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Association of the Plasma Platelet-Derived Microparticles to
Platelet Count Ratio with Hospital Mortality and Disseminated
Intravascular Coagulopathy in Critically Ill Patients

Masatsugu Ohuchi, Kazunori Fujino, Takuma Kishimoto, Tetsunobu Yamane, Tetsu Hamamoto, Takahisa
Tabata, Yasuyuki Tsujita, Mikiko Matsushita, Kan Takahashi, Kazuhiro Matsumura and Yutaka Eguchi

Department of Critical and Intensive Medicine, Shiga University of Medical Science, Shiga, Japan

Aim: The role of platelet-derived microparticles (PDMPs) in the crosstalk between coagulopathy and
inflammation in critically ill patients remains unclear. The aim of this cohort observational study
was to investigate the associations between the PDMP levels and hospital mortality or disseminated
intravascular coagulopathy (DIC).

Methods: This study included 119 patients who were admitted to the ICU. The PDMP levels were
measured using an enzyme-linked immunosorbent assay three times a week, for a total of 372 sam-
ples. We calculated the maximum (max) PDMP value, max PDMP/platelet (PDMP/Plts) ratio (con-
verted to the PDMP levels per 10* platelets) and nadir platelet count during the ICU stay. Baseline
patient data and scores, including the Japanese Association for Acute Medicine (JAAM) DIC score,
were collected, and potential predictors were analyzed for possible associations with hospital mortality.
Results: The max PDMP/Plts ratio was significantly different comparing the survivors (z=98:
median, 2.54) and non-survivors (7=21: median 17.59; p<0.001). There was a weak but statisti-
cally significant negative correlation between the max PDMP level and nadir platelet count (r= -
0.332, p<0.001). The max PDMP level and max PDMP/Plts ratio were higher in the DIC group
(81.48 and 9.27, respectively) than in the non-DIC group (34.88 and 2.35, p=0.001 and »p<0.001,
respectively). The max PDMP/Plts ratio was the only variable found to be independently associated
with hospital mortality according to a multivariate logistic regression analysis.

Conclusions: PDMPs are involved in the development of DIC but are not related to hospital mortal-
ity. There is a good association between the PDMP/Plts ratio and hospital mortality and/or DIC in
critically ill patients.
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Introduction

The interplay among activated platelets, neutro-

Address for correspondence: Masatsugu Ohuchi, Department
of General Thoracic Surgery, National Hospital Organization
Higashi-Ohmi General Medical Center, 255 Gochi-cho, Higashi-
ohmi-shi, Shiga, 527-8505 Japan.

E-mail: ohuchi-masatsugu@shiga-hosp.jp

Received: December 26, 2014

Accepted for publication: February 3, 2015

phils, the endothelium and monocytes in critically ill
patients can lead to endothelial injury and microvas-
cular thrombosis". This interplay essentially involves
crosstalk between the processes of coagulopathy and
inflammation. While this crosstalk has been reported
to play a key role in the development of multiple
organ dysfunction in critically ill patients”, the mech-
anisms governing this phenomenon have yet to be

established.

Microparticles (MPs) are small membrane vesi-
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cles shed from different cell types, such as platelets,
monocytes, erythrocytes, endothelial cells and granu-
locytes?®. The release of MPs from these cells is stim-
ulated by a state of cellular activation or apoptosis.
MPs contain a cytosolic content surrounded by a
phospholipid bilayer, exposing several transmembrane
proteins that are specific to their parent cells> ®. Plate-
let-derived MPs (PDMPs) are MPs released from
platelets and have strong procoagulant properties, as
they expose phosphatidylserine”. Sinauridze and
coworkers reported that PDMPs have a 50- to 100-
fold higher specific procoagulant activity than acti-
vated platelets®. Because the release of PDMPs is
stimulated by the activation of platelets, PDMPs can
be regarded as a marker of platelet activation”. In fact,
clinical studies have shown that elevation of the circu-
lating PDMP level is associated with clinical situations
related to platelet activation, such as thrombotic disor-
ders'*1.

Aside from their procoagulant activity, the levels
of circulating MPs are elevated during septic shock'*'®
and conditions of trauma'®??. Therefore, the MP lev-
els serve as a pathological marker of the procoagulant
activity and MPs function as inflammatory vascular
mediators'. Indeed, PDMPs are presumed to play an
important role in the crosstalk between coagulopathy
and inflammation.

Although the PDMP level can be used as an
index of platelet activation, the association between
the PDMP levels and outcomes of critically ill patients
has not been evaluated. In the present study, we found
out that the PDMP value per platelet ratio was associ-
ated with hospital mortality and coagulopathy in criti-
cally ill patients.

Subjects and Methods

Subjects

This prospective observational study was per-
formed in the ICU of Shiga University of Medical Sci-
ence from May 12, 2012 to January 18, 2013. Con-
secutive patients who were admitted to the 5-bed ICU
were informed about this study, and 119 patients or
their relatives provided their written informed consent
to participate in this study. The exclusion criteria were
an age of <18 years and recent cardiovascular surgery.
The patients were followed from the time of admis-
sion to the ICU until discharge from our hospital.
The research protocol was approved by the ethics
committee of our institution.

Blood Collection and Laboratory Analysis
A total of 372 blood samples were obtained via

an arterial line from the 119 patients. Routine blood
sampling for the blood cell count, blood chemistry,
blood coagulation tests and a blood gas analysis was
performed. Blood collection for measurement of the
plasma PDMP concentration was performed three
times a week in concurrence with sampling for the
routine laboratory tests described above.

The plasma PDMP level was measured using a
commercially available enzyme-linked immunosor-
bent assay (ELISA) kit (Otsuka, Tokyo, Japan) in
accordance with the manufacturer’s instructions.
Briefly, 2 ml blood samples were collected from an
arterial line into vacutainers containing ethylenedi-
aminetetraacetic acid - acid citrate dextrose solution
(EDTA-ACD, NIPRO, Osaka, Japan). The samples
were gently mixed by turning the tube upside down
and then centrifuged at 8,000 g for 5 minutes at room
temperature. Immediately after centrifugation, the
upper layer of the supernatant was collected to avoid
contamination of the platelets. The samples were
stored at —80C until the analysis. According to the
report by Osumi and coworkers who developed this
kit, 1 U/ml of PDMPs in this ELISA kit was defined
as the amount of PDMPs obtained from 24,000 solu-
bilized platelets/ml*".

The blood cell count, blood coagulation indices
and blood chemistry parameters were measured
according to routine laboratory methods. Blood coag-
ulation indices were analyzed using STACIA™ (Mit-
subishi Chemical Medience Corporation, Tokyo,
Japan). For the blood gas analysis, an ABL8000
FLEX™ (Radiometer, Denmark) was used. The plate-
let count was determined daily throughout the
patient’s ICU stay, and the nadir platelet count was

defined as the minimum platelet count during the
ICU stay.

Outcome Measurements

This study investigated the relationship between
the PDMP levels and outcomes. The primary out-
come was all-cause mortality at the time of discharge
from the hospital. The secondary outcome was a diag-
nosis of disseminated intravascular coagulopathy
(DIC) during the ICU stay. The diagnosis of DIC was
established using the Japanese Association for Acute
Medicine (JAAM) DIC criteria??. The maximum
(max) JAAM DIC score during the ICU stay was
recorded.

In this study, we converted the PDMP level to
the PDMP level per 10* platelets (PDMP/Plts ratio)
in order to eliminate the influence of the broad distri-
bution of the platelet count resulting from various
underlying patient- or disease-related factors. The max
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PDMP value and max PDMP/Plts ratio for each
patient were recorded during the ICU stay.

Statistical Analysis

The statistical analyses were performed with the
IBM SPSS Statistics 22 software package (IBM Japan,
Tokyo, Japan). Variables are expressed as the median
(interquartile range [IQR]). The Mann-Whitney U
test was applied for two-group unpaired comparisons,
and proportions were compared with the chi-square
test when necessary. A two-sided p-value of less than
0.05 was considered to indicate statistical significance.
Correlations were assessed with Spearman’s rank cor-
relation test, and univariate logistic regression analyses
were performed to examine the associations between
mortality and each of the predictors separately. Factors
initially considered in the univariate logistic analysis
to be associated with hospital mortality (p<0.10)
were included in the multivariate regression analysis
using forward stepwise elimination. A criterion of p<
0.05 for entry and p > 0.10 for removal was imposed,
respectively, in this procedure. For the final model, we
calculated the odds ratios (ORs) and 95% confidence
intervals (95% CI) for all significant predictors at the
2<0.05 level. Receiver operating characteristic (ROC)
curves were used to examine the ability of variables to
predict hospital mortality. The ROC curve represented
a plot of sensitivity vs. 1-specificity. The area under
the curve (AUC) was calculated from the ROC curve,
and the ROC curve analysis was used to identify
parameters as potential markers of the prognosis.

Results

Patients

The main characteristics of the 119 analyzed
patients are presented in Table 1. The median age was
67.0 years (range, 19 to 88 years). Twenty-one patients
died during hospitalization (mortality rate, 17.6%).
The number of patients with DIC, the max JAAM
DIC scores during the ICU stay, the Acute Physiology
and Chronic Health Evaluation (APACHE) 1 scores,
the Sequential Organ Failure Assessment (SOFA)
scores, the lactate levels, the thrombin-antithrombin
complex (TAT) levels and the D-dimer levels on
admission were significantly higher in the non-survi-
vor group than in the survivor group. The nadir plate-
let count, platelet count and antithrombin Il (AT3)
levels on admission were significantly lower in the
non-survivor group than in the survivor group.

Max PDMP Value and Max PDMP/Plts Ratio in
the Survivors and Non-Survivors

The max PDMP value was 50.67 (IQR, 20.19 -
92.73) U/ml and 69.34 (IQR, 24.24-108.75) U/ml
in the survivor and non-survivor groups, respectively,
and this difference was not statistically significant
(p=0.253, Fig.1A). However, there was a significant
difference in the max PDMP/Plts ratio when compar-
ing the survivors (median, 2.54; IQR, 0.90-5.98)
and non-survivors (median, 17.59; IQR, 3.49 -26.99,
£<0.001, Fig. 1B).

Nadir Platelet Count in the Survivors and Non-
Survivors

The nadir platelet count was 148x10° (IQR,
93.3x10°-199x10° /L and 33x10° (IQR, 17.0x
10°-63.0x10°) /L in the survivor and non-survivor
groups, and this difference was statistically significant

(p<0.001).

Correlation between the Nadir Platelet Count and
Max PDMP Value

The max PDMP values were compared between
the thrombopenia group (nadir platelet count <150
x10° /L) and the non-thrombopenia group (nadir
platelet count > 150x10° /L) (p=0.001, Fig.1C).
The max PDMP value was 76.94 (IQR, 28.24-
102.94) U/ml in the thrombopenia group and 31.37
(IQR, 16.20-65.65) U/ml in the non-thrombopenia
group, and the difference between the two groups was
statistically significant (»=0.001). The max PDMP/
Plts ratio was 6.44 (IQR, 2.62-14.85) in the throm-
bopenia group and 1.31 (IQR, 0.79-2.78) in the
non-thrombopenia group, which was also statistically
significantly different (p<0.001). There was a weak
but significant negative correlation between the max
PDMP value and the nadir platelet count (r=-0.332,
»<0.001, Fig. 1D).

Max PDMP Value and Max PDMP/Plts Ratio in
the Patients with or without DIC

Of the 119 patients, six patients were excluded
according to the JAAM DIC criteria, as thrombopenia
due to other diseases was suspected (liver cirrhosis,
n=3; drug-induced thrombopenia, 7=2; heparin-
induced thrombopenia, 7=1). Thirty-one patients ful-
filled the JAAM DIC criteria during their ICU stay,
and these patients were defined as the DIC group.
The other 82 patients were defined as the non-DIC
group. The max PDMP value was 81.48 (IQR,
39.93-108.24) U/ml in the DIC group and 34.88
(IQR, 18.55-77.19) U/ml in the non-DIC group,
which was statistically significantly different (p=0.001,
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Table 1. Baseline characteristics of the patients. Variables are expressed as the median (interquartile range)

Variable Total Survivors Nonsurvivors Pvalue
n=119 n=98 n=21
Age (years) 67.0 (53.0—74.0) 66.5 (53.0-75.0) 68.0 (54.5-73.5) 0.842
Gender, F/M 43/76 35/63 8/13 0.837
ICU stay (days) 4.0 (2.0-9.0) 40 (2.0-7.3) 6.0 (3.0-15.5) 0.024*
DIC patients during the ICU stay 31 (26.0%) 17 (17.3%) 14 (66.7%) <0.001*
Nadir platelet count (% 10°/L) 127 (66 —190) 148 (93-199) 33 (17-63) <0.001%*
The max JAAM DIC score during the ICU stay 2.0(1.0-4.0: n=13 2.0 (1.0-3.0): z=95 7.0 (43-8.0): n=18 <0.001%
Data at admission to the ICU
SIRS 7 (73.1%) 67 (68.4%) 20 (95.2%) 0.012*
APACHE T score 12 0 (9.0-20.0) 11 5(7.0-17.0) 20.0 (17.0-23.5)  <0.001%
SOFA score 0(2.0-7.0) 0 (2.0-6.0) 12.0 4.0-14.0)  <0.001*
PT-INR 1. 32 (1.17-1.54) 1. 30 (1.15-1.49) 1.44 (1.23-1.86) 0.056
Lac (mg/dl) 17.0 (11.0 - 31.0) 15.5 (9.0 - 28.0) 24.0 (17.5-57.5) 0.001*
AT3 (%) 65.5 (49.3-79.0) 68.0 (53.0-80.0) 57.0 (40.0 - 67.0) 0.013*
TAT (ng/ml) 8.25 (4.85-13.5) 7.30 (2.90-11.0) 13.20 (7.25-26.15) 0.006*
D-dimer (pug/ml) 5.10 (2.10-15.58)  3.80 (1.80—11.65)  17.70 (6.10-33.10) <0.001*
Fibrinogen (mg/dI) 294.5 (202.5-406.0)  300.0 (209.0-406.0)  245.0 (174.5-399.5)  0.265
Cause of ICU admission
Sepsis 6 (21.5%) 8 (18.4%) 8 (38.1%) 0.050
Post-operation 1 (17.6%) 9 (19.4%) 0 (0%) 0.030"
Cardiovascular disease 22 (18.5%) 1(21.4%) 1 (4.8%) 0.074
Trauma 2 (10.1%) 1(11.2%) 1 (4.8%) 0.372
Respiratory failure 5 (4.2%) 5 (5.1%) 0 (0%) 0.290
Cerebral stroke 5 (4.2%) 2 (2.0%) 3 (14.3%) 0.011*
Pancreatitis 3 (2.5%) 2 (2.0%) 1 (4.8%) 0.470
Others 25 (21.0%) 20 (20.0%) 5 (23.8%) 0.728
Underlying disease
Hypertension 63 (52.9%) 56 (57.1%) 7 (33.3%) 0.056
Diabetes millitus 24 (20.2%) 22 (22.4%) 2 (9.5%) 0.239
Therapy
Platelet transfusion 14 (11.8%) 4 (4.1%) 10 (47.6%) <0.001*
Acetylsalicylic acid 27 (22.7%) 27 (27.6%) 0 (0%) <0.001%
Clopidogrel sulfate 15 (12.6%) 15 (15.3%) 0 (0%) 0.070
Warfarin 0 (8.4%) 10 (10.2%) 0 (0%) 0.206
Statin 9 (24.4%) 27 (27.6%) 2 (9.5%) 0.098

SIRS: systemic inflammatory response syndrome, APACHE: Acute Physiology and Chronic Health Evaluation, DIC: disseminated intravascular
coagulopathy, PT-INR: prothrombin time — international normalized ratio, Lac: lactate, AT3: antithrombin I, TAT: thrombin-antithrombin com-
plex, JAAM: Japanese Association for Acute Medicine, SOFA: Sequential Organ Failure Assessment.

Fig. 1E). The max PDMP/Plts ratio in the DIC group
(median, 9.27; IQR, 4.87-18.74) was significantly
higher than the ratio in the non-DIC group (median,
2.35; IQR, 0.86-4.73, p<0.001, Fig. 1F).

Association between the PDMP Levels and Hospital
Mortality

We evaluated the association between hospital
mortality and gender, age, underlying disease, max

PDMP value, max PDMP/Plts ratio, nadir platelet
count (<150%10? /L), max JAAM DIC score during
the ICU stay and the following values on admission:
prothrombin time international normalized ratio (PT-
INR), lactate, AT3, D-dimer, TAT, fibrinogen,
APACHE 1I score and total SOFA score. The univari-
ate logistic regression analysis demonstrated that
higher PT-INR, lactate, max JAAM DIC score,
APACHE 1I score, total SOFA score and max PDMP/
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Fig.1. The results are shown as whisker boxes (the horizontal line inside the box is the median, the upper
and lower box limits are the 25-75th percentiles and the T-bars are the 10-90th percentiles)

A: Max PDMP values in the survivors and non-survivors. B: Max PDMP levels per 10* platelet (PDMP/Ples ratios)
in the survivors and non-survivors. C: Max PDMP values in the non-thrombopenia group (nadir platelet count dur-
ing the ICU stay > 150,000/ 1) and the thrombopenia group (nadir platelet count during the ICU stay < 150,000/ pl).
D: Correlation between the max PDMP value and nadir platelet count during the ICU stay. E: Max PDMP values in
the non-DIC group and DIC group. F: Max PDMP/Plts ratios in the non-DIC group and DIC group.

PDMP: platelet-derived microparticle, Max: maximum, DIC: disseminated intravascular coagulopathy
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Table 2. Independent predictors of hospital mortality according to the univariate logistic regression analysis

Variables Odds ratio 95%CI P value
Gender 1.108 0.419-2.930 0.837
Age 1.001 0.970 - 1.034 0.936
Max PDMP 1.006 0.997-1.016 0.167
Max PDMP/Plts 1.122 1.060-1.188 <0.001*
Nadir platelet count (<150x 10%/L) 4.080 1.280-13.001 0.017*
The max JAMM DIC score 1.944 1.482-2.552 <0.001*
Data at admission
PTINR 3.554 1.080-11.70 0.037*
Lac 1.029 1.009 - 1.049 0.004*
AT3 0.973 0.949 - 0.997 0.027*
D-dimer 1.029 1.010 - 1.049 0.003*
TAT 1.036 0.993-1.081 0.098
Fibrinogen 0.998 0.994-1.001 0.998
APACHE 1I score 1.139 1.061-1.223 <0.001*
SOFA score 1.305 1.161-1.467 <0.001*
Underlying disease
Hypertension 0.375 0.139-1.011 0.053
Diabetes mellitus 0.364 0.079-1.683 0.196

PT-INR: prothrombin time - international normalized ratio, Lac: lactate, AT3: antithrombin I, TAT: thrombin-anti-
thrombin complex, JAAM: Japanese Association for Acute Medicine, APACHE: Acute Physiology and Chronic Health
Evaluation, SOFA: Sequential Organ Failure Assessment, CI: confidence interval.

Table 3. Independent predictors of DIC according to the multivariate logistic regression analysis

Variables Odds ratio 95%CI Pvalue
Max PDMP/Plts 1.206 1.012-1.437 0.036*
Max JAAM DIC score 2.627 0.963-7.165 0.059
AT3 at admission 1.149 0.994-1.328 0.060
APACHE 1II score 1.192 0.968 —1.468 0.099

JAAM: Japanese Association for Acute Medicine, CI:

Plts ratio values, lower AT3 values on admission, and
thrombopenia were associated with a significantly
greater hazard of death (Table 2).

These 11 variables (p<0.10 in the univariate
logistic analysis) were entered in a multivariate logistic
regression analysis, in which hospital mortality was
the independent variable. The variables in the final
model are shown in Table 3. This model revealed that
only the max PDMP/Plts ratio (OR, 1.206; 95% CI,
1.012-1.437, p=0.036) was independently associ-
ated with hospital mortality. The correct classification
rate for the model was 87.3%.

Max PDMP/Plts Ratio for Predicting Hospital
Mortality

ROC curves were drawn to evaluate the max

confidence interval.

PDMP/Plts ratio that could be measured using only a
platelet analysis and this value was compared to com-
mon scoring systems calculated from multiple factors
(APACHE II, SOFA and max JAAM DIC score). The
AUC was calculated as 0.769+0.067 (95% CI,
0.639-0.900, p<0.001) for the max PDMP/Plts
ratio, 0.812%0.048 (95%CI, 0.717-0.907, p<
0.001) for the APACHE 1I score, 0.780 =0.062 (95%
CI, 0.659-0.902, p<0.001) for the SOFA score and
0.826%0.070 (95%CI, 0.689-0.964, p<0.001) for
the max JAAM DIC score. The optimal cutoff values
and positive likelihood ratio for hospital mortality are
shown in Table 4. A ROC curve analysis was per-
formed to compare the AUC for the max PDMP/Plts
ratio with that for the APACHE 1I score, SOFA score
and max JAAM DIC score. There were no significant
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Table 4. Area under the curve (AUC), cut-off value and positive likelihood ratio calculated according to the receiver operating

characteristic (ROC) curve

Variables AUC SE P value 95%CI Cut off value Specificity Sensitivity — Positively
likelihood
ratio
Max PDMP/Plts 0.769 0.067 <0.001%  0.639-0.900 6.54 0.806 0.667 3.438
Max JAAM DIC score 0.826 0.070 <0.001%  0.689-0.964 5.0 0.905 0.778 8.189
APACHE 11 score (at admission) 0.812 0.048 <0.001* 0.717-0.907 15.5 0.745 0.810 3.176
SOFA score (at admission) 0.780 0.062  <0.001* 0.659-0.902 6.5 0.775 0.667 2.964

AUC: area under the curve, SE: standard error, CI: confidence interval, APACHE: Acute Physiology and Chronic Health Evaluation, SOFA:
Sequential Organ Failure Assessment, JAAM: Japanese Association for Acute Medicine.

differences between the max PDMP/Plts ratio and
these scores (vs. APACHE II score: p=0.509, vs.
SOFA score: p=0.875, and vs. the max JAAM DIC
score: p=0.448).

Discussion

In the present study, the max PDMP/Plts ratio
during the ICU stay was higher in the non-survivors
than in the survivors. Moreover, the max PDMP value
and max PDMP/Plts ratio were higher in the patients
with DIC during their ICU stay than in those without
DIC, and the max PDMP/Plts ratio was associated
with hospital mortality and DIC during the ICU stay.
This is the first report to demonstrate the association
between the PDMP levels and patient outcomes and
coagulopathy in critically ill patients.

The optimal method for measuring PDMPs
remains controversial”. Flow cytometry (FCM) is
considered the “gold standard” for PDMP analyses
due to its ability to evaluate the size, surface antigens
and quantity of PDMPs. In 2010, the quantification
of PDMPs using FCM was standardized by the Inter-
national Society for Thrombosis and Haemostasis
(ISTH)*. According to the ISTH, PDMPs are
defined as being between 0.5 and 1.0 pM in size and
as annexin V+ and CD41+ double positive particles.
However, PDMP assays may consist of quantifying
assays, functional assays and morphologic assays.
Although the ISTH report was a first step towards
achieving standardization of assay methods for evalu-
ating PDMPs, studies continue to use different assay
types**?. Strasser and coworkers showed a good cor-
relation among three different methods of characteriz-
ing PDMPs and suggested that an analysis method
other than FCM should be used concurrently to
detect MPs when the PDMP size is below the limit of

detection on FCM?¥. Duarte and coworkers revealed

that the circulating levels of PDMPs found to be
either CD31+/CD42+ or CD31+/CD42b+/
annexin V+ were significantly increased in subjects
with bronchial asthma compared with those without
asthma®”. Woth and coworkers showed that different
surface antigens of PDMPs are elevated in subjects
with or without fungal infection (CD42a)*®. There-
fore, the measurement method recommended by the
ISTH, which uses only a single antigen (CD41),
might be too limited for assessing PDMPs.

The ELISA method has advantages and disad-
vantages. Obrtaining an “accurate” evaluation of
PDMPs is difficult due to many concerns. Moreover,
the size, roles and concentrations of PDMPs in the
plasma of healthy individuals have not been ade-
quately determined®” *¥. Therefore, PDMP analyses
should be interpreted with caution, taking into
account the pitfalls of each method and purpose of
the specific clinical investigation. Although FCM is a
reliable method for determining the levels of surface
antigens and evaluating the number of particles, it is
impossible to measure the amount of surface antigens
and evaluate the functional activity when using this
method. In addition, FCM cannot be used to accu-
rately enumerate MPs smaller than 0.5 pM?3?. The
ELISA method used in the present study, on the other
hand, employed two monoclonal antibodies against
platelet glycoproteins (GP), CD42b and CD42a (GP
Ib and GP IX). This method has stable reproducibil-
ity> 12139 The functional activity of PDMPs can be
evaluated using this ELISA method by measuring the
amount of antigens. Furthermore, both standardized
size PDMPs ranging from 0.5 t01.0 pM and smaller
particles (or larger particles) that cannot otherwise be
detected with FCM, are detected using this assay.
Although the ELISA method cannot detect the size or
count the number of particles, these capabilities are
advantages of this method for evaluating PDMPs.
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In the present study, there was a significant asso-
ciation between hospital mortality and the PDMP/
Plts ratio. The meaning of the PDMP/Plts ratio
should be considered. A higher PDMP/Plts ratio
might be a consequence of the association between
thrombopenia and mortality, as previously reported®>*”.
The PDMP/Plts ratio is elevated as a result of a
decreased platelet count. However, it is assumed that
the PDMP level changes with the platelet count
because PDMPs are released by platelets. Many previ-
ous reports have shown that there is a positive correla-
tion between the platelet count and PDMP level as
measured by ELISA and FCM in healthy individu-
als* 3. Moreover, Joop and coworkers used FCM
and suggested that the PDMP level is simply a reflec-
tion of the platelet count'®. Therefore, according to
the findings of several studies, the PDMP/Plts ratio
should be a constant value, regardless of the presence
of thrombopenia*-4?.

In our study using ELISA, the thrombopenia
group has significantly elevated PDMP values, and
there was a weak but significant negative correlation
between the max PDMP value and the nadir platelet
count. Therefore, the higher PDMP/Plts ratios in the
non-survivors reflect a decreased platelet count as well
as increased PDMDPs. In addition, thrombopenia was
not found to be an independent variant related to hos-
pital mortality according to the multivariate logistic
regression analysis in this study.

An elevated PDMP/Plts ratio may represent a
state of activated platelets or activated form of
PDMPs. The reason why our study did not show a
positive correlation between the PDMP level and
platelet count might be related to inflammation. For
example, Andoh and coworkers reported finding no
positive correlations between the PDMP level and
platelet count in patients with inflammatory bowel
disease'?. In contrast, there was a positive correlation
between the PDMP level and platelet count in the
patients with inflammatory disease, as measured using
FCM9, According to these studies, the amount of
antigens per particle might be increased in subjects
with inflammatory diseases, because the ELISA
method is able to measure the amount of antigens and
because the FCM method can be used to measure the
number of particles. Therefore, the finding of an ele-
vated PDMP/Plts ratio in this study has several impli-
cations. First, the number of particles too small to be
detected with FCM may be increased. Second, the
amount of antigens (GP Ib and GP IX) per particle is
increased in subjects with DIC or a poor outcome. In
both cases, the PDMP/Plts ratio in this study appeared

to be a marker of platelet activation. If the amount of

antigens per particle is increased in the context of
stimulation or inflammation, then our results are con-
sistent with those of other studies that reported an ele-
vated PDMP/Plts ratio in subjects with inflammatory
diseases' *¥. This hypothesis may account for why a
healthy individual's PDMPs do not have adverse
effects. Further research is needed to investigate this
hypothesis.

Several limitations of our study should be men-
tioned. First, the manner in which blood was drawn
could not be standardized. In this study, blood sam-
ples were drawn from critically ill patients via arterial
catheters. Second, the ELISA kit used in this study
cannot be used to identify surface markers of PDMPs
other than GPIb and GPIX. Therefore, these data
should be interpreted carefully because the PDMP
level measured with this ELISA kit does not represent
all types of PDMPs. In fact, one study that used anti-
bodies with FCM reported that subpopulations of
PDMPs reflect the platelet activation status better
than the total count of PDMPs*¥. Finally, the changes
in the PDMP level or PDMP/Plts ratio over time were
not evaluated in the present study. However, we previ-
ously reported that the average PDMP/Plts ratio of
each patient during the ICU stay is also a good predic-
tor of hospital mortality in critically ill patients®. As
this study was performed in a single center and the
patients’ backgrounds were not uniform, our results
may not be applicable to other institutions. Further-
more, a subanalysis of patients was not performed
according to the specific disease, as the groups would
have been comprised of a relatively small number of
patients. A further prospective study is thus needed to
clarify the association between the changes in the
PDMP level, coagulopathy and organ dysfunction
over time.

In conclusion, we demonstrated that the max
PDMP/Plts ratio during the ICU stay is higher in
non-survivors than in survivors and that the PDMP/
Ples ratio is associated with hospital mortality and
coagulopathy in critically ill patients. Measuring the
PDMP level is useful for monitoring coagulopathy
and evaluating the severity of disease in critically ill
patients by assessing platelet activation.

Conflicts of Interest

There are no conflicts of interest to declare in
association with this study.

References

1) Levi M, Keller TT, van Gorp E, ten Cate H: Infection



PDMP in Critically Il Patients 781

and inflammation and the coagulation system. Cardiovasc
Res, 2003; 60: 26-39
2) Nomura S, Shimizu M: Clinical significance of procoagu-
lant microparticles. J Intensive Care, 2015; 3: 2
3) Nomura S: Function and clinical significance of platelet-
derived microparticles. Int ] Hematol, 2001; 74: 397-404
4) Zwaal RE, Schroit AJ: Pathophysiologic implications of
membrane phospholipid asymmetry in blood cells. Blood,
1997, 89: 1121-1132
5) Morel O, Toti E Hugel B, Bakouboula B, Camoin-Jau L,
Dignat-George F, Freyssinet JM: Procoagulant micropar-
ticles: disrupting the vascular homeostasis equation? Arte-
rioscler Thromb Vasc Biol, 2006; 26: 2594-2604
6) Piccin A, Murphy WG, Smith OP: Circulating micropar-
ticles: pathophysiology and clinical implications. Blood
Rev, 2007; 21: 157-171
7) Nomura S, Ozaki Y, Ikeda Y: Function and role of mic-
roparticles in various clinical settings. Thromb Res, 2008;
123: 8-23
8) Sinauridze EI, Kireev DA, Popenko NY, Pichugin AV,
Panteleev MA, Krymskaya OV, Ataullakhanov FI: Platelet
microparticle membranes have 50- to 100-fold higher
specific procoagulant activity than activated platelets.
Thromb Haemost, 2007; 97: 425-434
9) Italiano JE, Jr., Mairuhu AT, Flaumenhaft R: Clinical rel-
evance of microparticles from platelets and megakaryo-
cytes. Curr Opin Hematol, 2010; 17: 578-584
10) Nomura S, Uehata S, Saito S, Osumi K, Ozeki Y, Kimura
Y: Enzyme immunoassay detection of platelet-derived
microparticles and RANTES in acute coronary syndrome.
Thromb Haemost, 2003; 89: 506-512
11) Nomura S, Imamura A, Okuno M, Kamiyama Y,
Fujimura Y, Tkeda Y, Fukuhara S: Platelet-derived mic-
roparticles in patients with arteriosclerosis obliterans:
enhancement of high shear-induced microparticle genera-
tion by cytokines. Thromb Res, 2000; 98: 257-268
12) Nomura S, Shouzu A, Omoto S, Nishikawa M, Fukuhara
S: Significance of chemokines and activated platelets in
patients with diabetes. Clin Exp Immunol, 2000; 121:
437-443
13) Andoh A, Tsujikawa T, Hata K, Araki Y, Kitoh K, Sasaki
M, Yoshida T, Fujiyama Y: Elevated circulating platelet-
derived microparticles in patients with active inflamma-
tory bowel disease. Am J Gastroenterol, 2005; 100: 2042-
2048
14) Schouten M, Wiersinga WJ, Levi M, van der Poll T:
Inflammation, endothelium, and coagulation in sepsis. ]
Leukoc Biol, 2008; 83: 536-545
15) Nieuwland R, Berckmans RJ, McGregor S, Boing AN,
Romijn FP, Westendorp RG, Hack CE, Sturk A: Cellular
origin and procoagulant properties of microparticles in
meningococcal sepsis. Blood, 2000; 95: 930-935
16) Joop K, Berckmans RJ, Nieuwland R, Berkhout J, Romijn
FP, Hack CE, Sturk A: Microparticles from patients with
multiple organ dysfunction syndrome and sepsis support
coagulation through multiple mechanisms. Thromb Hae-
most, 2001; 85: 810-820
17) Perez-Casal M, Thompson V, Downey C, Welters I, Wyn-
coll D, Thachil J, Toh CH: The clinical and functional

relevance of microparticles induced by activated protein C

treatment in sepsis. Crit Care, 2011; 15: R195

18) Delabranche X, Boisrame-Helms J, Asfar B, Berger A,
Mootien Y, Lavigne T, Grunebaum L, Lanza E, Gachet C,
Freyssinet JM, Toti F, Meziani F: Microparticles are new
biomarkers of septic shock-induced disseminated intravas-
cular coagulopathy. Intensive Care Med, 2013; 39: 1695-
1703

19) Ogura H, Kawasaki T, Tanaka H, Koh T, Tanaka R, Ozeki
Y, Hosotsubo H, Kuwagata Y, Shimazu T, Sugimoto H:
Activated platelets enhance microparticle formation and
platelet-leukocyte interaction in severe trauma and sepsis.
J Trauma, 2001; 50: 801-809

20) Reid VL, Webster NR: Role of microparticles in sepsis. Br
J Anaesth, 2012; 109: 503-513

21) Osumi K, Ozeki Y, Saito S, Nagamura Y, Ito H, Kimura
Y, Ogura H, Nomura S: Development and assessment of
enzyme immunoassay for platelet-derived microparticles.
Thromb Haemost, 2001; 85: 326-330

22) Gando S, Iba T, Eguchi Y, Ohtomo Y, Okamoto K,
Koseki K, Mayumi T, Murata A, Ikeda T, Ishikura H,
Ueyama M, Ogura H, Kushimoto S, Saitoh D, Endo S,
Shimazaki S, Japanese Association for Acute Medicine
Disseminated Intravascular Coagulation Study G: A mul-
ticenter, prospective validation of disseminated intravas-
cular coagulation diagnostic criteria for critically ill
patients: comparing current criteria. Crit Care Med,
2006; 34: 625-631

23) Lacroix R, Robert S, Poncelet P, Kasthuri RS, Key NS,
Dignat-George F, Workshop IS: Standardization of plate-
let-derived microparticle enumeration by flow cytometry
with calibrated beads: results of the International Society
on Thrombosis and Haemostasis SSC Collaborative
workshop. ] Thromb Haemost, 2010; 8: 2571-2574

24) Strasser EE, Happ S, Weiss DR, Pfeiffer A, Zimmermann
R, Eckstein R: Microparticle detection in platelet prod-
ucts by three different methods. Transfusion, 2013; 53:
156-166

25) Duarte D, Taveira-Gomes T, Sokhatska O, Palmares C,
Costa R, Negrao R, Guimaraes JT, Delgado L, Soares R,
Moreira A: Increased circulating platelet microparticles as
a potential biomarker in asthma. Allergy, 2013; 68: 1073-
1075

26) Park MS, Owen BA, Ballinger BA, Sarr MG, Schiller HJ,
Zietlow SP, Jenkins DH, Ereth MH, Owen WG, Heit JA:
Quantification of hypercoagulable state after blunt
trauma: microparticle and thrombin generation are
increased relative to injury severity, while standard mark-
ers are not. Surgery, 2012; 151: 831-836

27) Connor DE, Ma DD, Joseph JE: Flow cytometry demon-
strates differences in platelet reactivity and microparticle
formation in subjects with thrombocytopenia or throm-
bocytosis due to primary haematological disorders.
Thromb Res, 2013; 132: 572-577

28) Woth G, Tokes-Fuzesi M, Magyarlaki T, Kovacs GL, Ver-
mes I, Muhl D: Activated platelet-derived microparticle
numbers are elevated in patients with severe fungal (Can-
dida albicans) sepsis. Ann Clin Biochem, 2012; 49: 554-
560

29) Christersson C, Johnell M, Siegbahn A: Evaluation of

microparticles in whole blood by multicolour flow cytom-



782 Ohuchi et al.

etry assay. Scand J Clin Lab Invest, 2013; 73: 229-239

30) Stravitz RT, Bowling R, Bradford RL, Key NS, Glover S,
Thacker LR, Gabriel DA: Role of procoagulant micropar-
ticles in mediating complications and outcome of acute
liver injury/acute liver failure. Hepatology, 2013; 58: 304-
313

31) Agarwal B, Wright G, Gatt A, Riddell A, Vemala V, Mal-
lett S, Chowdary P, Davenport A, Jalan R, Burroughs A:
Evaluation of coagulation abnormalities in acute liver fail-
ure. ] Hepatol, 2012; 57: 780-786

32) Franca CN, Pinheiro LE Izar MC, Brunialti MK, Salo-
mao R, Bianco HT, Kasmas SH, Barbosa SP, de Nucci G,
Fonseca FA: Endothelial progenitor cell mobilization and
platelet microparticle release are influenced by clopidogrel
plasma levels in stable coronary artery disease. Circ J,
2012; 76: 729-736

33) Jy W, Horstman LL, Ahn YS: Microparticle size and its
relation to composition, functional activity, and clinical
significance. Semin Thromb Hemost, 2010; 36: 876-880

34) Nomura S, Shouzu A, Taomoto K, Togane Y, Goto S,
Ozaki Y, Uchiyama S, Tkeda Y: Assessment of an ELISA
kit for platelet-derived microparticles by joint research at
many institutes in Japan. ] Atheroscler Thromb, 2009;
16: 878-887

35) Vanderschueren S, De Weerdt A, Malbrain M, Vankerss-
chaever D, Frans E, Wilmer A, Bobbaers H: Thrombocy-
topenia and prognosis in intensive care. Crit Care Med,
2000; 28: 1871-1876

36) Wang T, Liu Z, Wang Z, Duan M, Li G, Wang S, Li W,
Zhu Z, Wei Y, Christiani DC, Li A, Zhu X: Thrombocy-
topenia is associated with acute respiratory distress syn-
drome mortality: an international study. PLoS One,
2014; 9: 94124

37) Vandijck DM, Blot SI, De Waele JJ, Hoste EA, Vande-
woude KH, Decruyenaere JM: Thrombocytopenia and
outcome in critically ill patients with bloodstream infec-
tion. Heart Lung, 2010; 39: 21-26

38) Ueba T, Nomura S, Inami N, Nishikawa T, Kajiwara M,
Iwata R, Yamashita K: Correlation and association of

plasma interleukin-6 and plasma platelet-derived mic-
roparticles, markers of activated platelets, in healthy indi-
viduals. Thromb Res, 2010: 125: €329-¢334

39) Ueba T, Nomura S, Inami N, Nishikawa T, Kajiwara M,
Iwata R, Yamashita K: Plasma level of platelet-derived
microparticles is associated with coronary heart disease
risk score in healthy men. ] Atheroscler Thromb, 2010;
17: 342-349

40) Seo JW, Kim HK, Kim JE, Park S, Cho HI: Prognostic
values of the factor Xa-activated clotting time and endog-
enous thrombin potential in patients suspected of having
disseminated intravascular coagulation. Thromb Res,
2009; 123: 565-572

41) Exner T, Joseph J, Low J, Connor D, Ma D: A new acti-
vated factor X-based clotting method with improved
specificity for procoagulant phospholipid. Blood Coagul
Fibrinolysis, 2003; 14: 773-779

42) Daniel L, Fakhouri E Joly D, Mouthon L, Nusbaum P,
Grunfeld JP, Schifferli J, Guillevin L, Lesavre P, Halbwa-
chs-Mecarelli L: Increase of circulating neutrophil and
platelet microparticles during acute vasculitis and hemo-
dialysis. Kidney Int, 2006; 69: 1416-1423

43) Shirafuji T, Hamaguchi H, Higuchi M, Kanda F: Mea-
surement of platelet-derived microparticle levels using an
enzyme-linked immunosorbent assay in polymyositis and
dermatomyositis patients. Muscle Nerve, 2009; 39: 586-
590

44) van der Zee PM, Biro E, Ko Y, de Winter R], Hack CE,
Sturk A, Nieuwland R: P-selectin- and CD63-exposing
platelet microparticles reflect platelet activation in periph-
eral arterial disease and myocardial infarction. Clin Chem,
2006; 52: 657-664

45) Ohuchi M, Hashimoto K, Ushiba A, Kishimoto T,
Hamamoto T, Tabata T, Tsujita Y, Matsushita M, Taka-
hashi K, Matsumura K, Fujino K, Eguchi Y: Plasma plate-
let-derived microparticles to platelet count ratio as a
marker of mortality in critically ill patents. Crit Care,
2014; 18(Suppl 1): P210



