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Objective: Platelet activation has been implicated in microvas-
cular thrombosis and organ failure. We tested the hypothesis that
antiplatelet drugs favorably affect outcome in patients nonelec-
tively admitted to an intensive care unit.

Design: Retrospective cohort study.
Setting: A 22-bed intensive care unit of a tertiary care center.
Patients: Six hundred fifteen consecutive patients admitted to an

intensive care unit within 24 hrs after hospitalization were enrolled,
approximately 25% of whom received antiplatelet drugs (acetylsali-
cylic acid, clopidogrel) for secondary prevention of vascular disease.
Impact of antiplatelet drugs and established risk factors on mortality
were assessed by logistic regression and 2 � 2 table analysis.

Interventions: None.
Measurements and Main Results: Patients on antiplatelet drugs

were markedly older and presented higher Acute Physiology and
Chronic Health Evaluation II scores on intensive care unit admission.
There was no significant difference in injury severity scores in
trauma patients with (21 �range, 13–29�) or without antiplatelet
drugs (18 �range, 12–29�). Using logistic regression analysis, a sig-
nificant reduction of mortality was estimated for the use of antiplate-

let drugs in various subgroups of patients with normal or high
bleeding risk (odds ratios, 0.04–0.34). Significant benefit was also
estimated by 2 � 2 table analysis of Acute Physiology and Chronic
Health Evaluation II-matched samples (Acute Physiology and Chronic
Health Evaluation II >20) of internal medicine patients and/or pa-
tients receiving medical treatment. No significant benefit but also no
harm of antiplatelet drugs was estimated in Acute Physiology and
Chronic Health Evaluation II-matched samples of patients with in-
creased bleeding risk: patients from surgery departments overall,
patients with surgical treatment, trauma, active bleeding, or trans-
fusion (odds ratios, 0.51–0.88).

Conclusions: Our data are consistent with prevention of organ
dysfunction by antiplatelet drugs, which may be masked in some
patients by concomitant bleeding risk. Antiplatelet drugs might
offer a novel therapeutic option to prevent organ failure, at least
in the absence of active bleeding. This hypothesis warrants test-
ing in a prospective trial. (Crit Care Med 2010; 38:32–37)

KEY WORDS: antiplatelet drugs; critical illness; fatal outcome;
multiple organ failure; sepsis
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Sepsis and multiple organ fail-
ure are leading causes of death
in critically ill patients. Activa-
tion of circulating blood plate-

lets is a common feature of systemic in-
flammation and sepsis (1–3). Activation
of platelets results in their sequestration
in the microvasculature, and thrombocy-
topenia is a marker of poor outcome in
critically ill patients (4). Platelets are not
only one of the major players in hemo-
stasis and thrombosis, but they are also
considered inflammatory cells (5, 6).
Platelets might not only contribute to
organ failure by thrombotic microangi-
opathy and disseminated intravascular
coagulation, but also by modulating in-
flammatory responses (1, 2, 7, 8). Thus,
the question arises whether drugs that
inhibit platelet activation such as acetyl-
salicylic acid or clopidogrel that are
widely used in the secondary prevention
of cardiovascular, cerebrovascular, and
peripheral arterial thrombosis may have a
benefit in critically ill patients. However,
because antiplatelet drugs increase bleed-
ing risk, they may counteract any poten-
tial benefit either on microcirculation or
inflammation. Consistently, antiplatelet
drugs are discontinued when patients are
admitted to a surgical intensive care unit
(ICU). The use of antiplatelet drugs in
critically ill patients has scarcely been
studied so far. There are only few reports
on antiplatelet drugs in animal models of
endotoxin-induced inflammatory re-
sponses and/or organ failure. Taylor et al
(9) and Pu et al (10) have shown that
infusion of antagonists of the platelet
GPIIb/IIIa receptor, that is, the most
powerful inhibitors of platelet aggrega-
tion (11), into baboons and rabbits de-
creases endotoxin-induced ischemic or-
gan damage and lethality. Conflicting
data have been reported on clopidogrel in
endotoxinemia. Clopidogrel is an irre-
versible inhibitor of the platelet P2Y12
receptor and blocks the effect of ADP on
platelet activation (12). No significant ef-
fects of clopidogrel on hemostatic and
inflammatory responses were observed in
pigs infused with Escherichia coli endo-
toxin (13), whereas in endotoxin-treated
mice, clopidogrel reduced not only plate-
let activation, but also reduced platelet-
mediated activation of neutrophils as well
as endotoxin-induced tumor necrosis fac-
tor-� and interleukin-1� upregulation
(14, 15). We are not aware of data on
effects of acetylsalicylic acid (ASA), the
most widely used antiplatelet drug (16,
17), in critical illness or models of endo-

toxemia. However, there are several re-
ports indicating that even low doses of
ASA inhibit inflammatory reactions such
as increase in plasma levels of proinflam-
matory cytokines or C-reactive protein in
patients with cardiovascular or cerebro-
vascular disease (18, 19). In an animal
model of atherosclerosis, low-dose ASA
was found to inhibit upregulation of nu-
clear factor �B, a central transcription
factor in inflammation and cell death reg-
ulation, in the vessel wall (20).

The aim of our present study was to
test the hypothesis that antiplatelet
drugs, that is, ASA or clopidogrel, as they
are used in atherosclerotic patients, have
an impact on the outcome in patients
developing life-threatening conditions
not necessarily associated with their un-
derlying cardiovascular disease such as
acute infection, emergency surgery, and
trauma. Thus, as a first approach, we an-
alyzed data from more than 600 consec-
utive emergency admissions of whom ap-
proximately 25% were either on low-dose
ASA or clopidogrel. Because both drugs
irreversibly inhibit platelet activity, we
could expect to see their possible effects
for at least 1 week even when the drugs
were discontinued on admission.

PATIENTS AND METHODS

The design of this retrospective study that
analyzed consecutive patients who were admit-
ted over a period of 2 yrs to a 22-bed ICU of a
tertiary care center was approved by the local
ethical committee. Informed consent was ob-
tained from patients or next of kin before any
clinical and laboratory data from a patient record
were evaluated. Only patients who were admit-
ted to the ICU within 24 hrs after arrival in the
hospital were included. Exclusion criteria were
elective surgery, transfer from an ICU of another
hospital, age �18 yrs, and pregnancy. According
to these criteria, data from 615 patients could be
evaluated. Three hundred sixty-one patients re-
ceived only medical treatment and 254 patients
underwent surgery.

Information regarding the use of antiplate-
let drugs for secondary prevention of cardio-
vascular, cerebrovascular, or peripheral arte-
rial diseases before hospitalization was
obtained from the case histories of the pa-
tients. Acute Physiology and Chronic Health
Evaluation (APACHE) II scores and Injury Se-
verity Scores (ISSs) were recorded on ICU
admission. “Bleeding” was defined as any
bleeding event documented in the patient
files. Red blood cells, blood platelets, or fresh–
frozen plasma were administered at the dis-
cretion of the physician in charge. Transfusion
status (defined as administration of any blood
product as specified previously), information

on mechanical ventilation, catecholamine
treatment, continuous venovenous hemodi-
afiltration, and infection were similarly as-
sessed from the files.

The clinical end point of the study was
death during ICU treatment (nonsurvivor) or
discharge from the ICU.

Statistical analysis was performed with SPSS
13.0 for Windows (SPSS, Chicago, IL). If not
otherwise indicated, data are presented as me-
dian with interquartile range given in brackets.
Significance is developed at p � .05. Mann-
Whitney U test was performed for comparing
unpaired samples and chi-square test was used
for comparing frequencies. Stepwise logistic re-
gression was used to evaluate the impact of var-
ious variables on mortality. Forward and back-
ward conditional selection of variables at
significance levels of p � .05 and p � .1, respec-
tively, led to identical results. Odds ratios were
calculated either by logistic regression or by 2 �
2 table analysis (chi-square test).

RESULTS

Epidemiologic and Clinical Data. Sev-
enty-one percent of the 615 patients were
admitted to the ICU either primarily
through the local emergency room (52%)
or from general wards of the local inter-
nal and surgical departments (19%). The
remaining 29% of patients who were first
admitted to another hospital or medical
center were secondarily brought to the
unit within 24 hrs. Approximately two
third of the patients had been allocated to
the surgical departments and one third to
the medical departments; one patient
came from the department of gynecology
(Table 2). One hundred seventy-five pa-
tients were admitted with trauma (ISS �
20 �12–29�), including 143 patients with
craniocerebral injury and 115 patients
with multiple trauma (ISS 	16). Approx-
imately 60% of all patients presented
signs of active bleeding on admission or
during the ICU stay; in 40% of patients,
intracranial bleeding was diagnosed.
Thirty-six percent of all patients needed
transfusions. Three hundred sixty-one
patients received only medical treatment,
whereas 254 patients underwent surgery.

One hundred fifty-four of the 615 pa-
tients were on antiplatelet drugs at the
time of admission to the hospital. One
hundred twenty-nine patients were on
ASA (maximum dosage 160 mg/day), 10
had received clopidogrel (maximum dos-
age 75 mg/d), and 15 a combination of
ASA plus clopidogrel. As a result of the
low numbers of patients receiving clopi-
dogrel or ASA 
 clopidogrel, we did not
perform subgroup analyses.
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Patients using antiplatelet drugs were
markedly older by approximately 16 yrs
and had higher APACHE II scores at ad-
mission when compared with patients
not using such medication (Table 1). The
differences in the APACHE II score were
not only the result of the difference in
age, but also the result of higher values of
the acute physiology score and chronic
health points. No differences were ob-
served in the Glasgow Coma Scale. De-
spite the marked differences in age and
APACHE II score, patients receiving anti-
platelet drugs had the same mortality as
those without such pre-existing medica-
tion (37 vs. 38%; Table 1). There were
also no differences between patients with
and without antiplatelet drugs in respect
to the length of ICU stay (6 �2–18� vs. 6

�2–18� days), the frequency of infections
(53% vs. 48%), sepsis (both 45%), me-
chanical ventilation (86% vs. 84%), con-
tinuous venovenous hemodiafiltration
(14% vs. 9%), or treatment with cat-
echolamines (56% vs. 50%).

In all subgroups of patients stratified
according to allocation to departments
(internal medicine, surgery), type of
treatment (medical or surgical), trau-
matic injuries, or presence of active
bleeding, the pre-existing medication
with antiplatelet drugs was associated
with markedly higher APACHE II scores,
but there were no significant differences
in mortality (Table 2).

Although not significantly different,
trauma patients with antiplatelet drugs
had slightly higher ISSs when compared

with patients without such pre-existing
medication (21 �13–29� vs. 18 �12–29�).
This was also true for patients with mul-
tiple trauma (28 �18–40� vs. 26 �19–36�)
or craniocerebral injury (ISS: 25 �17–43�
vs. 20 �14–29�).

Time Course of Platelet Count. An ef-
fect of the premedication with antiplatelet
drugs could be clearly demonstrated by dif-
ferences in the time course of the platelet
count after ICU admission (Fig. 1). The
initial drop in platelet count with a nadir at
day 3 after ICU admission as well as the
recovery, which started to surmount the
initial values at day 8 to 10, was blunted in
patients with antiplatelet drugs when com-
pared with control subjects.

Logistic Regression Analysis. As a re-
sult of the large differences in age and
APACHE II score but no differences in
mortality between patients with and
without pre-existing medication with an-
tiplatelet drugs, logistic regression was
applied to evaluate the influence of anti-
platelet drugs on outcome. In a first step
with outcome (survival/nonsurvival) as
the dependent variable and age, gender,
APACHE II score, and pre-existing medi-
cation with anti-platelet drugs as inde-
pendent variables, only gender was found
to have no significant effect on mortality.
Pre-existent medication with antiplatelet
drugs reduced the odds ratio for mortal-
ity by a factor of approximately 5,
whereas an increase of APACHE II score

Table 1. Age, gender, APACHE II score, and mortality in patient with and without pre-existing
medication with antiplatelet drugs

Antiplatelet Drugs

pNo Yes

n 461 154
Age, yrs 56 �41–71� 72 �63–79� �.0001
Male/female, % 57.0/43.0 57.4/42.6 .835
APACHE II score 19 �13–19� 25 �19–32� �.0001

Acute physiology score 9 �6–13� 13 �8–16� �.0001
Chronic health points 0 �0–0� 5 �0–5� �.0001
Glasgow Coma Scale score 5 �0–10� 5 �1–10� �.359
Age points 3 �0–5� 5 �3–6� �.0001

Intensive care unit mortality, % 38.4 36.8 .760

APACHE, Acute Physiology and Chronic Health Evaluation.

Table 2. Characterization of patients with and without pre-existing medication with antiplatelet drugs according to place of primary admission, allocation
to treatment specialization, trauma injury, bleeding, and type of treatment

Patient Characteristics n

Without Antiplatelet Drugs With Antiplatelet Drugs

n, % APACHE II Mortality, % n, % APACHE II Mortality, %

Primary admission from
Local emergency room 321 77 19 (13–25) 35 23 26 (21–33)a 39
Local wards 118 61 22 (14–26) 45 39 28 (19–33)c 39
Other hospitals/medical centers 176 81 19 (13–24) 41 19 23 (19–30)b 48

Allocation to departments
Internal medicine 222 65 24 (17–30) 46 35 27 (21–33)c 36
General surgery 61 66 18 (13–24) 35 34 24 (18–34)d 38
Trauma surgery 89 89 14 (8–20) 9 11 24 (16–33)c 40d

Neurosurgery 242 81 19 (13–23) 46 19 25 (18–30)a 38
Gynecology 1

Trauma 181 88 16 (10–22) 19 12 25 (18–30)a 27
Multiple trauma (Injury Severity Score 	16) 117 87 18 (12–24) 25 13 27 (20–31)a 33
Craniocerebral injury 144 87 17 (12–22) 21 13 26 (20–31)a 21

Active bleeding 378 82 18 (12–24) 37 18 26 (19–31)a 43
With transfusion 163 76 19 (13–24) 28 24 27 (20–31)a 36
Intracranial bleeding 245 78 19 (14–23) 44 19 25 (19–39)a 41

Type of treatment
Conservative/medical 361 72 21 (15–27) 50 28 26 (21–33)a 40
Surgical 254 79 17 (12–22) 23 21 24 (18–31)a 31

APACHE, Acute Physiology and Chronic Health Evaluation.
Significant differences between patient without and with antiplatelet drugs: ap � .0001; bp � .001; cp � .01; dp � .05.
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by 1 point or age by 1 year was associated
with an increase in odds ratio by 16% and
4%, respectively (Table 3). Because pa-
tients who died within the first 24 to 48
hrs after ICU admission may introduce a
bias to the effects of antiplatelet drugs on
mortality, we repeated the analysis ex-
cluding the 185 patients with a stay of
less than 48 hrs. Compared with the en-
tire cohort, the effect of the pre-existing
medication on mortality was only slightly
increased (odds ratio, 0.19 �0.12–0.33� vs.
0.22 �0.12–0.40�).

Next we tested the effect of antiplatelet
drugs on outcome in subgroups of pa-
tients with special focus on patients with
high bleeding risk. Patients who were al-
located to surgery (general, trauma, or
neurosurgery) had even a more favorable
effect of antiplatelet drugs compared with
internal medicine patients (odds ratios,
0.26 �0.13–0.53� vs. 0.15 �0.07–0.32�).
The benefit in the surgical patients re-
sulted from the large cohort of neurosur-
gical patients for whom a mortality odds
ratio as low as 0.12 (0.04–0.30) was cal-
culated (Table 4).

When patients were grouped accord-
ing to the actual treatment (medical or
surgical) irrespective of the department
to which they were allocated or any other
indications of increased bleeding risk
such as trauma, signs of active bleeding,
or need for transfusion, a pre-existing
medication with antiplatelet drugs was
associated with a slightly more favorable
odds ratio for mortality in patients with
medical treatment when compared with
those with surgical treatment (Table 4).

Using logistic regression, a very high
benefit from a pre-existing medication
with antiplatelet drugs was also estimated
for patients with trauma, that is, odds
ratios as low as 0.04 to 0.06 were calcu-
lated irrespective of medical or surgical
treatment. Such benefit was also ob-
served in patients with multiple trauma
and/or craniocerebral injuries (Table 4).
As mentioned, patients with antiplatelet
drugs had slightly higher ISS when com-
pared with those without such medica-
tion.

Even for patients with signs of active
bleeding, including intracranial bleeding,
or those needing transfusion, a signifi-
cant benefit of antiplatelet drugs was es-
timated by logistic regression (Table 4).

Two � Two Table Analysis in Sub-
groups of Patients According to APACHE
II Scores. As a second approach to evalu-
ate a possible benefit of a pre-existing
medication with antiplatelet drugs, we
divided all patients into subgroups ac-
cording to the quartiles of APACHE II
scores to better match patients without
and with pre-existing medication with
antiplatelet drugs. Odds ratios for mor-
tality of approximately 1.0 were obtained
when either all patients or patients with
low APACHE II scores (first and second
quartiles) were considered. However,
when disease was more pronounced, that
is, APACHE II scores at admission were
�15, odds ratios �0.5 were observed in-
dicating a benefit of antiplatelet drugs on
outcome (Fig. 2).

In analogy to the stepwise logistic re-
gression as described in Table 4, we per-
formed 2 � 2 table analyses with corre-
sponding APACHE II-matched subgroups
with low and high bleeding risk. We used
a cutoff of APACHE II 	20 to get nearly
matched groups, 207 without and 110
with antiplatelet drugs, and APACHE II
scores of 26 (23–30) and 29 (25–35), re-
spectively (p � .00001). In this analysis,
internal medicine patients had a signifi-
cant benefit of a pre-existing medication
with antiplatelet drugs that was slightly

lower when compared with the odds ratio
obtained with logistic regression (Table
4). In contrast to logistic regression, the
2 � 2 table analysis failed to provide a
significant benefit of antiplatelet drugs in
patients from the surgery departments
(Table 4). However, a still significant ben-
efit was estimated for neurosurgery pa-
tients with an odds ratio of 0.32 (0.12–
0.84). We did also not observe significant
effects (benefit or harm; odds ratios rang-
ing from 0.42–0.88) in the APACHE II-
matched subgroups of patients with
trauma, active bleeding, and/or transfu-
sion and surgical treatment. However, a
highly significant benefit was calculated
for patients with medical treatment irre-
spective of any risk factors of bleeding
(Table 4).

DISCUSSION

In the present study, we performed a
retrospective analysis on the effect of a
pre-existing medication with antiplatelet
drugs on the mortality in critically ill
patients who were submitted to the ICU
within 24 hrs after hospitalization. Six
hundred fifteen patients were enrolled
and approximately 25% of them were on
antiplatelet drugs because they had ath-
erosclerotic cardiovascular, cerebrovas-
cular, or peripheral arterial occlusive dis-
ease. Such vascular diseases have a high
prevalence in elderly subjects. Consis-
tently, patients with antiplatelet drugs
were approximately 16 yrs older than
those without antiplatelet drugs. The
higher age as well as the advanced ath-
erosclerosis may be the main reasons for
the higher APACHE II score of patients
with antiplatelet drugs at the time of ICU
admission when compared with their
control cohort; nevertheless, patients
with antiplatelet drugs had both higher
chronic and acute APACHE II subscores.

The two types of antiplatelet drugs
that had been given to the present patient
cohort, that is, ASA and clopidogrel, in-
hibit irreversibly platelet functions. Clo-
pidogrel interacts with the purinergic
P2Y12 receptor, and this receptor plays a
crucial role in platelet activation (11, 12,
21). There is also some evidence that
P2Y12 receptors should be involved in the
function of neuronal cells (21). ASA pref-
erentially inhibits cyclo-oxygenase-1,
which is constitutively expressed in plate-
lets as well as gastric mucosa cells and
has much less effect on cyclo-oxygen-
ase-2 that is upregulated in various cell
types during inflammation (17, 22).
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Figure 1. Time course of platelet count (mean �
SEM) on admission to the intensive care unit
(ICU) in patients without (open circles) and with
antiplatelet drugs (filled circles). Days with a sig-
nificant difference (p � .05) are indicated by an
asterisk.

Table 3. Odds ratio for mortality in all patientsa

Variable Odds Ratio
95% Confidence

Interval

Age 1.04 1.03–1.06
APACHE II 1.16 1.12–1.19
Antiplatelet drugs 0.19 0.12–0.33

APACHE, Acute Physiology and Chronic
Health Evaluation.

aThe model of stepwise logistic regression
included age, gender, APACHE II score, and pre-
existing medication with antiplatelet drugs as
independent variables.
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Platelets are anucleated cells and have a
very limited capacity of protein synthesis.
Thus, even after withdrawal of antiplate-
let medication, an inhibition of platelet
function by either ASA or clopidogrel is
maintained for at least 1 week, whereas
other cells that may be affected by the
inhibitors can quickly overcome an inhi-
bition by either drug as a result of de
novo synthesis of enzyme and receptor
proteins (17, 22). This was the rationale
for the present analysis and is consistent
with the time course of platelet count as
shown in Figure 1. Critical illness with
systemic inflammatory response is
known to result in a drop in platelet
count, which is followed in case of patient
survival by a recovery with a maximum
that exceeds the basal values (4). We
could show here that a pre-existing med-
ication with antiplatelet drugs diminishes
both the drop as well as the maximum

after recovery of the platelet count. The
observed blunting of this phenomenon is
compatible with the long-lasting effect of
both ASA and clopidogrel on platelet
function.

The retrospective analysis clearly indi-
cated that critically ill patients had a ben-
efit when they were on antiplatelet drugs
before the event that caused hospitaliza-
tion and ICU treatment. This benefit is at
least obvious as long as ICU survival is
considered. To establish the benefit, we
used two approaches: 1) stepwise logistic
regression with the use of antiplatelet
drugs and age, gender as well as APACHE
II score as established mortality risk fac-
tors as independent variables; and 2) di-
rect comparison of APACHE II-matched
patients without and with antiplatelet
drugs, that is, we included only patients
with an APACHE II score 	20. In both
approaches, the premedication with anti-

platelet drugs was associated with a
marked reduction in mortality as indi-
cated by the estimated odds ratios.

An important aim of our study was to
evaluate whether patients with increased
bleeding risk have also a benefit of a pre-
existing medication with antiplatelets.
Therefore, we paid special interest to pa-
tients with trauma and/or surgery as well
as patients with active bleeding and/or a
need for transfusion. Using logistic re-
gression with all patients of the respec-
tive subgroups, we observed significant
benefits in all subgroups of patients. Sur-
prisingly, patients allocated to surgery
departments, in particular neurosurgery
patients, as well as patients with trauma,
including multiple and/or craniocerebral
trauma, or patients with intracranial
bleeding had the highest benefit from a
pre-existing medication with antiplatelet
drugs. However, one has to consider that
the benefit of anti-platelet drugs in some
of the subgroups of patients could be
overestimated as a result of a bias caused
by rather small numbers of patients with
antiplatelet drugs and the enormous dif-
ferences in age and APACHE II scores
between patients with and without anti-
platelet drugs. Thus, results obtained by a
direct comparison of APACHE II-matched
subgroups of patients might provide a
more realistic figure. Two � 2 table anal-
ysis that included only patients with an
APACHE II score 	20 did not reveal any
significant effect of antiplatelet drugs in
patients allocated to surgery departments
but a favorable effect maintained in neu-
rosurgery patients. There was also no sig-
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Figure 2. Effects of antiplatelet drugs on outcome (odds ratios of mortality) in all patients (�) and
in subgroups of patients according to the quartiles of Acute Physiology and Chronic Health Evaluation
(APACHE) II scores (f).

Table 4. Effects of antiplatelet drugs on outcome in subgroups of patientsa

Subgroups of Patients

Stepwise Logistic Regression 2 � 2 Table Analysis

N OR 95% CI N OR 95% CI

Allocation to departments
Internal medicine 78/144 0.26 0.13–0.53 61/93 0.36 0.18–0.75
General surgery 21/40 0.24 0.04–1.31 13/17 0.87 0.15–5.00
Trauma surgery 10/79 0.92 0.06–13.6 6/17 3.67 0.38–42.1
Neurosurgery 46/196 0.12 0.04–0.30 30/79 0.32 0.12–0.84

Trauma 22/159 0.06 0.01–0.35 15/47 0.51 0.51–2.02
Multiple trauma (Injury Severity Score 	16) 15/102 0.04 0.01–0.35 11/35 0.56 0.11–2.63
Craniocerebral injury 19/125 0.04 0.01–0.32 14/40 0.56 0.13–2.40

Active bleeding 68/319 0.23 0.12–0.47 48/128 0.71 0.34–1.48
With transfusion 39/124 0.34 0.12–0.90 49/72 0.82 0.20–2.20
Intracranial bleeding 46/191 0.13 0.05–0.34 32/82 0.42 0.16–1.05

Type of treatment
Medical 101/260 0.20 0.11–0.36 77/145 0.32 0.17–0.59
Surgical 54/200 0.24 0.10–0.61 32/62 0.88 0.34–2.26

APACHE, Acute Physiology and Chronic Health Evaluation; OR, odds ratio; CI, confidence interval.
aOdds ratios of mortality were calculated either by a stepwise model of logistic regression with age, gender, APACHE II score, and pre-existing

medication with antiplatelet drugs as independent variables or by 2 � 2 table analysis in APACHE II-matched subgroups of patients. n � numbers of
patients with/without antiplatelet drugs.
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nificant effect in patients with trauma,
active bleeding, or surgical treatment.
However, it is important to note that in
neither of these subgroups was an odds
ratio 	1.0 observed, indicating that the
pre-existing medication with antiplatelet
drugs may not worsen the outcome. In
accordance with the logistic regression
performed in subgroups of the entire co-
hort, 2 � 2 table analyses provided a
significant benefit not only in internal
medicine patients and/or patients who re-
ceived only medical therapy, but also in
neurosurgery patients who are consid-
ered to have a high risk of bleeding. The
benefit in neurosurgery patients may be
in accordance with the observation of a
strong trend of benefit in APACHE II-
matched patients presenting intracranial
bleeding (odds ratio, 0.42 �0.16–1.05�).

Both statistical analyses that were ap-
plied to evaluate an effect of a pre-
existing medication with antiplatelet
drugs on the ICU survival of critically ill
patients provided good evidence that two
groups of patients may have a substantial
benefit: 1) internal medicine patients
and/or patients who did not undergo any
surgical treatment; and 2) neurosurgery
patients. Considering the results of both
analyses, it is also obvious that neither of
the subgroups of patients who may be at
increased risk for bleeding as defined in
our study have a significant disadvantage
of a pre-existing medication with anti-
platelet drugs.

With respect to a reduction of organ
failure and mortality in critically ill pa-
tients by a pre-existing medication, it re-
mains to be elucidated whether such ben-
efit is only the result of a reduced
prothrombotic potential of platelets or
whether it is also the result of modula-
tion of the systemic inflammatory re-
sponse. Platelets are known to modulate
inflammatory reactions, including gene
expression of inflammation-relevant
genes in monocytes (5, 6, 23, 24), and it
was recently reported that inhibition of
platelets by clopidogrel reduces neutro-
phil activation and cytokine production
in endotoxin-treated mice (14, 15). In a
similar animal model, we could show that
clopidogrel not only reduces the forma-
tion of microthrombi in lungs, but also
modulates the gene expression in blood
leukocytes as assessed by DNA microarray
technique (25).

It seems to be worth mentioning again
that the benefit of the pre-existing med-

ication with antiplatelet drugs was also
evident in patients with high bleeding
risk such as in neurosurgery patients.
Thus, the contribution of an antiplatelet
therapy to unfavorable bleeding may have
been overestimated in the past. Such
conclusion is in line with a recommended
perioperative continuation of an anti-
platelet medication. The risk for a cardio-
vascular or cerebrovascular event result-
ing from withdrawal of the drugs is
considered to be superior to bleeding
complications when medication is con-
tinued (26, 27).

In light of these results, the current
practice to discontinue antiplatelet drugs
should be tested in a prospective trial.
Furthermore, antiplatelet drugs might
offer novel therapeutic options to prevent
organ failure.
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