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Platelet maximum aggregation rate serves as a marker in
diagnosis and prognosis in patients with sepsis
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Background: Multiple organ failure complicated by coagulation dysfunction is an important cause of death
in patients with sepsis. This study aimed to explore the clinical significance of platelet maximum aggregation
rate (MAR) in patients with sepsis and explored the relationship between MAR and prognosis to support
treatment decision-making.

Methods: Blood samples from patients with sepsis (diagnosed according to the 2016 international
diagnostic criteria for sepsis 3.0) treated between Sep 2017 and Apr 2018 were assessed. Patients were
excluded if they had any other condition or treatment that may have affected platelet function in the previous
2 weeks. A control group of healthy subjects attending the physical examination center in the same period
was also included. The MAR was measured using a whole blood platelet function analyzer (PL-12) using a
range of different inducers of platelet aggregation, and normal saline. MAR was assessed in the healthy and
septic groups, and survivors and non-survivors were compared in the sepsis group 28 days after treatment.
Results: The MAR in the sepsis group was significantly lower than that seen in the healthy group (P<0.05
for all inducers). The MAR of patients with sepsis was negatively correlated with their Sequential Organ
Failure Assessment (SOFA) scores. In the sepsis group, the MAR of non-survivors was significantly lower
than that of the survivors (P<0.05 for all inducers).

Conclusions: The platelet MAR was significantly decreased in patients with sepsis and in non-survivors.

These data may support treatment decision-making in patients with sepsis.
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Introduction assessing platelet aggregation have been developed, such

as the whole blood continuous counting platelet function

The detection of platelet aggregation began in the 1960s, analyzer PL-12, but few studies have assessed platelet

using plasma nephelometry (1). The assessment of platelet aggregation in patients with sepsis.

aggregation rate is now widely used in the management Sepsis is caused by dysregulation of the host’s response to

of patients with a range of conditions, as well as in the
monitoring of antiplatelet drug use and the in vitro

diagnostic testing of platelet function (2). New methods of
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infection and can lead to life-threatening organ dysfunction.
Septic shock refers to lactic acid levels >2 mmol/L combined
with insufficient blood volume. Organ dysfunction is
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defined as two or more organ dysfunctions according to
the Sequential Organ Failure Assessment (SOFA) scoring
system (3). Sepsis is a worldwide problem and is associated
with a mortality rate of approximately 30-50% (4).
Physiological changes and a reduction in blood coagulation
factors and platelets leads to the clotting dysfunction
characteristic of sepsis. Subsequent complications include
disseminated intravascular coagulation (DIC) and multiple
organ failure, which in turn affects the prognosis of patients
with sepsis (5). As the progression of sepsis may involve
changes in platelet aggregation, an early understanding of
platelet aggregation, allowing early intervention in patients
with sepsis, may be critical to control patient’s condition.

Methods
Patients

The study population comprised patients with sepsis
(defined by the 2016 international diagnostic criteria for
sepsis 3.0) (2) treated in the intensive care unit (ICU) of
the Xiangya Third Hospital between Sep 2017 and Apr
2018. Patients were excluded if they had blood system
diseases, immune diseases, malignant tumors, or organ
transplantation; patients were also excluded if they were
pregnant, were undergoing dialysis, or had received
anticoagulation agents, antiplatelet aggregation drugs, or
any medication that may affect platelet function in the past
2 weeks. Blood samples were taken within 24 hours, and
procalcitonin (PCT), C-reactive protein (CRP), routine
blood tests, liver and kidney function, blood culture, and
coagulation function indicators were determined. SOFA
scores were calculated over the first 24 hours after the
severe sepsis criteria had been met (6). All patients were
followed up for 30 days to determine the survival.

A control group of healthy volunteers was also included,
which comprised patients from the physical examination
center of the hospital who visited in the same period.
Subjects were excluded if they had hypertension, coronary
heart disease, diabetes, hepatitis, thrombosis, serious
infection, or other serious diseases of the heart, brain,
lung, liver, and kidney; they were also excluded if they were
pregnant or had received anticoagulation or antiplatelet
aggregation drugs in the previous 2 weeks. Blood
samples were collected on the same day to detect platelet
aggregation.

The study was conducted following the appropriate
standards of medical ethics, and the study design was
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approved by the institutional ethics committee of Xiangya
Third Hospital, Central South University (2018-S114).
Informed consent was obtained from patients or family
members.

Platelet aggregation function test

Venous blood was collected in 3 mL sodium citrate
anticoagulation vacuum plastic tubes and processed within
3 hours in accordance with the guidelines on the Evaluation
of Precision of Quantitative Measurement Procedures
produced by the Clinical and Laboratory Standards Institute
(EP05-A3) (7). Whole blood samples were pipetted into the
platelet function analyzer along with one of four inducers
[peanut four arachidonic acid (AA), adenosine diphosphate
(ADP), epinephrine (EPI), and collagen (COL)] or saline.
The PL-12 platelet analyzer, related reagents, and inducers
were supplied by Nanjing Shenzhou Yingnuohua Medical
"Technology Co., Ltd.

Assessment of coagulation function, PTC, CRP, and
biochemical function

After the diagnosis of sepsis, blood samples (10 mL) were
collected from a peripheral vein or central venous catheter
in all subjects. Samples were evaluated using the Mindray
CAL 800. Coagulation function was tested using the
automatic coagulation analyzer CS-5100. PCT and CRP
were tested using the mini IDAs immunofluorescence
quantitative analyzer using the chemiluminescence method.
Biochemical function was assessed using the Hitachi 7600-
010 automatic biochemical analyzer.

Statistical evaluation

Data were analyzed and processed using SPSS 22 statistical
software. For data with a normal distribution, mean =
standard deviation is used for descriptive analysis. Median
values and quartiles are used for nonparametric data.
Descriptive analysis was performed by the number + quartile
interval; differences between the groups (experimental and
control, survivor and non-survivor) were compared by #-test,
and the paired samples were compared. Kaplan-Meier
analysis was used to assess the relationship between 28-day
survival and the results of impedance aggregation assays. For
the classification data, descriptive analysis was performed
using the frequency and composition ratio; the comparison
between the two samples was performed by chi-square test.
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Impedance aggregation assays, diagnostic and prognostic
values for conventional biomarkers, and coagulation
indicators were also determined by multivariate analysis
using logistic regression. Correlation was performed using
linear regression analysis. Using the receiver operating
characteristic curve and the corresponding region under
the curve, the asymptotic saliency and the 95% asymptotic
confidence interval compared the impedance aggregation
measurement results with the conventional biomarkers. All

Table 1 Patient characteristics

) . Survivor, Non-survivor,
Patient characteristics N=36 N=26
Gender (male/female) 19/17 19/7

849

P values represent a two-sided probability with a test level
of a.=0.05.

Results
General data

Sixty-two patients with sepsis were treated during the study
period and met the inclusion requirements; 38 patients
were males and 24 were females, with an average age of
55.9£2.2 years. During the follow-up, 26 patients died and
36 survived. The characteristics of the patient cohort are
shown in 7able 1. The control group comprised 37 subjects,
including 21 males and 16 females, with an average age of
49.1+1.6 years.

Age, years 53.67+3.10 58.92+2.96 Platelet aggregation rate as a biomarker for diagnosis of
Bacterial infection (culture with/without)  19/17 21/5 sepsis
Fungal infection (culture with/without) 531 521 Decreased platelet aggregation was seen in patients with
Viral infection (with/without) 7/29 3/23 sepsis with all four activators (Figure I); detailed values
Liver damage (with/without) 20/16 21/5 are shown in 7able 2. As shown in Figure 2, the maximum
aggregation rate (MAR) of platelets in the ADP gro
Kidney damage (with/without) 24/12 23/3 g8res (MAR) of p , group
and EPI group was higher than that in the AA and COL
Non-septic shock/septic shock 11/51 groups.
Primary disease 29/11/8/14 Figure 3 shows the results obtained in the survivor and
(lung/urinary/digestive/other) non-survivor groups, demonstrating a lower MAR in non-
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Figure 1 Platelet aggregation using four activators and saline. ***, P<0.001; ns, P>0.05.
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Table 2 Impedance aggregometry findings and platelet count in the septic and control groups

Test (medical examig:t?ctaflpatients), N=62 Septic patients, N=37 P value
Aggregometry
AA, mean and SEM median 35-75 (quartiles) 65.75+11.21; 1.84 (62.01-69.48) 31.97+12.14; 1.54 (28.89-35.06) <0.0001
ADP, mean and SEM median, 35-75 (quartiles) 74.28+5.40; 0.89 (72.48-76.08) 38.00+15.32; 1.95 (34.11-41.89)  <0.0001
EPI, mean and SEM median, 35-75 (quartiles) 71.91+5.78; 0.95 (69.99-73.83) 36.99+15.14; 1.92 (33.15-40.84)  <0.0001
COL, mean and SEM median, 35-75 (quartiles) 61.09+11.27; 1.85 (57.34-64.85) 30.17+11.90; 1.51 (27.15-33.19)  <0.0001

Platelets, mean and SEM median, 125-350 (per nL) 162.76+26.73; 4.39 (153.84-171.67) 113.65+79.03; 10.04 (93.57-133.72) <0.0001
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Figure 2 Comparison of the platelet maximum aggregation rate
obtained with four inducers. ***, P<0.001; **, P<0.01; ns, P>0.05.
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survivors. Table 3 summarizes the results of the agglutination
assays, conventional sepsis markers, SOFA scores, and
conventional coagulation variables in the two groups.

To further compare the impedance aggregation assay
with conventional biomarkers, a receiver operating
characteristic curve was generated from the variables
(Figure 4). The area under the curve as an indicator of the
reliability of the measurements obtained from these curves,
and the significance level and confidence intervals, are
shown in 7able 4. The results show that the SOFA score
was the most sensitive indicator for diagnosis of sepsis,
and collagen used as an activator was a better biomarker
for sepsis. PCT is more sensitive than CRP in the index of
infection. Among the coagulation variables, D-dimer was
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Figure 3 Platelet maximum aggregation rate in survivors and non-survivors. *, P<0.05; ns, P>0.05.
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Table 3 Baseline data, aggregometry, infection markers, SOFA scores, and coagulation variables in survivors and non-survivors of sepsis
Indexes Survivors, N=36 Non-survivors, N=26 P value
Baseline data
Age, mean and SEM median (years) 53.68+18.59; 3.09 (47.37-59.96) 58.92+15.07; 2.96 (52.84-65.01) 0.240
Gender (F/M =24/37) F/M (10/16) F/M (13/21) 0.58
Aggregometry
AA, mean and SEM median, 35-75 (quartiles) 34.85+13.84; 2.31 (30.17-39.54) 27.99+7.93; 1.56 (24.79-31.19) 0.027
ADP, mean and SEM median, 35-75 (quartiles) 41.82+16.44; 2.74 (36.25-47.38) 32.71+12.01; 2.36 (27.86-37.56) 0.020
EPI, mean and SEM median, 35-75 (quartiles) 40.68+15.85; 2.64 (35.32-46.04) 31.88+12.68; 2.49 (26.76-37.01) 0.023
COL, mean and SEM median, 35-75 (quartiles) 33.36+12.01; 2.00 (29.30-37.42) 25.75+10.43; 2.04 (21.54-29.96) 0.012
Infection markers
PCT, mean and SEM median, 0-0.05 (ng/nL) 11.37+7.01; 1.17 (8.99-13.74) 21.08+5.14; 1.01 (19.01-23.16)  <0.001

CRP, mean and SEM median, 0-5 (mg/L)
SOFA
SOFA, (scores)
Coagulation variables
D-Dimer, mean and SEM median, 0-0.55 (mg/L)
Prothrombin activity, 70-150 (quartiles)

Antithrombin-Ill, mean and SEM median 75-125
(quartiles)

Prothrombin time, mean and SEM median, 9-14 (s)

Activated partial thromboplastin time, mean and
SEM median, 20-40 (s)

Fibrinogen, mean and SEM median, 2-4 (g/L)

8.53+4.17; 0.70 (7.12-9.94)

3.02+1.60; 0.27 (2.48-3.56)
74.85+22.31; 3.72 (67.30-82.40)
63.28+18.21; 3.03 (57.12-69.44)

13.71+2.26; 0.38 (12.95-14.48)
35.52+14.54; 2.42 (30.60-40.44)

3.74+0.54; 0.89 (3.56-3.92)

156.94+46.93; 7.82 (141.06-172.82) 203.97+69.08; 13.55 (176.07-231.87) 0.002

14.27+3.17; 0.62 (12.99-15.55) <0.001

6.04+3.22; 0.63 (4.73-7.34) <0.001
55.41+20.11; 3.94 (47.28-63.53)  0.001

52.45+17.02; 3.34 (45.58-59.33) 0.021

3.02+1.60; 0.49 (14.43-16.46) 0.006
50.67+18.15; 3.56 (43.34-58.01) 0.001

3.28+0.66; 0.13 (3.01-3.55) 0.004

Platelets, mean and SEM median, 125-350 (per nL) 134.94+90.60; 15.10 (104.29-165.60) 84.15+46.81; 9.18 (65.25-103.06) 0.011

seen to be the better biomarker of sepsis. In the logistic
regression analysis, PCT and D-dimer were seen to be
independent risk factors (Table 5).

Comparison of the maximum platelet aggregation rate and
platelet count

"The results of the impedance aggregation assay may be affected
by the platelet count. To exclude the influence of platelet
count on the impedance aggregation assay, the two variables
were compared and a correlation study was performed. The
platelet count was 163/nL. (range, 154-172/nL) in healthy
subjects and 114/nL. (93-134/nL) in patients with sepsis (Table
2). Comparison of impedance aggregation assay results and
platelet counts showed only a low correlation with each of the

© Annals of Palliative Medicine. All rights reserved.

four activators in sepsis patients (R2: range, 0.003-0.034) and
the control group (R2: range, 0.071-0.197; Figure 5).

Biomarkers for diagnosis and prognosis of sepsis

Among the coagulation markers, D-dimer, prothrombin
activity, antithrombin-III (AT-III), prothrombin time,
activated partial thromboplastin time, and fibrinogen
showed predictive significance for diagnosis and prognosis
of sepsis. The SOFA score not only diagnosed septic
disease, but also determined the prognosis of sepsis. PCT
and CRP in the infection index is of predictive significance
for diagnosis and prognosis of sepsis, among which D-dimer,
SOFA score, and PCT were excellent markers for diagnosis
of sepsis (Tables 3,4).
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Figure 4 Receiver operating characteristic curves showing the comparison of impedance aggregation assays with conventional biomarkers.

Discussion

The whole blood platelet function analyzer PL-12 is a new
platelet aggregation rate assay that relies on measuring
changes in impedance caused by platelet aggregation on
electrodes in whole blood samples (8) without the need for
centrifugation and purification. Each sample can produce
results within 6 minutes, and dual measurements in each
vial allow for automatic quality control. The cost per
measurement is also relatively low. The results of the study
presented here demonstrate that the MAR of platelets is
a good predictor of diagnosis of sepsis and the outcome
of patients with severe sepsis. Notably, among the four
activators, collagen as an activator was seen to be a better
biomarker for diagnosis of sepsis and sepsis survival.

In patients with sepsis, inhibition of platelet function
in experimental sepsis has shown promising results (9).
Platelets promote inflammation in the early stages of
infection, but subsequently inhibit cytokine release when
the inflammatory response is increased (10). Decreased

© Annals of Palliative Medicine. All rights reserved.

aggregation in patients with severe sepsis and loss of platelet
function in patients with multiple organ dysfunction
syndrome (11), especially poor prognosis, suggests that
platelet inhibition may be at a calculated risk (12). The
maximum platelet aggregation and secretion in the first
wave of aggregation is significantly reduced, and the first
wave of aggregation is usually associated with the activity
of several platelet mitochondrial respiratory chain enzymes.
Studies have shown that platelet mitochondrial respiratory
chain enzymes are inhibited during infection, mainly
through inflammatory mediators (13). Animal studies have
shown that lipopolysaccharide (LPS) enhances reactive
oxygen species (ROS) in a mouse model of LPS treatment.
Production of ROS, which activates the production of
polyethylene glycol superoxide dismutase (peg-sod), peg-
catalase, and NADPH oxidase inhibitor (DPI), thereby
enhances the inhibition of platelet aggregation by LPS,
which is related to LPS dose (14). Therefore, the more
severe the infection, the more the platelet mitochondrial

Ann Palliat Med 2020;9(3):847-857 | http://dx.doi.org/10.21037/apm.2020.04.12
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Table 4 ROC curve statistics for impedance aggregometry, infection markers, SOFA scores, and coagulation variables in septic patients

853

Indexes AUC Confidence interval P value
Aggregometry
AA 0.653 0.516-0.791 0.041
ADP 0.702 0.569-0.835 0.007
EPI 0.670 0.535-0.804 0.023
COL 0.715 0.585-0.845 0.004
Infection markers
PCT 0.872 0.786-0.958 <0.001
CRP 0.688 0.555-0.821 0.012
SOFA scores
SOFA 0.852 0.760-0.943 <0.001
Coagulation variables
D-Dimer 0.816 0.706-0.925 <0.001
Prothrombin activity 0.733 0.610-0.857 0.002
Antithrombin-Il| 0.662 0.525-0.799 0.031
Prothrombin time 0.686 0.555-0.818 0.013
Activated partial thromboplastin time 0.740 0.615-0.866 0.001
Fibrinogen 0.690 0.557-0.823 0.011
Platelets 0.680 0.545-0.814 0.017

SOFA, Sequential Organ Failure Assessment; AA, arachidonic acid; ADP, adenosine diphosphate; EPI, epinephrine; COL, collagen; PCT,

procalcitonin; CRP, C-reactive protein.

Table 5 Logistic regression analysis for COL, PCT, SOFA score, and D-dimer in septic patients

Variables B S.E. Wald df P Exp(B)
CcoL -0.024 0.040 0.345 1 0.557 0.977
PCT -0.235 0.088 7.167 1 0.007 0.790
SOFA -0.222 0.123 3.230 1 0.072 0.801

D-Dimer -0.523 0.249 4.426 1 0.035 0.593

SOFA, Sequential Organ Failure Assessment; COL, collagen; PCT, procalcitonin.

respiratory chain enzymes are inhibited and the lower the
platelet aggregation rate. This is also consistent with the
results of the current study. Once activated, platelets release
TxA2 and ADP molecules, which amplify platelet activation
exponentially through autocrine or paracrine pathways.
In sepsis-related dysfunction, the cyclooxygenase pathway
may change to reduce the response to AA, thereby reducing
the affinity for fibrinogen (15), collagen receptors, and

© Annals of Palliative Medicine. All rights reserved.

coagulation in sepsis. The agonist of the enzyme receptor
(PAR-1) is affected by the defect that leads to the level of
intracellular transduction pathway; thus collagen and AA-
induced MAR will decrease (16). This is consistent with the
results of the current study, which show that COL and AA-
induced platelet aggregation is consistent with ADP and
EPI-induced platelet aggregation.

Thrombocytopenia in patients with sepsis is closely
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Figure 5 Comparison of impedance aggregation assay results with platelet counts. (A) Experimental group (septic patients); (B) control

group (healthy medical examination patients).

associated with poor outcomes and higher mortality (17).
This fact was also confirmed in the single factor study of
sepsis in the current study, in which the platelet count in
the non-survivor group was seen to be significantly lower
than that in surviving patients. Sepsis is often associated
with coagulopathy, and it is estimated that >80% of patients
with sepsis have varying degrees of clinical or subclinical
coagulopathy, which also increases the mortality risk (18).
In addition, AT-III is an important antithrombin in the
body, which can consume a large amount of thrombin
and inhibit the endotoxin-induced inflammatory reaction.
Studies have shown that patients with sepsis will have a
decrease in AT-III levels, which can be used as a prognostic
indicator (19). Approximately 35% of cases of severe
sepsis are accompanied by DIC (20). DIC can cause a
series of reactions, such as platelet depletion, coagulation
system and anticoagulant system activation, complement
activation, and neutrophil activation (21). In patients with
DIC, the coagulation cascade and fibrinolytic system are
simultaneously activated. As DIC develops, prothrombotic
and antithrombotic factors, as well as fibrinolytic and

© Annals of Palliative Medicine. All rights reserved.

antifibrinolytic factors, are consumed resulting in a
hemorrhagic or thrombotic state. This positive feedback
loop is promoted by the immune system and the
coagulation pathway (22). Sepsis-associated coagulopathy
(SAC) can promote DIC and multiple organ failure (23).
Platelet activation is mainly caused by bacteria, not
sepsis-related thrombocytopenia (24). Platelet activation
markers have been seen to be significantly elevated in SAC
patients compared with healthy individuals. This increase
is independent of platelet counts, and markers of platelet
activation in SAC are primarily regulated by the number of
circulating platelets and may be independent of factors that
contribute to their endogenous consumption (25). As shown
in the current study, the relationship between platelet count
and platelet aggregation was not significant.

Study on surviving and non-surviving sepsis patients has
demonstrated that the presence of abnormal coagulation at
admission is independently association with increased short-
and medium-term mortality (26). Studies have also shown
that D-dimer and FDP levels can distinguish between
ICU patients with and without sepsis and are a statistically

Ann Palliat Med 2020;9(3):847-857 | http://dx.doi.org/10.21037/apm.2020.04.12
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significant, time-dependent predictor of survival (27). These
data are also consistent with the results of the current study.

Neutrophils phagocytose and eliminate microbes
through oxidative and non-oxidative mechanisms, which
plays an important role in the host’s inflammatory response
to invading pathogens (28). Neutrophils are therefore
thought to be the main participants in the host’s immune
response to sepsis (29), as they contain highly toxic
proteolytic enzyme granules that can be released to form
neutrophil extracellular reticular traps (NETs). DNA
constitutes a reticular structure involved in immunity (30).
Studies have shown that neutrophils from patients with
sepsis show increased production of ROS, which is highly
toxic to host tissues (31). NETs also have potential adverse
effects on host tissues during sepsis (32); therefore, excessive
stimulation of neutrophils is thought to be responsible for
multiple organ failure during sepsis (33). It has also been
demonstrated that neutrophils are associated with the
condition of patients with sepsis. In a mouse model of sepsis,
LPS resulted in a rapid and transient increase in systemic
cytokine levels and peripheral vascular resistance (34).
Cytokines are endogenous polypeptides or glycoproteins
that are induced by tumor necrosis factor, and changes in
pro-inflammatory cytokines and CRP play an important
role in septic shock or multiple organ failure (35). PCT
has been suggested as a reliable biomarker for predicting
sepsis (36). The concentration of PCT became apparent as
time elapsed after LPS injection. And the degree of sepsis
is significant over time, and this study also confirmed that
PCT, CRP, and other infectious markers play an important
role in diagnosis and prognosis of sepsis.

The SOFA score ranges from 0 to 24, with a score of 0-6
being associated with an expected mortality rate <10%; a
score of 13—14 is associated with a 50% mortality rate, and a
score >15 indicates a mortality rate of 90% (37). Therefore,
the higher the score, the greater the risk of death. In
the current study, the importance of the SOFA score for
diagnosis of sepsis and the predictability of prognosis was
also confirmed.

Conclusions

The results of the current study suggest that early detection
of platelet aggregation on the first day of ICU admission
may serve as a new and reliable biomarker for sepsis. It can
also be used to assess changes in the patient’s condition and
to guide treatment. A decrease in platelet aggregation rate
caused by infection is not necessarily dependent on platelet
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count. The whole blood platelet function analyzer PL-12
is a new type of platelet aggregation detection method that
has the potential to facilitate assessment in clinical practice.
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