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ABSTRACT

Background: Reassessment of the platelets rolein
the various pathogenic mechanisms that have been recently
implicated in sepsis-related coagulopathy has not yet been
made. The aim of this study was to elucidate the effect of
sepsis on platelet adhesiveness, aggregation, and growth
factor release.

Setting: Radioisotopes department, Nuclear Research
Center, in Collaboration with Clinical Pathology Depart-
ment, Faculty of Medicine, Cairo University.

Patients and Methods: Platelets' count and function
were investigated in 30 patients with sepsis. Agonist
induced platelet aggregation was measured using three
agonists (ADP, collagen, arachidonic acid [A.A]). Release
of vascular endothelial growth factor (VEGF) and platelet
derived growth factor (PDGF), were measured using
immunoradiometric (IRMA) assay. Expression of platelet
adhesion molecules was measured using flowcytometry
(fibrinogen binding, glycoprotein V and p-selectin expres-
sion).

Results: All patients with sepsis exhibited thromb-
ocytopenia that was related to the severity of illness and
associated with bad outcome. Agonist-induced platelet
aggregation was consistently reduced in patients, specially
with AA.

Platel et aggregation decreased regardless of the platel et
count or thrombin generation, rather, correlated to the
severity of sepsis. Flowcytometric analysis, revealed
significantly reduced fibrinogen binding, maintained
CD42a, and significantly elevated CD62p. VEGF and
PDGF release were significantly increased as compared
to normal controls.

Conclusion: These results suggest that sepsis induces
a complex regulation of platelets function, with redistri-
bution of platelets' role from heamostasis towards other
functions including inflammatory response and vascular
healing. These changes occur even when the platelet count
is normal, independent of thrombin generation.
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INTRODUCTION

Platel et function can be seen as a succession
of overlapping events involving adhesion, ag-
gregation, secretion, and promotion of proco-
agulant activity. All patients with sepsis have
an activated coagulation system, which may
range from minor changes in highly sensitive
molecular markers for hypercoagulability to
full blown disseminated intravascular coagula-
tion (DIC) with intravascular fibrin deposition
and consumption of platelets and coagulation
factors [1,2]. Ongoing systemic activation of
coagulation does not only lead to microvascular
failure with obstruction of the blood supply to
various organs; thereby, contributing to organ
failure, but also plays a central role in the
inflammatory response to severe infection and
sepsis [3]. The various mechanisms that are
important for the derangement of coagulation
in sepsis have been elucidated in the last 10-15
years. The focus has mainly been on plasma
coagulation proteins, activated inflammatory
cells expressing cytokines and tissue factor, and
perturbed endothelial cells, which play central
role in the impaired anticoagulant function,
fibrinolysis, and potentially as a source of tissue
factor expression [4]. Sepsisisaclear risk factor
for thrombocytopenia in critically ill patients
and the severity of sepsis, correlates with the
decrease in platelet count [5,6]. Studies on plate-
let function in sepsis have yielded conflicting
results. Many investigators reported endotoxin-
induced platelet accumulation and enhanced
platelet aggregation in animal models [7-9]. In
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vitro, bacterial compounds such as lipopolysac-
charide and staphylococcus aureus lipoteichoic
acid can bind to platelets and endothelial cell
membranes in patients with sepsis and inhibit
platelet aggregation [10]. On the other hand,
sepsis-generated cytokines did not seem to
activate human platelets either directly or via
thrombin [11]. Several clinical studies have
reported decreased platel et aggregability during
sepsis[12,13], whereas, Gawaz et al. [14] reported
increased platelet aggregability.

Platelet a-granules contain vascular growth
factors, such as vascular endothelial growth
factor (VEGF), platel et-derived growth factor
(PDGF), and platelet factor 4 (PF-4), which are
released during aggregation. VEGF is a potent
angiogenic factor regulating proliferation, dif-
ferentiation, and survival of microvascular
endothelium [15]. PDGF contributes to endot-
helial repair and angiogenesis [16,17] but little
is known about their regulation during the septic
response.

In the present study, we studied platel et
aggregation, adhesion, and growth factor release
in patients with sepsisin order better to define
sepsis-related alterations in platelet functions
and delineate platelets' position into the new
insights in the pathogenesis of sepsis-related
coagul opathy.

SUBJECTSAND METHODS

Subjects and study design:

Platelet aggregation, adhesion and growth-
factor release were investigated in 30 patients
with sepsis of recent onset (14 patients uncom-
plicated sepsis admitted to the medical, surgical,
gynecological units of Cairo University hospi-
tals, and 16 critically ill patients admitted to
intensive care unit (ICU) of Cairo University
hospital. Fifteen healthy volunteers matched
for age and sex were included as normal con-
trols. Healthy volunteers had no evidence of
infection and had not received antibiotics or
non steroidal anti-inflammatory drugs (NSAID)
within the 10 days prior to the study.

Diagnosis of sepsis was established by hav-
ing at least one positive blood culture and/or
an identified focus of infection. Severity of the
disease was assessed according to the Acute
Physiology and Chronic Health Evaluation
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(APACHE) Il score [18], and the Sequential
Organ Failure Assessment (SOFA) score [19].
Presence of at least one organ failure related to
sepsiswas considered as severe sepsis, presence
of sustained sepsis-related hypotension neces-
sitating the administration of vasopressor agents
was defined as septic chock.

The criteriafor DIC were those defined by
the subcommittee on disseminated intravascular
coagulation of theinternational society of throm-
bosis and haemostasis (based on platelet count,
soluble fibrin monomers, prothrombin concen-
tration, and fibrinogen concentration) score
above 5 was considered as DIC [20].

Exclusion criteria were; blood creatinine
>2.5mg/dl at entry, administration of heparin
or drugs affecting prostanoid synthesis. How-
ever, antibiotics could not be avoided, although,
some of them may affect platelet functions.

Methods:

5ml of venous blood were collected in 3.8%
sodium citrate tubes with the ratio of 9:1. Blood
samples were withdrawn on the day of admis-
sion to the ICU from patients with severe sepsis,
and at the onset of sepsisin patients who devel-
oped sepsis during hospitalization.

Whole blood (500ml) was used for flow-
cytometry; platelet rich plasma (PRP) was im-
mediately prepared from the remaining blood
sample by centrifugation at 90xg for 10 min.
Platelet poor plasma (PPP) was prepared from
PRP by a second centrifugation at 2000xg for
15 min. PRPwas used for assessment of platel et
aggregation and growth factor release. PPPwas
frozen at -70°C for use in the measurement of
thrombin generation and growth factor release.
PRP from healthy volunteers was sequentially
diluted in their PPP to match the low platel et
countsin PRP of the thrombocytopenic patients
with sepsis.

* Thrombin generation assessment was done
by enzyme-linked immunoassay (ELISA) meth-
od using 4 commercial kits to measure, throm-
bin-antithrombin (TAT) complex (Enzygnost
TAT), prothrombin fragment 1+2 (Enzygnost
F1+2) and soluble fibrin monomers (Enzygnost
SF), al produced by Boehring®, Schwalbach,
Germany. D-dimer was measured using Mini
Vidas DDI, Biomereux®, Letoile, France Kit.



Somaya E.T. Soliman & Rania A. Zayed

* Platelet aggregation was assessed accord-
ing to the manufacturer's instructions using
lumiaggregometer (Chrono-log Corp, Haver-
town, PA, USA). The agonists used were: 500
pg/ml arachidonic acid (Biol Data Corporation),
5um ADP (Roche, Mannheim, Germany) and
2.5ug/ml collagen (Chrono-log corp. Haver-
town, PA, USA). Agonist induced aggregation
was recorded graphically for 10 min. Results
were given as aratio of percentage aggregation
of the patients in relation to the healthy controls
with the closest platel ets count after dilution.

*VVEGF and PDGF measurement:

To evaluate in vitro growth factor release,
the supernatant of the aggregation induced by
collagen was collected after centrifugation at
2000xg to remove aggregates and free remaining
platelets and was kept at -70°C for determination
of VEGF and PDGF content by Immunradio-
metric assay (IRMA) technique using the kits
(Human VEGF, IRMA, and Human PDGF-AB
IRMA) produced by LINCO Research St-
Charles Missouri 63304, USA. The sensitivity
of the test for VEGF was 9pg/ml and for PDGF
was 8.4pg/ml. The amount of growth factor
released in vitro per million platelets was cal-
culated as described by Yagouchi et al. [13] from
the formula:

G.F. released per G.FinPRP-G.Fin PPP 106

6 ; _
10 plateletsin pg= No. of plateletsin PRP sample

*Measurement of platelet adhesion by flow
cytometry:

* Avidity of GP IIb/Illa for fibrinogen was
studied with the use of directly fluorescein
isothiocyanate (FITC) stained fibrinogen (Da-
ko, Glostrup, Denmark).

e The adhesion molecule glycoprotein V in-
volved in von-Willebrand factor rolling
(CD42a), was studied using FITC-stained anti
CD42a produced by Immunotech, Marseille,
France.

* a-granule secretion was studied by detection
of P-selectin expression with the use of FITC-
stained monoclonal anti CD62p, produced by
Becton Dickinson.

Platel ets were stained with FITC-conjugated
mouse monoclonal antibodies against CD42a,
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CD62p, fibrinogen and with the appropriate
isotype matched control monoclonal antibody.
After 15 min incubation at room temp, the
platelets were fixed in 1ml 1% paraformaldhyde
in edta phosphate-buffered saline. Data were
acquired using FACScan flowcytometer (Coulter
Epics, Elite). Platel ets were defined as events
fitting the platelet size and complexity in log
scale forward and side scatter and expressing
fluorescence in the FL3 channel. The median
fluorescence intensity (MFI) was used to depict
molecule expression on the platel et surface.

Satistical analysis:

All values were expressed as mean+SD (nor-
mal distribution) or median+SD (Scewed data).
Data were analyzed by unpaired student t-test
(normal distribution) or Mann-Whitney U-test.
Pearson's correlation coefficient was used for
correlations.

p< 0.05 was considered to be statistically
significant.

RESULTS

Clinical diagnosis of the patients included
in the study, isolated micro-organisms from
blood culture, and antibiotic therapy used are
shown in Table (1). Demographic data and
clinical classification of the studied patients
according to severity of illness and coagulation
status are shown in Table (2). Of the 30 patients
14 had uncomplicated sepsis (47%) and 16 had
severe sepsis or septic shock (53%). The healthy
control group included 10 males and 5 females
with mean age of 39+9 years, and median plate-
let count of 240x103+90x103/mm3 (range 180-
380x103/mms3). Thrombocytopenia was evident
in patients and correlated positively with severity
of illness, 53% of patients had platelet count
<150x103/mm3, and 56.6% showed count
<100x103/mm3, as shown in Table (2).

Platelet aggregation assessment reveal ed
significantly reduced aggregation ratio in all
the patients compared to diluted matched-count
PRP of the controls, regardless of the agonist
used. Patients were divided into 3 groups ac-
cording to their platelet counts, those with
platelet count >180x103/mm3 (8 sepsis and 2
complicated sepsis), those with platelet count
between 180x103 and 100x103/mm3 (3 sepsis
and 9 complicated sepsis), and those with low
platelet count <100x103/mm3 (3 sepsis and 5
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complicated sepsis). Results of platelet aggre-
gation with different agonists in relation to
severity of illness are presented in Table (3).
Platel et aggregation was more severely reduced
in patients with severe sepsis than in those with
uncomplicated sepsis, the difference being par-
ticularly significant in patients with thrombocy-
topenia. The most sensitive pathway to sepsis-
induced alteration in platelet aggregation was
the cyclo-oxygenase pathway with arachidonic
acid (AA) inducing 48% maximal aggregation
in patients with normal platelet count and 12%
in thrombocytopenic patients (Table 3). Platelet
aggregation was similarly altered in patients
with and without DIC, unless there was throm-
bocytopenia. (Table 4).

Thrombin generation assessment reveal ed
that, there was neither correlation between
soluble fibrin monomer, D-dimers, TAT and
F1+2 and DIC status, nor, the aggregation ratio
related to ADP, AA, and collagen in all patients.
(Table 5).

Flowcytometric analysis revealed that the
activated conformation of GP I1b/Illa assessed
by FITC-stained fibrinogen binding was signif-
icantly decreased in patients after platelet acti-
vation by collagen, whereas, the ex-vivo expres-
sion of the adhesion molecule CD42a involved
in von-willebrand rolling revealed no significant
change in patients as compared to controls.
Results are shown in Table (6). Alpha-granule
secretion as detected by the expression of P-
selectin (CD62p) with collagen activation was
significantly increased in patients compared to
controls (p<0.05). The difference being mark-
edly significant in patients with uncomplicated
sepsis. (Table 6). VEGF release by platelets
after collagen activation was significantly in-
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creased in all patients. (Table 7). PDGF release
was also significantly increased in all patients.
The increase in both VEGF and PDGF release
was more significant in uncomplicated sepsis
than in severe sepsis, and in patients without
DIC than in those with DIC. Results are repre-
sented in Table (7). There was no correlation
between thrombin generation and VEGF or
PDGF release regardless of the patient's platel et
count.

Table (1): Clinical diagnosis, isolated organisms, and therapy

in patients.
No of patients

Clinical diagnosis:

* Purperal sepsis and septic abortions 5

* Appendicular abscess and abdominal 4

sepsis
* Post-splenectomy pneumonia 5
or overwhelming sepsis

* Diabetic foot 6

* Pyelitis and pyelonophritis 3

* Foreign body 3

» Magjor trauma and severe lacerations 4
Isolated organisms:

* Escherichiacoli 12

* Staphylococcus aureus 9

* Klebsiella 6

* Pseudomonas aeruginosa 3
Antibiotics, used:

» Aminopenicillin 12

* Cephalosporins 27

* Aminoglycosides 16

* Vancomycin 10
Vasoactive agents in septic shock:

» Dopamine 10

» Dopamine and norepinephrine 4

 Dobutamine 2

Table (2): Demographic dataand clinical classification of the patients (n=30) according to severity of illness and the occurrence

of DIC (mean £SD).

Severity of illness Coagulation status
. Sever sepsis/

Sepsis sentic shock No DIC DIC
Number of patients 14 (47%) 16 (53%) 13 (43.4%) 17 (56.6%)
Age (years) 40+10 50+9 40+13 5614
Male: female 9:5 10:6 9:4 14:3
APACHE Il score 9+4 15+4* 1346 15+7
SOFA score 2+1 T4 4+3 8+4**
Platelet count x103/mms3 210+90 140+100* (53.4%) 200+90 80+30** (56.6%)
Number of non survivals 0 14 (87.5%) 5 (39.3%) 17 (100%)

* p<0.05 sepsis Vs. severe sepsis/ septic shock, ** p<0.05n0DICVs. DIC.
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Table (3): Maximal aggregation (%) induced by different agonist in patientsin relation to severity of illness (mean +SD).
Platelet count No of 5um 2.5 pg/ml 500 pg/ml
x103/mm3 patients ADP collagen AA
>180x103/mm3 Sepsis 8 80+1 7045 636
Severe sepsis 2 71+6* 68+3* 58+3*
<180x103/mm3 Sepsis 3 81+2 704 51+8
>100x103/mm3 Severe sepsis 9 70+2* 65+1* 48+13*
<100x103/mm3 Sepsis 3 69+3 65+1 43+2
Severe sepsis 5 40+4** 43+19** 1242%*
* p<0.05sepsis Vs. severe sepsis, ** p<0.01 sepsisVs. severe sepsis.
Table (4): Maximal aggregation (%) induced by different agonist in patients with and without DIC (mean+SD).
Platelet count No of 5um 2.5 pg/ml 500 pg/ml
x 103/mm3 patients ADP collagen AA
>180 x 103/mm3 No DIC 8 80+1 7015 63+6
DIC 0 - - -
<180 x 103/mm3 No DIC 5 8016 69+3 51+8
>100 x 103/mm3 DIC 7 79+2 70+1 48+13
<100 x103/mm3 No DIC 0 - - -
DIC 10 45+41* 43+16* 12+2*

p < 0.05 thrombocytopenia Vs. normal platelet count, otherwise, p > 0.05 for DIC Vs.

Table (5): Thrombin generation in the studied patients (median+SD).

Coagulation Soluble fibrin D-dimers Thrombin-Anti Prothrombin
status monomer mg/L ng/ml -thrombin pg/L fragment 1+2
Normal values 0-17 <500 1.04.1 0-1.1
All patients 30 28.1+10.3 1890+1150 15.0+£21.2 1.9+£0.93
>180x103/mm3 No DIC 8 26.9+6.5 1531+960 10.8+10.5 1.9+0.93
DIC 0 - - - -
<180x103/mm3 No DIC 5 27.3x14.4 2010+1200 14.2+14.6 1.9+£1.0
>100x103/mm3 DIC 7 28+6.3 2080+1233 14.9+11.9 2+0.86
<100x103/mm3 No DIC 0 - - - -
DIC 10 30.4+£10.1 2210+1260 20£30.4 2.4%£0.5

N: number of patients. Markers of thrombin generation did not correlate to DIC status (p > 0.05).

Table (6): Flowcytometric analysis for platelet adhesion molecules and P-selectin expression. (MFI+SD) (median fluorescence
intensity on FL3-channel linear scale).

Patients (n=30)

Collagen induced

activation Control (n=7)

Sepsis (n=14) Severe sepsis/septic shock

(n=16)
Fibrinogen binding 740+25 415+150* 300+96**
CD42a 481+70 400+85 403+80
CD62p 420+130 608+120** 536+100*

* p<0.05Vs. control, ** p<0.01Vs. control.
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Table (7): PDGF release and VEGF release induced by collagen in patients and controls in relation to severity of illness and

DIC status (median+SD).

Patients (n=30)

Collagen induced Control Severity of illness Coagulation status
release n=15 -
Sepsis Severe sepsis/ No DIC DIC
(n=14) (n=16) (n=13) (n=17)
PDGF pg/lO6 platelets 12+6 28.9+£10.4** 21.4+16* 28.1+13* 20.3+£11*
VEGF pg/106 platelets 15+11 36+15.1%* 28.6+13.9* 30.1+12** 28.5+10.6*

* p<0.05Vs. control, ** p < 0.01 Vs. control.

DISCUSSION

In the present study, all patients with sepsis
had an activated coagulation system. We ob-
served that sepsis was a clear risk factor for
thrombocytopenia in critically ill patients
(53.4% <150x103/mm3 and 56.6% <100x103 /
mms3), and the severity of sepsis correlated with
the decrease in platelet count. It was previously
reported that, the incidence of thrombocytopenia
(platelets <150x103/mm3) in critically ill pa-
tients was 34-44%, whereas, platelet count of
less than 100x103 was seen in 20-25% of pa-
tients, and 12-15% of patients had platelet count
<50x103/mm3 [21]. Mavromattis et al. [22] and
Akcaet al. [23] reported that, the platelet count
in patients with sepsis decreased during the first
4 days in the intensive care unit, this decrease
was correlated to the severity of sepsis. The
mechanism by which thrombocytopeniain sep-
sis occurs, however, is not completely clear.
Impaired production of platelets from the bone
marrow may seem contradictory to the high
levels of platelet production-Stimulating pro-
inflammatory cytokines, such as tumor necrosis
factor alpha (TNF-a) and interleukin (IL-6),
and high concentration of circulating throm-
bopoietin in patients with sepsis. These cytok-
ines and growth factors should theoretically
stimulate megakaryopoiesis in the bone marrow
[24]. However, in a substantial number of pa-
tients with sepsis marked hemophagocytosis by
monocytes and macrophages may occur, hypo-
thetically, due to stimulation with high levels
of macrophage colony-stimulating factor (M-
CSF) in sepsis [25]. Platelet consumption may
also play an important role in patients with
sepsis, due to ongoing thrombin generation
(which isthe most potent activator of platelets
in vivo) [26].

In the present study, we observed that platel et
functions can be regulated separately in sepsis,
with reduced aggregation, maintenance of ad-
hesion molecule expression, increased a-granule
secretion (1 P-selectin expression) and modu-
lation of growth factors with increased VEGF
and PDGF release. The decrease in platelet
aggregation was related to the severity of sepsis.
Flowcytometry confirmed this aggregation de-
fect, demonstrating concomitant reduction in
fibrinogen binding on the platelets of septic
patients. These changes were observed even in
patients with normal platelet count or low DIC
score, and were completely independent of
thrombin generation. Similar results were re-
ported by Yaguchi et al. [13]. At first sight, this
result can be interpreted in two ways. It may
be that there is decreased platelet aggregation
in sepsis, but, amore likely explanation is that
an increased platelet aggregation activity in
patients with sepsis will lead to circulating
platelets that are already activated and will not
aggregate in an ex-vivo setting. The assembly
of several coagulation factor complexes, such
as the tenase or prothrombinase complexes, will
be markedly facilitated if a suitable phospho-
lipids surface is available, and occurs in vivo
on the membrane of activated platelets [27]. In
the setting of inflammation induced activation
of coagulation, platelets can be activated directly
by endotoxin [28] or by pro-inflammatory me-
diators, such as platelet activating factor [29].
Once thrombin is formed, this will activate
additional platelets. In the present study, regard-
less of the severity of sepsis, platelets preserved
normal expression of the adhesion molecule
CD42a (involved in von-Willebrand binding),
suggesting that the ability of platelets to adhere
is probably preserved, even, when aggregation
induced by this agonist was profoundly affected.



Somaya E.T. Soliman & Rania A. Zayed

Thisfinding evokes a defect at the intracellular
transduction pathway rather than down regula-
tion of surface receptors. The most affected
pathway was found to be the cyclo-oxygenase
pathway with arachidonic acid. In accordance
with these findings, Lundahl et al. observed
that platelets had decreased fibrinogen binding
capability in responseto AA, which was corre-
lated with a poor outcome [30]. In contrast to
aggregation, a-granule secretion function was
enhanced with increased p-selectin (CD62P)
expression on platelet surface. Similar results
have been reported by Salat et a., who observed
higher expression of CD62P in patients with
sepsis, but with alow level of statistical signif-
icance [31]. However, Gawaz et al. [14] and
Yaguchi et al. [13] reported unmodified expres-
sion of P-selectin on the platelet surface. Previ-
ous studies have shown that expression of P-
selectin on the platelet membrane not only
mediates the adherence of plateletsto leukocytes
and endothelial cells, but, also enhances the
expression of tissue factor on monocytes [29].
The molecular mechanism of this effect relies
on nuclear factor kappa-B (NFK-B) activation,
induced by binding of activated platelets to
neutrophils and mononuclear cells [29]. P-
selectin can be relatively easily shed from the
surface of the platelet membrane and soluble
P-selectin levels have indeed been shown to be
increased during systemic inflammation [32].
We also, observed, enhanced release of VEGF
and PDGF in patients with sepsis compared to
the control group. Thisincrease occurred mainly
in patients with uncomplicated sepsis, ho DIC,
low thrombin generation and normal platelet
count. Since platelets have no nucleus, this
observation suggests that changes in a-granule
content may occur at the megakaryocyte level,
probably, as a result of the inflammatory re-
sponse [33]. Yaguchi et d., intheir study reported
differential release of growth factors from plate-
letsin patients with sepsis, with increased VEGF
and unchanged PDGF release [13]. Results of
the present study, suggest that, platelet release
of inflammatory mediators and growth factors
may be another link between activation of co-
agulation and inflammation, moreover, it adds
to previously accumulated knowledge on the
role of plateletsin sepsis, suggesting that, sepsis
induces a redistribution of platelet function
from haemostasis towards other functions, in-
cluding vascular healing.
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Conclusion:

Platel ets seem to occupy one of the essential
crossroads in the complex interaction between
inflammation and coagulation, not only by
facilitating and propagating thrombin generation
(which in itself will further activate platelets)
but also, by being an important mediator of
growth factor and adhesion molecule activity.
More research on the role of platelet activation
in sepsis will undoubtedly be helpful in further
unraveling the pathogenesis of sepsis and in
understanding the tight crosstalk between in-
flammation and coagulation.
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