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Ventilator Associated Pneumonia (VAP) or as
recently called Intensive Care Unit Acquired
Pneumonia (ICUAP) is the pneumonia that may
occur as early as within the first 48 hours after in-
tubation [1] and is the most frequent infection
among patients receiving mechanical ventilation.
ICUAP not only prolongs the duration of me-
chanical ventilation but also increases the mortal-
ity rate [1–3].

Thrombocytopenia is one of the most com-
mon laboratory abnormalities among Intensive
Care Unit (ICU) patients. It is difficult to deter-
mine the cause of thrombocytopenia in ICU and
it is often multi-factorial. Whatever the cause,
thrombocytopenic patients are shown to have
higher mortality rates and longer hospital stays
[4–6]. The aim of this study was to evaluate the re-
lationship between platelet count and ICUAP.

Principles: Intensive Care Unit Acquired Pneu-
monia is the most frequent infection among pa-
tients receiving mechanical ventilation and has an
important impact on patient mortality. Thrombo-
cytopenia is one of the most common laboratory
abnormalities in Intensive Care Unit (ICU). The
aim of this study was to evaluate the relationship
between platelet count and Intensive Care Unit
Acquired Pneumonia (ICUAP).

Methods: Medical records of 41 mechanically-
ventilated pulmonary ICU patients having at least
one ICUAP were reviewed. The date of first
ICUAP, etiologic pathogens, platelet count at
admission, the nadir value within seven days 
before and after the date of ICUAP, development
of thrombocytopenia (platelet <100 � 103/mm3),
acute physiology and chronic health evaluation
(APACHE) II scores on admission, medications
and events that can effect platelet count and other
laboratory values were noted.

Results: The meantime for the first ICUAP was

13 ± 10.3 days after ICU admission. The nadir
platelet count associated with ICUAP (ICUAP-
platelet count) was seen on 12.1 ± 11.3th day after
ICU admission; with a significant fall (30% fall)
when compared to admission platelet count
(platelet counts are 157.2 ± 87.4 � 103/mm3, 
224.1 ± 106.3 � 103/mm3 respectively, p <0.001).
Fifteen of the 41 patients had an episode of throm-
bocytopenia during their ICU stay and these pa-
tients had a higher mortality rate than nonthrom-
bocytopenics (mortality rates are 80% and 50% re-
spectively, p = 0.05).

Conclusion: Besides the proven role of throm-
bocytopenia in prognosis in ICU, the significant
fall in platelet count can be an early warning pa-
rameter and possible diagnostic hint for severe in-
fections in ICU such as ICUAP.
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Summary

Introduction

Methods

Medical records of mechanically-ventilated patients
followed-up in our pulmonary ICU between February
2001 and March 2003 were reviewed. Forty-one patients
having ICUAP were enrolled in the study. The first
ICUAP episode after ICU admission was taken into ac-
count. The following information was recorded: 1) age,
gender, the cause of ICU admission, prognosis and the
length of ICU stay, 2) the onset day of first ICUAP and

the etiologic pathogens, 3) platelet count at admission, the
nadir platelet count within seven days before and after the
date of ICUAP (ICUAP associated nadir platelet count:
ICUAP-platelet count), development of thrombocyto-
penia during ICU stay, 4) acute physiology and chronic
health evaluation (APACHE II) score [7] on admission, 
5) clinical pulmonary infection score (CPIS) on the day of
onset of ICUAP [8], 6) the sepsis-related organ failure
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assessment (SOFA) score on the onset day of ICUAP [9]
7) presence of sepsis and overt disseminated intravascular
coagulation (DIC) (before or within 48 h after the diagno-
sis of ICUAP), 8) presence of monitoring equipment, ie,
arterial catheter, central venous catheter, 9) drugs ordered
for at least four days during the first week or a week be-
fore the ICUAP episode that can alter platelet counts, ie,
unfractionated or low-molecular-weight heparin, H2-an-
tagonist, furosemide, beta-lactam antibiotics, teicoplanin,
piperacillin-tazobactam 10) blood transfusions 11) labo-
ratory values including complete blood count, coagulation
parameters on the onset day of ICUAP 12) the presence
of an infection other than ICUAP. 

Definitions

ICUAP: The diagnosis was made in the presence 
of both microbiological confirmation [growth of >10–5

colony-forming units/mL of microorganism on endotra-
cheal aspirate (ETA)], and clinical criteria: a new radio-
logical infiltrate after being in hospital for more than 72 h
and two of the following: a) body temperature >38 ° C or
<35 ° C; b) white blood cells >10,000/mm3 or <3000/mm3;
c) macroscopically purulent tracheal aspirate [3].

Onset day of ICUAP: Regular ETA cultures were taken
every second or third day in ICU and also at the time of
suspicion of pneumonia. Within the definition of ICUAP

above, in the presence of consistent clinical findings, the
day the positive ETA culture was taken was considered the
onset day of ICUAP.

Thrombocytopenia: Platelet counts were determined
daily throughout the ICU stay by an automated cell
counter. Thrombocytopenia was defined as a platelet
count <100 � 103/mm3.

Sepsis: The criteria for sepsis used in this study have
been previously reported [10].

DIC: Overt DIC was defined as reported by Taylor Jr
et al. [11]. In the presence of a severe infection known to
be associated with DIC (in this study ICUAP); platelet
count, D-Dimer, prolongation of prothrombin time and
fibrinogen levels were scored as reported.

Statistics

Data were analysed by using SPSS for windows re-
lease 10.0.1 (SPSS, Chicago, IL). Values were expressed as
mean ± SD. Continuous variables were compared with
Student’s t-test for normally distributed variables and the
Mann-Whitney U test for nonnormally distributed vari-
ables. The chi-square or Fisher’s exact test was used to
compare categorical variables. The Spearman test was
used for correlations. All p values were two-tailed, and a 
p of <0.05 was considered statistically significant.

Results

In this series of 41 patient the most common
etiologic factor for ICU admission was chronic
obstructive pulmonary disease (COPD). Patient
characteristics are seen in table 1. No source of in-
fection was found other than ICUAP in the study
population during the study period.

ICUAP-platelet count was seen on the 12th day

after admission, one day before the onset of
ICUAP, and there was a significant fall (30% fall)
when compared to the admission platelet count (p
<0.001) (figure 1). The median value for ICUAP-
platelet was 138 � 103/mm3 and only eleven of 41
patients had ICUAP-platelet <100 � 103/mm3.

Single microorganisms were identified in 36 of

Clinical features (n: 41)

Sex M/F 14 / 27

Age, yr 70.4 ± 13.0

Aetiologic factor for ICU admission

COPD 16 (39%)

Community Acquired Pneumonia 11 (26.8%)

Neuromuscular disease 4 (9.8%)

Asthma 3 (7.3%)

Congestive heart failure 2 (4.9%)

Bronchiectasis 1 (2.4%)

Pulmonary Thromboembolism 1 (2.4%)

Obesity hypoventilation 1 (2.4%)

Idiopathic Pulmonary Fibrosis 1 (2.4%)

Lung Cancer with obstructive pneumonia 1 (2.4%)

Time between ICU admission and first ICUAP* (days) 13.0 ± 10.3

Time between ICU admission and the occurrence of ICUAP-platelet** (days) 12.1 ± 11.3

APACHE II score on admission 18.9 ± 5.2 (n: 35)

CPIS at the time of ICUAP 7.9 ± 2.2 (n: 37)

SOFA score at the time of ICUAP 4.7 ± 2.1 (n: 38)

Total length of ICU stay (days) 28.9 ± 10.0

Prognosis (survivors/nonsurvivors) 16 / 25

* ICUAP: ICU acquired pneumonia
** ICUAP-platelet: ICUAP associated nadir platelet count

Table 1

Patient characteris-
tics.
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the 41 ICUAP episodes, while the five remaining
patients had mixed infections with both gram-neg-
ative and positive microorganisms. In this group of
36 patients with ICUAP caused by a single mi-
croorganism, gram-positive pathogens were iden-
tified in 13 patients (methicillin-resistant Staphylo-
coccus aureus), while gram-negatives were identi-
fied in 23 patients (Pseudomonas aeruginosa [n: 11],
Acinetobacter spp. [n: 10], Klebsiella spp. [n: 2]). There
was no significant difference in ICUAP-platelet
counts or the percent of the fall in platelet counts
between the patients with ICUAP caused by gram-
negative microorganisms when compared to
ICUAP caused by gram-positive microorganism
(table 2). 

As this was a retrospective study 33 patients
out of 41 had all the data for the evaluation of sep-
sis and 32 had positive criteria for sepsis at the
onset of ICUAP. Missing data for the evaluation of
overt-DIC was less. Twenty-six out of 37 had pos-
itive criteria for overt-DIC. When we compare the

26 patients having overt-DIC with the 11 without
overt-DIC; both groups had a fall in platelet
counts before the diagnosis of ICUAP. The per-
cent of the fall was higher in overt-DIC-positive
group (35%, 15.3% in overt-DIC-positive and
negative groups respectively p = 0.05). 

The mean CPIS score was 7.9 ± 2.2 support-
ing the diagnosis of ICUAP. SOFA scores were
negatively correlated with ICUAP-platelet count
(r = –0.67, p <0.001). 

Twenty-one patients received low molecular
weight heparin starting on admission day in the
ICU. There were no significant differences in
ICUAP-platelet counts or the percentage of the
fall in platelet counts when compare to admission
values between heparin treated patients and the
others (p >0.05). Yet, no significant effect of any
other mentioned drugs or blood transfusions to
platelet counts were noticed. 

In seven patients of the study population there
was no fall in ICUAP-platelet count when com-
pared to ICU admission platelet count. No differ-
ence was found between these two groups in rela-
tion to the mentioned medications used that could
alter platelet counts, etiologic factors for ICU ad-
mission and APACHE scores (p >0.05).

All the patients had arterial and central venous
catheters after ICU admission. 

Fifteen patients (36.5% of the study popu-
lation) had an episode of thrombocytopenia dur-
ing their whole ICU stay and these patients had
higher mortality rate than nonthrombocytopenics
(mortality rates are 80% and 50% respectively, 
p = 0.05).

Figure 1

Platelet counts at 
Intensive Care Unit 
(ICU) admission (I) 
and the nadir platelet
count associated with 
Intensive Care Unit 
acquired pneumonia
(ICUAP-platelet 
count) (II), (Small 
horizontal lines indi-
cate the mean values:
157.2 ± 87.4 � 103/mm3,
224.1 ± 106.3 � 103/mm3

respectively).

ICUAP caused by Gram (+) microorganisms ICUAP caused by Gram (-) microorganisms p

Admission platelet count 197.3 ± 93.3 � 103/mm3 240.9 ± 107.3 � 103/mm3 NS*

ICUAP-platelet count** 144.6 ± 66.0 � 103/mm3 169.9 ± 103.7 � 103/mm3 NS

* NS: Not significant
** ICUAP-platelet: ICUAP associated nadir platelet count

Table 2

Platelet counts in
ICUAP caused by
gram-negative and
gram-positive mi-
croorganisms in 36
patients with ICUAP
caused by a single
microorganism.

Discussion

ICUAP complicates the course of patients re-
ceiving mechanical ventilation at a serious rate. Di-
agnosing ICUAP is still confusing because of the
problems in distinguishing colonisation of respira-
tory tract with potential pulmonary pathogens
from infection in mechanically ventilated patients
and the absence of a clinically gold standard [2]. 

Thrombocytopenia occurs frequently in ICU
patients. This probably reflects the severity of the
disease and has even been suggested to be indica-
tive of acute infection [4]. In this study we found
an earlier significant fall in platelet count before
the onset of ICUAP. 

The causes of the fall in platelet count and

thrombocytopenia in critically ill patients has been
widely studied in various studies. Sepsis, DIC,
ARDS, drugs, invasive monitoring devices and
transfusions are the most accused factors [4, 5,
12–16]. It has been shown that thrombocytopenia
can occur in infections caused by various
pathogens but the presence of sepsis was shown to
be the main risk factor [12, 14]. The major cause
of platelet destruction in sepsis is suggested to 
be the haemophagocytosis associated with high
macrophage-colony stimulating factor concentra-
tions [12, 14, 16, 17]. In our study 32 patients out
of 33 who had full data, had positive criteria for
sepsis. But only a minority of the patients (nine of

*p<001 by Student’st-test (Plt counts at ICU admission versus the ICUAP-plt count)
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32 patients with sepsis and 11 of the whole study
population) had ICUAP-platelet count <100 �
103/mm3, which is defined as thrombocytopenia.
Consequently we cannot claim that sepsis is fully
responsible for the fall in platelet counts in this
study; furthermore, our sepsis definition doesn’t
contain thrombocytopenia (10). However, the
study would have been more indicative if we could
have had a sepsis-negative group.

Another explanation for the fall in platelet
count could be the bacteria-platelet interaction. It
has been demonstrated that human platelets are
rapidly bound and aggregated in vitro by some
gram negative and positive pathogens [18]. Some
investigators have shown that this platelet-bacte-
ria interaction leads to thrombocytopenia [19].

Recently it has been suggested that a signifi-
cant increase in bronchoalveolar thrombin gener-
ation was observed in patients with ICUAP which
possibly lead to platelet consumption [20].

We found that the mean nadir platelet count
associated with ICUAP emerged earlier than the
clinical diagnosis of ICUAP and this was the in-
teresting point of this study. The significant fall in
platelet count can be considered a sign of non-
overt acute infection probably complicated by sep-
sis.

DIC could also contribute to the increased
platelet consumption, but this was not the case in
our study as patients having overt-DIC had only
some additional platelet fall, this is also supported
by François et al. [17].

Mavrommatis et al in their controlled study
showed that in 74 septic patients platelets were
reduced and all changes were independent of 
the causative infectious pathogen. Gram-positive,
gram-negative and other microorganisms produce
identical impairment of coagulation [21]. Like 
in the mentioned study, we found no significant
difference in the percent decrease of platelet 
count between gram-negative and gram-positive
ICUAP.

Event hough some drugs are shown to increase
platelet destruction, in most of the ICU studies
drugs were not found to be a significant risk factor

in multivariate analysis [4, 6, 15, 22]. Here also we
found that drugs did not have any effect on platelet
count. As all the patients had central venous and
arterial catheters an effect on platelet destruction
was excluded.

To assess the severity of illness in ICU patients,
classification systems like APACHE II and SOFA
are commonly used. Thrombocytopenia was asso-
ciated with the most severely ill patients, it has a
prognostic value independent and complementary
to the APACHE II and reflected by a higher
APACHE II score [4, 5, 23]. Declining platelet
counts predicted mortality as reliably as did SOFA
or APACHE II scores in some studies [22]. We
found a negative significant correlation between
the ICUAP-platelet and SOFA scores.

We also showed that having an episode of
thrombocytopenia was associated with a higher
mortality rate, which has been reported previously
[4, 6, 22, 24].

The most important limitation of our study is
its retrospective design. A prospective study design
with a control group having other or no ICU in-
fection would have been more valuable in con-
firming the relationship between platelets in
ICUAP and the role of sepsis. Although thrombo-
cytopenia has been described in patients with in-
fections and sepsis, this study is to our knowledge,
the first report on the relationship between the
early fall in platelet count and development of
pneumonia in the ICU.

In conclusion, platelets could be a reliable
monitoring parameter in ICU and could comple-
ment scoring systems. The fall in platelet count
can be an early warning parameter and possible di-
agnostic hint for severe ICU infections like
ICUAP, the most common nosocomial infection in
ICU. 
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