: platelet 
volume distribution width/Platelet ratio; IQR: interquartile range

Tab. 2. Platelet variables of survivors and non-survivors.
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let count variables, PDW72h/PLT72h, MPV72h/PLT72h were evaluated 
by multivariate logistic regression model. As a conclusion, PLTadm 

(OR 0.99), PLT36h (OR 0.98), PLT72h (OR 0.97), PDW72h/PLT72h (OR 
2.9) and MPV72h/PLT72h (OR 7.41) ratio had a signifi cant impact 
on mortality (Tab. 3). Correlation analysis was performed between 
MPV72h/PLT72h, PDW72h/PLT72h, platelet counts, WBCadm, CRP72h, 
ESR72h, lymphocyteadm, albuminadm neutrophiladm and lactateadm lev-
els with PRISM 2 and PELOD scores. Lactateadm, CRP72h, PRISM 2 
and PELOD scores were positively correlated with PDW72h/PLT72h. 
WBCadm, albuminadm, lymphocyteadm, neutrophiladm were negatively 
correlated with PDW72h/PLT72h. Lactateadm, CRP72h, PRISM 2 and 
PELOD scores were positively correlated with MPV72h/PLT72h and 
negatively correlated with platelet counts. WBCadm, albuminadm 

lymphocyteadm and neutrophiladm were positively correlated with 
platelet counts and negatively correlated with MPV72h/PLT72h. All 
these correlations were statistically signifi cant (p ≤ 0.001) (Tab. 
4). To predict 28-day mortality receiver operating characteristic 
(ROC) analysis was applied and the outcomes displayed that the 
areas under the ROC curve for PDW72h/PLT72h, MPV72h/PLT72h, 

PLTadm, PLT36h, and PLT72h were 0.83, 0.81, 0.71, 0.79 and 0.834, 
respectively. The cut-off values for PDW72h/PLT72h, MPV72h/PLT72h, 

PLTadm, PLT36h, PLT72h were 0.20 (sensitivity 90.7 %, specifi city 
36.9 %), 0.093 (sensitivity 88.9 %, specifi city 38.5 %), 101.5x10³/
μL (sensitivity 70.8 %, specifi city 44.4 %), 86.5 x10³/μL (sensi-
tivity 70 %, specifi city 31.5 %), 58.5 x10³/μL (sensitivity 80 %, 
specifi city 37 %), respectively (Fig. 1). 

Discussion 

The present study is a retrospective clinical study that inves-
tigates the prognostic value of MPV/PLT and PDW/PLT ratios 
in pediatric patients with septic shock. The main fi ndings of this 
study are as follows. Firstly, MPV/PLT and P DW/PLT ratios were 
found to be signifi cantly higher in non-survivors than in survivors 
from admission to the 72nd hour. Secondly, the MPV72h/PLT72h 
and PDW72h/PLT72h ratios disclosed to be an independent risk 
factor for septic shock patients, even after adjusting for reason-
able peculiar variables. Especially, patients with higher MPV72h/

PLT72h and PDW72h/PLT72h ratio should be 
followed up more closely, as their mortality 
risk is higher. According to our knowledge, 
this is the fi rst research to study the relation-
ship between the PDW/PLT, MPV/PLT rate 
and prognosis of children with septic shock. 

Researchers reported that the activation 
of the coagulation system, infl ammatory 
conditions and thrombotic diseases can al-
ter the volume of thrombocyte indices and 
severe sepsis or septic shock causes throm-
bocytopenia (15). Reasons of thrombocyto-
penia in sepsis are impaired production and 
increased platelet consumption (16). In criti-
cal patients, thrombocytopenia is indepen-
dent risk parameter and unfavorable prog-
nostic marker for mortality (17, 18). Also, a 

Variables Odd Ratio 95% Confi dence Interval p
PLTadm 0.99 0.989–0.998 0.004
PLT36h 0.98 0.97–0.99 0.001
PLT72h 0.97 0.96–0.98 <0.001
PDW72h/PLT72h 2.9 1.13–7.50 0.027
MPV72h/PLT72h 7.41 1.25–43.7 0.027
PLT: Platelet; MPV/PLT: mean platelet volume/Platelet ratio; PDW/PLT: platelet 
volume distribution width/Platelet ratio

Tab. 3. Multivariate Logistic Regression Analysis for the Prediction 
of 28-day Mortality.

PDW72h/PLT72h MPV72h/PLT72h   PLTadm  PLT36h   PLT72h

r p r p r p r p r p
PRISM 2 0.219  0.003 0.312 <0.01 –0.16 0.03 –0.195 0.008 –0.229 0.002
PELOD 0.315  <0.01 0.203 0.06 –0.138 0.062 –0.261 <0.01 –0.317 <0.01
WBCadm –0.339  <0.01 –0.325 <0.01 0.302 <0.01 0.311 <0.01 0.342 <0.01
Albuminadm –0.385  <0.01 –0.388 <0.01 0.36 <0.01 0.35 <0.01 0.31 <0.01
Lactateadm 0.277 <0.01 0.23 <0.01 –0.155 0.036 –0.222 <0.01 –0.279 <0.01
CRP72h 0.376 <0.01 0.3641<0.01 –0.368 <0.01 –0.386 <0.01 –0.376 <0.01
ESR72h 0.065  0.378 0.056 0.449 –0.073 0.32 –0.082 0.27 –0.061 0.413
Lymphocyteadm –0.439 <0.01 –0.428 <0.01 0.421 <0.01 0.464 <0.01 0.442 <0.01
Neutrophiladm –0.365 <0.01 –0.355 <0.01 0.294 <0.01 0.314 <.01 0.369 <0.01
PRISM 2: pediatric risk of mortality 2; PELOD: pediatric logistic organ dysfunction; WBC: white blood cell; 
CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; PLT: Platelet; MPV/PLT: mean platelet volume/
Platelet ratio; PDW/PLT: platelet volume distribution width/Platelet ratio

Tab. 4. Correlation between PDW72h/PLT72h, MPV72h/PLT72h, Platelet Counts and Other
Variables.

There were 131 male (64 %) and 73 female (36 %) cases.  Patients’ 
median age was 62.9 months (±63.7 SD). 59 patients (29 %) died 
during the study period. There was no difference between survivor 
and non-survivor group with regard to gender, age, vital signs and 
microbiological data (Tab. 1). Patients with immunodefi ciency had 
a higher mortality rate (33.3 % vs 10 %; p=0.001). Non-survivor 
group had longer mechanical ventilation support day (11.19±14.67 
vs 10.3±23.46; p=0.004) but hospitalization day was longer in 
survivor group (44.27±49.70 vs 11.19±14.67; p=0.31). PRISM, 
PELOD score, CRP72h and ESR72h values were signifi cantly high-
er in non-survivor patients than those who survived (p=0.001). 
Lactate was higher in non-survivor group (3.7541+3.32942 vs 
2.9185+2.92071; p=0.008), in contrast to albumin that was lower 
in non-survivor group (2.8943+0.61223 vs 3.3019+0.71811; p 
≤0.001). Although there was no signifi cant difference between 
these two groups at 36 and 72 hours, the admission white blood 
cell count (WBC) and neutrophil count were signifi cantly greater 
in the survivors.  Coagulation parameters (PT, aPTT, D-dimer, and 
fi brinogen), liver function tests, platelet indices (MPV, PDW, dif-
ference of MPV levels at admission and at 72nd hour and 36th hour 
(ΔMPV72h-adm, ΔMPV36h-adm) are shown in Table 1. Isolated PDW/
platelet and MPV/platelet ratios were compared within each group 
during the fi rst 72 hours after admission. Non-survivors exhibited 
a signifi cantly higher MPV/platelet, PDW/platelet ratio than survi-
vors at admission, after 36 and 72 hours, and thrombocyte numbers 
were signifi cantly lower in the non-survivor group in all values (p 
≤ 0.001) (Tab. 2). Length of hospitalization day, albuminadm, plate-
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recent study showed that mortality was lower in non-thrombocyto-
penic children at the time of admission than in thrombocytopenic 
children in intensive care units (19). In septic shock, thrombocy-
topenia (<100,000/mm³) at the admission is related with mortality 
(20). Similar fi ndings were shown in our study that fi rst-day platelet 
count was found approximately 100,000/mm³ in non-survivor pa-
tients. First three days thrombocyte counts of non-survivor group 
were lower than the of survivor group and this fi nding was an inde-
pendent risk factor for 28th-day mortality in septic shock patients.

Thrombotic and infl ammatory situations might alter the sizes 
of thrombocyte. Some studies showed that infl ammation and 
thrombotic conditions cause alteration of platelet size, higher than 
normal size, and these alterations are associated with increasing 
of mortality and morbidity in patients with different diseases (21, 
22). Several different researches have showed that survivors had 
appreciably lower mean MPV value than non-survivors in patients 
with sepsis (17, 23). In septic patients, endothelial damage, bone 
marrow suppression and production of many cytokines may be 
the main reason of this condition (17). An investigation made by 
Isguder et al. showed that children with sepsis had high baseline 
MPV values and cases whose MPV values increased during follow 
up had high mortality risk because pathophysiological conditions 
can prevent thrombocyte regeneration, enhancement of their acti-
vation or accelerate their decease once overwhelming the capacity 
of self-regulation will induce alteration in both thrombocyte num-
ber and morphology and thus results in an alteration in thrombo-
cyte indices and this results in increase in MPV value (24). In the 
current study, it was found that MPV values were higher in non-
survivor group but this difference was not statistically signifi cant. 

Activation of platelet causes some changes of platelets mor-
phologies, including both spherical shape and pseudopodia forma-
tion. Thrombocytes with increased count and volume of pseudo-

podia are altered in volume, which affects the value of PDW (13). 
Guclu et al showed that PDW was the only signifi cant distinctive 
laboratory parameter different between survivors and non-survi-
vors in severe sepsis (17). In an animal experimental research, 
PDW level increased in the presence of endotoxemia (25). Con-
fl icting results have been reported in respect to the relationship of 
PDW with mortality. Although several adult and pediatric studies 
commonly suggested that PDW is useful to predict risk of mortal-
ity in septic patients, some other studies hypothesized that PDW 
values should not be used as a prognostic marker in patients with 
critical disease (17, 26, 27). In this research, there was no differ-
ence found between the PDW levels of groups.

Some researches hypothesized that total thrombocyte number is 
inversely related with MPV (16, 28). A recent study showed that high 
MPV value and a low thrombocyte number increased thrombocytes 
reactivity and aggregation; in non-ST-elevation myocardial infarc-
tion analysis, MPV/platelet ratio was found superior to MPV alone 
(28). And the author hypothesized that an inverse relationship be-
tween thrombocyte count and MPV could act as a predictor for early 
mortality in critically ill patients with suspected sepsis receiving 
early goal-directed therapy (28). Therefore, impact of MPV/platelet 
and PDW/platelet ratio on mortality was evaluated in our study. In 
univariate analysis, the present research displayed that higher MPV/
PLT and MPV/PLT ratios were found statistically signifi cant in 
non-survivor group in the evaluation of the fi rst three days, but only 
PDW72h/PLT72h and MPV72h/PLT72h were found signifi cant in mul-
tivariate logistic regression analysis. Odds ratio of MPV72h/PLT72h 

was found to be the highest (OR 7.41). Therefore, keeping MPV/
PLT and PDW/PLT ratios monitored may be useful to extrapolate 
mortality risk in pediatric patients with septic shock. Our fi ndings are 
compatible with previous studies that reported MPV/PLT and PDW/
PLT ratios as predictors of mortality in children with sepsis (16, 29). 

Fig. 1. PDW72h/PLT72h and MPV72h/PLT72h ROC curve map and PLTadm PLT36h PLT72h ROC curve map.
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Simple combination of laboratory tests could be used to early 
diagnose the severity of septic shock and risk of mortality. Throm-
bocyte number and their indices are cheap and evaluated by the 
automatic analyzer in the complete blood count that are commonly 
used in patients with septic shock to assess the hematological 
status. Therefore, PDW/platelet and MPV/platelet ratio can be 
used as a predictor for mortality in pediatric septic shock patients.

In conclusion, this current study demonstrated that MPV/PLT 
and PDW/PLT ratios at 72nd hour are independent risk factors 
for mortality. Higher MPV/PLT and PDW/PLT ratios are omi-
nous signs that should be taken seriously in septic shock patients. 
Larger prospective multicenter researches are needed to approve 
the practicability of the MPV/PLT and PDW/PLT ratio as a pre-
dictive indicator in septic shock patients. 

Limitations

This study has some limitations, as being a single center retro-
spective research with limited patients’ number. We are also aware 
that drugs including antibiotics may have an effect on the platelet 
indices causing bias of our results.

References

1. Rhodes A, Evans LE, Alhazzani W e t al. Surviving Sepsis Campaign: 
International Guidelines for Management of Sepsis and Septic Shock: 2016. 
Intensive Care Med 2017; 43 (3): 304–377. 

2. Evans IVR, Phillips GS, Alpern ER  et al. Association Between the New 
York Sepsis Care Mandate and In-Hospital Mortality for Pediatric Sepsis. 
Jama 2018; 320 (4): 358–367. 

3. Arora R, Mahajan P. Evaluation of  child with fever without source: re-
view of literature and update. Pediatr Clin North Am 2013; 60 (5): 1049–1062. 

4. Mavrommatis AC, Theodoridis T, Or fanidou A, Roussos C, Christo-
poulou-Kokkinou V, Zakynthinos S. Coagulation system and platelets are 
fully activated in uncomplicated sepsis. Crit Care Med 2000; 28 (2): 451–457. 

5. Irmak K, Sen I, Col R et al. The ev aluation of coagulation profi les in 
calves with suspected septic shock. Vet Res Commun 2006; 30 (5): 497–503. 

6. Hui P, Cook DJ, Lim W, Graeme A Fra ser , Donald M Arnold. The fre-
quency and clinical signifi cance of thrombocytopenia complicating critical 
illness: a systematic review. Chest 2011; 139 (2): 271–278. 

7. Stephan F, Montblanc J, Cheffi  A, Fra ncis B. Thrombocytopenia in criti-
cally ill surgical patients: a case-control study evaluating attributable mortality 
and transfusion requirements. Crit Care 1999; 3 (6): 151–158. 

8. Angus DC , Linde-Zwirble WT, Lidicker J, Clermont G, Carcillo J, Pin-
sky MR. Epidemiology of severe sepsis in the United States: analysis of in-
cidence, outcome, and associated costs of care. Crit Care Med 2001; 29 (7): 
1303–1310. 

9.  Jackson SR, Carter JM. Platelet volume: laboratory measurement and 
clinical application. Blood Rev 1993; 7 (2): 104–113.  

10. Chu SG, Becker RC, Berger PB et al. Mean platelet volume as a predic-
tor of cardiovascular risk: a systematic review and meta-analysis. JTH 2010; 
8 (1): 148–156. 

11. Han X, Xu P, Duan X, Liu Y, Zhang J, Xu H. High mean platelet vol-
ume-to-platelet count ratio as a diagnostic maker for increased risk of liver 
function damage in pediatric patients with infectious mononucleosis in China. 
Exp Ther Med 2019; 18 (6): 4523–4527. 

12. Oh GH, Chung SP, Park YS et al. Mean Platelet Volume to Platelet 
Count Ratio as a Promising Predictor of Early Mortality in Severe Sepsis. 
Shock 2017; 47 (3): 323–330. 

13. Sayed SZ, Mahmoud MM, Moness HM,  Mousa SO. Admission platelet 
count and indices as predictors of outcome in children with severe Sepsis: a 
prospective hospital-based study. BMC pediatrics 2020; 20 (1): 387. 

14. Goldstein B, G iroir B, Randolph A, International Consensus Confer-
ence on Pediatric S. International pediatric sepsis consensus conference: defi -
nitions for sepsis and organ dysfunction in pediatrics. Pediatr. Crit. Care Med. 
a journal of the Society of Critical Care Medicine and the World Federation of 
Pediatric Intensive and Critical Care Societies 2005; 6 (1): 2–8. 

15. Moreau D, Timsit JF, Vesin A et al. Platelet count decline: an early 
prognostic marker in critically ill patients with prolonged ICU stays. Chest 
2007; 131 (6): 1735–1741. 

16. Kim CH, Kim SJ, Mi Jung Lee et al. An increase in mean platelet vol-
ume from baseline is associated with mortality in patients with severe sepsis 
or septic shock. PloS One 2015; 10 (3): e0119437. 

17. Guclu E, Durmaz Y,  Karabay O. Effect of severe sepsis on platelet count 
and their indices. Afr Health Sci 2013; 13 (2): 333–338. 

18. Williamson DR, Lesur O, Tétrault JP, Nault V, Pilon D. Thrombocy-
topenia in the critically ill: prevalence, incidence, risk factors, and clinical 
outcomes. Can J Anaesth 2013; 60 (7): 641–651. 

19. Agrawal S, Sachdev A, G upta D,  Chugh K. Platelet counts and outcome 
in the pediatric intensive care unit. Indian J. Crit.  Care Med. peer-reviewed, 
offi cial publication of Indian Society of Critical Care Medicine 2008; 12 (3): 
102–108. 

20. Thiery-Antier N, Binquet C, Vinault S et al. Is Thrombocytopenia an Ear-
ly Prognostic Marker in Septic Shock? Crit. Care Med 2016; 44 (4): 764–772. 

21. Vizioli L, Muscari S, Mus cari A. The relationship of mean platelet vol-
ume with the risk and prognosis of cardiovascular diseases. Int J Clin Pract 
2009; 63 (10): 1509–1515. 

22. Ozdemir R, Karadeniz C, D oksoz O et al. Are mean platelet volume and 
platelet distribution width useful parameters in children with acute rheumatic 
carditis? Pediatr Cardiol 2014; 35 (1): 53–56. 

23. Aydemir H, Piskin N, Akdu man D,  Kokturk F, Aktas E. Platelet and 
mean platelet volume  kinetics in adult patients with sepsis. Platelets 2015; 
26 (4): 331–335. 

24. Isguder R, Ceylan G, Agin  H et al. Increased mean platelet volume in 
children with sepsis as a predictor of mortality. Turk J Pediatr Dis 2016; 58 
(5): 503–511. 

25. Yilmaz Z, Eralp O, Ilcol Y O. Evaluation of platelet count and its associa-
tion with plateletcrit, mean platelet volume, and platelet size distribution width 
in a canine model of endotoxemia. Vet Clin Pathol 2008; 37 (2): 159–163. 

26. Yildiz A, Yigit A, Benli A R. The prognostic role of platelet to lymphocyte 
ratio and mean platelet volume in critically ill patients. Eur Rev Med Pharma-
col Sci 2018; 22 (8): 2246–2252. 

27. Ates S, Oksuz H, Dogu B,   Ucmak H, Yanit F. Can mean platelet volume 
and mean platelet volume/platelet count ratio be used as a diagnostic marker 
for sepsis and systemic infl ammatory response syndrome? Saudi Med J 2015; 
36 (10): 1186–1190. 

28. Azab B, Torbey E, Singh J et  al. Mean platelet volume/platelet count 
ratio as a predictor of long-term mortality after non-ST-elevation myocardial 
infarction. Platelets 2011; 22 (8): 557–566. 

29. Golwala ZM, Shah H, Gupta N,  Sreenivas V, Puliyel JM. Mean Plate-
let Volume  (MPV), Platelet Distribution Width  (PDW), Platelet Count and 
Plateletcrit  (PCT) as predictors of in-hospital paediatric mortality: a case-
control Study. Afr Health Sci 2016; 16 (2): 356–362.

Received January 3, 2022.
Accepted January 18, 2022.


