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Mean Platelet Volume is not a Useful Predictor of Mortality in Septic Shock
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Abstract

Introduction: Mean Platelet Volume (MPV) is a measurement that describes the average size of platelets
in blood. Coagulation and platelet activation and hyperaggregation can occur in the early inflammatory phase of
sepsis and septic shock. The objective of this study was to investigate the association between MPV on day 1 of
development of septic shock and ICU mortality.

Methods: This retrospective cohort included all patients with septic shock admitted to a 50-bed ICU between
July 2005 and February 2010. Patients were treated according to sepsis management guidelines. A total of
484 septic shock patients were included. The normal range of MPV is 5.0-15.0 femtoliters (fl). We performed
a mulivariate logistic regression (MLR) analysis including acute physiologic and chronic health evaluation
(APACHE) Il scores, sequential organ failure assessment (SOFA) scores, age, platelet count (PC) and MPV.
In addition, we estimated the receiver operator characteristic (ROC) area under the curve (AUC) for MPV and
mortality.

Results: There were 314 survivors (65%) and 170 nonsurvivors (35%). Average APACHE Il, SOFA, age, and
PC were 23 (£ 7), 9.8 (£ 2.8), 66 (+ 15) years, and 257 (+ 149) respectively in survivors, versus 27 (£ 9), 11.3 (£
2.9), 70 (+ 14) years, and 215 (+ 112) respectively in nonsurvivors. MPV was 10.5 (+ 0.9) for survivors and 10.6 (+
0.9) for non-survivors. Using MLR analysis, APACHE I, SOFA, age, and low PC were all significantly associated
with increased mortality : Odds ratio=1.05 (95% confidence interval, 1.02-1.08, p=0.003), OR=1.12 (95% CI,
1.03-1.22, p=0.01), OR=1.02 (95% CI, 1.01-1.03, p=0.01), and OR=1.002 (95% CI, 1.001-1.004, p=0.008),
respectively. MPV was not significantly associated with mortality (OR=1.11; 95% Cl, 0.77-1.62, p=0.5). Estimating
the ROC AUC showed that MPV has a no discriminative power for predicting mortality (ROC AUC=0.5).

Conclusions: There was no relation between mean platelet volume on day 1 of septic shock and mortality.

This will need to be prospectively studied before final conclusions could be made.
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Introduction

In the United States, approximately 750,000 cases of sepsis occur
each year, of which at least 225,000 are fatal. One study evaluating the
epidemiology of sepsis between 1979 and 2000 demonstrated an 8.7%
increase in the annual incidence of sepsis. The cost of management of
one septic patient has been estimated at $50,000, amounting to annual
costs of approximately $17 billion. Sepsis is the leading cause of death in
non-coronary Intensive Care Units (ICUs), and the tenth leading cause
of death overall. Organ failure occurs in about one third of patients with
sepsis and severe sepsis is associated with an estimated mortality rate of
30-50%. Seventy percent of patients with three or more organ failures
(classified as severe sepsis or septic shock) die [1-8].

Mean platelet volume (MPV) is a measurement that describes the
average size of platelets in blood. MPV is ordered routinely as part
of the complete blood count panel by an automated flow cytometry
machine. Coagulation system and platelets are strongly activated in
sepsis. In septic shock, most of the coagulation factors are depleted,
and platelet count (PC) is decreased [9]. A close relationship between
sepsis severity and thrombocytopenia has already been documented
[10,11]. Studies have shown a correlation of the MPV with poor clinical
outcomes of some diseases such as myocardial infarction [12,13], acute
ischemic cerebrovascular events [14,15], diabetes [16], and congestive
heart failure [17]. The objective of this study is to investigate the
association between MPV on day 1 of development of septic shock and
ICU mortality.

Methods

This investigation is a retrospective cohort study of patients
admitted to a large university affiliated hospital with 56 medical-surgical
intensive care unit (ICU) beds, between July 2005 and February 2010.
Data were obtained from a large, multiinstitutional, critical care patient
data set (Project Impact Critical Care Data System). Project IMPACT
(PI) is a comprehensive database system developed to measure and
describes the care of ICU patients. Developed by a multidisciplinary
group of critical care expert members of the Society of Critical Care
Medicine, this system allows practitioners to quantify practice patterns
and patient outcomes and compare them with those of similar ICUs.
Personnel at >100 ICUs at multiple participating hospitals enter
information for >100 defined patient data elements into the PI software.
Data elements include patient demographics, treatment, outcomes,
complications, and resource utilization. On a quarterly basis, data from
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all hospitals are merged into the PI central database. Reports are then
generated that include both summary and individual hospital data. For
this study, we only used PI data that is collected from our institution.
Specifically, data on age, height, ICU admission weight, gender,
comorbidities, organ failures, and ICU and hospital LOS were collected.
PI data at our institution were collected by experienced registered ICU
nurses (more than 16 years experience). Additional data elements were
collected from the patients’ electronic medical records.

Patients were included if they were 18 years of age or older, had
a principal diagnosis of sepsis as defined by the 1992 SCCM/ACCP
consensus conference definition [18], admitted to the ICU, and
developed systolic blood pressure less than 90 mmHg, not responding
to appropriate fluid resuscitation, and requiring vasopressors to
maintain mean arterial pressure greater than or equal to 65 mmHg. All
septic shock patients in our institution are managed based on current
sepsis management guidelines [19,20].

Baseline characteristics including demographic information and
information about preexisting conditions, organ function/failure,
infection, and pertinent medications were collected. APACHE II
scores (1% 24 hours after ICU admission) and sequential organ failure
assessment (SOFA) scores (day of development of septic shock) were
calculated. MPV values were collected for first day of development
of septic shock. The conduction of this study was approved by the
Institutional Review Board at Mercy Hospital St Louis. The board
waived the need for informed consent.

A total of 484 septic shock patients were included. The normal
range of MPV is 5.0-15.0 femtoliters (fl). We performed a Mulivariate
Logistic Regression (MLR) analysis including acute physiologic and
chronic health evaluation (APACHE) II scores, Sequential Organ
Failure Assessment (SOFA) scores, age, Platelet Count (PC) and MPV.
In addition, we estimated the Receiver Operator Characteristic (ROC)
Area under the Curve (AUC) for MPV and mortality.

Results

There were 314 survivors (65%) and 170 nonsurvivors (35%).
Average APACHE II, SOFA, age, and PC were 23 (+7), 9.8 (£ 2.8), 66 (£
15) years, and 257 (+ 149) respectively in survivors, versus 27 (£ 9), 11.3
(£ 2.9), 70 (* 14) years, and 215 (+ 112) respectively in nonsurvivors.
MPV was 10.5 (+ 0.9) for survivors and 10.6 (+ 0.9) for nonsurvivors
(Table 1). Using multivariate logistic regression analysis, APACHE II,
SOFA, age, and low PC were all significantly associated with increased
mortality : Odds ratio=1.05 (95% confidence interval, 1.02-1.08,
p=0.003), OR=1.12 (95% CI, 1.03-1.22, p=0.01), OR=1.02 (95% CI,
1.01-1.03, p=0.01), and OR=1.002 (95% CI, 1.001-1.004, p=0.008),
respectively (Figure 1). MPV was not significantly associated with
mortality (OR=1.11; 95% CI, 0.77-1.62, p=0.5) (Figure 1). Estimating
the ROC AUC showed that MPV has a no discriminative power for
predicting mortality (ROC AUC=0.5).

Discussion

The role of MPV is sepsis has only been recently investigated.
MPV was found to be higher in the first three and five days of Gram-
positive sepsis and Gram-negative sepsis, respectively [21]. In another
study, MPV values were higher in patients with sepsis and severe sepsis
[22]. Eberhardt et al. showed in an analysis of 183 patients with sepsis
that those who died had a higher MPV than survivors (9.6 vs. 9.19 fL;
P=0.031) [23]. In a study including all patients in the ICU, Kucukardali
et al. showed a positive correlation between MPV and APACHE score,
however, there was no relation between MPV and mortality in this
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Survivors Nonsurvivors P-value
N, % 314 (65) 170 (35) <0.05
Age, years, SD 66 (+ 15) 70 (£ 14) <0.05
APACHE Il, SD 23 (x7) 27 (£ 9) <0.05
SOFA, SD 9.8 (+2.8) 11.3 (£ 2.9) <0.05
Platelet Count (PC), X 103 257 (+ 149) 215 (£ 112) <0.05
MPV, SD 10.5 (£ 0.9) 10.6 (£ 0.9) NS
Table 1: Characteristics of survivors and non-survivors.
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Figure 1: Associations with mortality using multivariate logistic regression.

small (n=130) and heterogenic population of critically ill patients
[24]. In our study of septic shock patients, low PC was associated with
increased mortality, however, there was no relation between MPV and
mortality. Our results are in accordance with Kucukardali et al. study of
heterogenic ICU population. However, our results oppose the results of
Eberhardt et al’'s study of patients with sepsis [24]. It is hard to compare
our study results to those of Eberhardt et al. [23], since there study is in
abstract format and thus study specifics are not available. We can only
speculate that a major difference between our patient population and
theirs is the timing of enrollment. It seems that there study enrolled
patients in the early phase of sepsis, whereas in our study we enrolled
patients with septic shock. It could be the MPV may have a predictor
potential in the early phase of sepsis when the coagulation system and
platelets are strongly activated, but not in septic shock, when most of
the coagulation factors are by this stage depleted, and platelet count is
decreased [9]. This can only be proven in large prospective studies of
patients with sepsis, severe sepsis, and septic shock.

Our study has several limitations. Our study is mainly limited by
the retrospective nature and the small number of patients. Our primary
outcome measure was hospital mortality, we did not have access to
longer-term outcomes, and thus our survival analyses assumed patients
who were discharged alive from the hospital were in fact alive at later
time points. This study has several strengths as well. Strength of the
study is the use of mortality as an unbiased endpoint and the use of
PI database which has good internal validity. Our primary outcome in
this study is mortality, which is unbiased and of much greater clinical
significance than surrogate endpoints such as length of stay. All the
data and variables used in the analyses were from the patients’ charts
and direct clinical measurements. In addition, our study investigated a
larger number of patients (n=484) than either Kucukardali’s (n=130) or
Eberhardt’s (n=183).
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Conclusion

In our study, there was no relation between mean platelet volume
on day 1 of septic shock and mortality. This will need to be prospectively
studied in a large number of patients, taking into account drug effects
on platelets, before final conclusions could be made. In addition, studies
should differentiate between early and late sepsis (septic shock).
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