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Abstract
Introduction—Flow cytometry is often used to measure in vivo platelet activation in critically-ill
patients. Variability in blood sampling techniques, which may confound these measurements,
remains poorly characterized.

Materials and Methods—Platelet activation was measured by flow cytometry performed on
arterial and venous blood from 116 critically-ill patients. We determined how variability in
vascular sampling site, processing times, and platelet counts influenced levels of platelet-
monocyte aggregates (PMA), PAC-1 binding (for glycoprotein (GP) IIbIIIa), and P-selectin (P-
SEL) expression.

Results—Levels of PMA, but not PAC-1 binding or P-SEL expression, were significantly
affected by variability in vascular sampling site. Average PMA levels were approximately 60%
higher in whole blood drawn from an arterial vessel compared to venous blood (16.2±1.8% vs.
10.7±1.2%, p<0.05). Levels of PMA in both arterial and venous blood increased significantly
during ex vivo processing delays (1.7% increase for every 10 minute delay, p<0.05). In contrast,
PAC-1 binding and P-SEL expression were unaffected by processing delays. Levels of PMA, but
not PAC-1 binding or P-SEL expression, were correlated with platelet count quartiles (9.4±1.6%
for the lowest quartile versus 15.4±1.6% for the highest quartile, p<0.05).

Conclusions—In critically-ill patients, variability in vascular sampling site, processing times,
and platelet counts influence levels of PMA, but not PAC-1 binding or P-SEL expression. These
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data demonstrate the need for rigorous adherence to blood sampling protocols, particularly when
levels of PMA, which are most sensitive to variations in blood collection, are measured for
detection of in vivo platelet activation.
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INTRODUCTION
Critical illnesses, such as sepsis and acute lung injury/acute respiratory distress syndrome
(ALI/ARDS), are associated with alterations in normal platelet number, function, and
reactivity which contributes to organ failure, tissue injury, and thrombosis [1–3]. Although
changes in platelet number (e.g. thrombocytopenia) are well-recognized complications of
critical illnesses and may correlate with outcomes, changes in platelet reactivity remain
incompletely understood.

To study in vivo platelet activation in critical illnesses, whole blood flow cytometry is
commonly used to measure levels of platelet-monocyte aggregates (PMA), to detect GP
IIbIIIa (designated as PAC-1 binding), and to measure platelet surface P- selectin (P- SEL)
expression. P-SEL, traditionally considered the “gold standard” for detecting platelet
activation, is contained within the α-granules of resting platelets and upon activation is
rapidly translocated to the platelet surface[4, 5]. Within approximately two hours, the
surface P-SEL is shed from activated platelets, although these platelets may continue to
circulate and function[6]. In comparison to P-SEL, PMAs also form quickly yet are
detectable for longer periods of time than P-SEL following ex vivo activation, even when
platelets no longer express P-SEL and may be a more sensitive index of in vivo platelet
activation[7].

Clinical studies have shown that platelets are activated in many illnesses, including sepsis[3,
8], acute coronary syndromes and cardiovascular disease[9–11], and burn injuries[12]. The
degree of activation reported (e.g. versus unstimulated whole blood from healthy subjects)
varies considerably, making comparisons across studies difficult. These differences likely
reflect heterogeneity in patient populations, illness severity and duration, and whole blood
collection and processing techniques.

Of these factors, deviation from standard protocols for obtaining blood from patients and
assessing platelet activation by flow cytometry may strongly influence measured levels of
PMA, PAC-1 binding, and P-SEL expression yet remain poorly characterized. In the present
study, we prospectively studied in vivo platelet activation in a large cohort of critically-ill
patients to determine how variability in vascular sampling sites, processing times, and
clinical variables influence measurements of PMAs, PAC-1 binding, and P-SEL expression.

MATERIALS AND METHODS
Patient Enrollment and Whole Blood Collection

The Institutional Review Board approved this study and all patients (or a legally-authorized
representative) provided written, informed consent. Adult (age ≥ 21 years) men and women
admitted to the intensive care unit (ICU) with a principal diagnosis of sepsis, severe sepsis,
septic shock, or ALI/ARDS, based on consensus criteria[13, 14], were eligible for study
participation. Whole blood was collected within 24 hours of ICU admission and then every
48(±24) hours while patients remained in the ICU. The first 3mls of blood were discarded
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and samples with gross hemolysis or clotting were not used. The source of whole blood (e.g.
arterial or venous) and the time of collection was carefully recorded for all patients.

Blood samples were drawn into 8.6mL sterile acid-citrate-dextrose (ACD; 1.4 mL ACD/8.6
mL blood) vacutainer® tubes (Becton Dickinson, Franklin Lakes, NJ, USA), inverted to
ensure adequate mixing of whole blood with ACD, then carefully transported at room air
temperature to the laboratory for flow cytometry. The elapsed time from when the whole
blood was drawn from patients to when the whole blood was fixed for flow cytometry (e.g.
processing time) was recorded for each sample. Platelet activation was measured both in
unstimulated and TRAP-activated (thrombin-receptor activating peptide, Sigma, St. Louis,
MO, USA, 5μm final concentration) conditions. TRAP is a synthetic peptide that elicits a
robust platelet activation response, through the proteinase-activated receptor-1 (PAR-1), and
is commonly used as a platelet agonist[15].

Whole Blood Flow Cytometry
Flow cytometry was performed using a FACScan Analyzer (BD Biosciences, San Jose, CA,
USA) with CellQuest software for analysis (Becton Dickinson, Franklin Lakes, NJ, USA)
within 12 hours of fixation. The flow cytometer was calibrated daily and cleaned carefully
before each sample acquisition. All antibodies were obtained from BD Biosciences (San
Jose, CA, USA).

For detection of PMA formation, whole blood (800μl) was diluted in 2.4mL HEPES/
Tyrode’s (HT) buffer (10mM HEPES/137mM NaCl/2.8mM KCl/1mM MgCl2/12mM
NaHCO3/0.4mM Na2PO4/0.35% BSA, 5.5mM Glucose with pH 7.4) and left alone or
treated with TRAP (5μM) for 15 minutes at room temperature (20–25°C). FACS lysis buffer
(5mL, BD Biosciences, San Jose, CA, USA) was subsequently added to the blood for an
additional 10 minutes at room temperature in the presence of CD41-phycoerythrin (CD41-
PE; a marker for platelets) and CD14- fluorescein isothiocyanate (CD14-FITC; a marker for
human monocytes). The sample was then fixed by adding 250μl of FACS buffer.
Monocytes were selected by live gating a total of 1,500 CD41+ events on a two-parameter
dot plot displaying side scatter (SSC) versus CD14-FITC. Single platelets were excluded
using a combination of FSC and SSC and positive anti-CD14 fluorescence. The percentage
of platelet-marker-positive monocyte conjugates was measured to represent the percentage
of monocytes with ≥1 adherent platelet.

For detection of unstimulated and TRAP-activated PAC-1 binding and P-SEL expression,
freshly drawn whole blood (20μl) was first diluted in HT buffer (180μl) and then co-stained
(10μl) with the CD41-PE and either the FITC anti-human mouse monoclonal antibodies
PAC-1, which recognizes GP IIbIIIa, or the FITC human anti-CD62P for P-SEL expression.
Isotypic IgG1-FITC and IgG2-PE antibodies were used to control for non-specific
fluorescence. Blood samples were incubated at room temperature (20–25°C) in the dark for
10 minutes and then fixed with the addition of 250ul of FACS buffer (BD Biosciences, San
Jose, CA, USA). For measurement of PAC-1 binding and P-SEL expression, platelets were
selected by gating a total of 10,000 CD41+ events on a two-parameter dot plot displaying
both side (SSC) and forward-scatter (FSC). The percentage of platelets binding to PAC-1 or
expressing P-SEL was adjusted for any non-specific binding.

Clinical Measurements and Outcomes
All patients were followed prospectively during their ICU course. APACHE II (Acute
Physiology and Chronic Health Evaluation) scores were calculated according to published
criteria[16] upon study entry and then on every day whole blood was collected. The receipt
of medications, such as anti-platelet agents and heparinoids, which could affect platelet
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function, was carefully recorded. Clinical laboratory tests, such as platelet counts, were
determined from EDTA anti-coagulated blood samples that were drawn in parallel with the
ACD samples used for platelet activation studies. Platelet counts were measured through a
reference laboratory according to established protocols and with the appropriate quality
controls. In-hospital, all-cause mortality was captured prospectively for all patients.

Statistical Analyses
Statistical analyses were performed by using the STATA program (version 11.0, StataCorp,
College Station, TX 77845). For all analyses, continuous variables were assessed for
normality with skewness and kurtosis tests. Parametric two-tailed t-tests or ANOVA were
used for continuous variables and the chi-square and Fisher’s exact test for categorical
variables. To control for the potential influence of confounders such as APACHE II score,
gender, age, and ICU day on PMA formation, PAC-1 binding, and P-SEL expression, mixed
effects regression analyses were used to test differences between groups. Logistic linear
regression analyses were used in post-hoc analyses to identify any correlations between
processing times and PMA formation, PAC-1 binding, and P-SEL expression. Significance
was pre-determined at p<0.05. Values are expressed as mean ± SEM, unless otherwise
indicated.

The coefficient of variance (CV) for each flow cytometry assay was prospectively
determined in control subjects (n=5). For PMA formation, the intra-assay CV was 0.75%
and 0.60% and the inter-assay CV was 0.66% and 0.61% in baseline and TRAP-activated
conditions, respectively. For PAC-1 binding, the intra-assay CV was 0.66% and 6.41% and
the inter-assay CV was 0.12% and 4.57% in baseline and TRAP-activated conditions,
respectively. For P-SEL, the intra-assay CV was 0.36% and 2.82% and the inter-assay CV
was 0.73% and 1.52% in baseline and TRAP-activated conditions, respectively.

RESULTS
Demographics and patients characteristics upon ICU admission are shown in Table 1. The
average (±SD) age of ICU patients was 51.4 (±19.1) years and 58.6% were female. The
average (±SD) APACHE II score was 18.1 (±6.8) and 80% (n=93) met consensus criteria
for severe sepsis or septic shock. As expected, more than 20% of patients had a history of
diabetes. The incidence of pre-existing cardiovascular disease was low (12.9%) and only a
small percentage of patients were taking aspirin (n=7, 6%) prior to ICU admission. The in-
hospital all-cause mortality rate was 18.1% (n=21).

Levels of Platelet-Monocyte Aggregates are Affected by Vascular Sampling Site
During the study period, 266 whole blood samples from the 116 critically ill patients were
collected (average of 2.3 blood samples per patient). Of these, 178 (66.9%) were arterial and
88 (33.1%) were venous blood samples. As illustrated in Figure 1, levels of PMA were
approximately 60% higher in arterial compared to venous blood samples. These differences
were observed in both baseline (i.e. unstimulated) and TRAP-activated conditions. In
comparison, PAC-1 binding and P-SEL expression did not differ between arterial and
venous whole blood samples (Figure 2).

Heterogeneity in centrally-placed versus peripherally-placed catheters may influence
measured indices of platelet activation[17]. Thus, in a subgroup of patients we compared
platelet activation in blood drawn from a central (n=63) or peripheral venous catheter (n=25)
already placed as part of patients standard medical care. Consistent with our findings in
arterial blood (Figure 1), baseline (e.g. unstimulated) levels of PMA were higher in blood
from a central versus peripheral venous catheter but the absolute increase in PMA levels was

Rondina et al. Page 4

Thromb Res. Author manuscript; available in PMC 2013 June 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



not as marked and differences did not reach statistical significance (16.9% versus 12.6%,
Supplemental Figure 1A; p=0.12). In TRAP-stimulated blood, there were no differences in
levels of PMA between central and peripheral venous catheters (Supplemental Figure 1B).
In comparison and also consistent with our observations in arterial blood (Figure 2), PAC-1
binding and P-SEL expression were similar in blood drawn from central and peripheral
venous catheters (Supplemental Figures 1A and 1B).

Levels of Platelet-Monocyte Aggregates Increased with Delayed Processing
Platelet auto-activation may occur ex vivo following whole blood collection potentially
causing misleadingly high values of PMA, PAC-1 binding, and P-SEL expression. We
analyzed the influence of processing times on these indices of platelet activation in whole
blood from critically-ill patients. Our average (±SD) processing time (e.g. from blood
collection to fixation for flow cytometry) was 31.2 (±11.8) minutes (range 3–70 minutes).

As illustrated in figure 3, there was no correlation between processing times and baseline
PAC-1 binding and P-SEL expression (Figures 3A and 3B, middle and right graphs).
Furthermore, longer processing times did not result in prolonged or blunted platelet
activation responses to TRAP-stimulation (Figures 3A and 3B, middle and right graphs).

In comparison, processing times did correlate with levels of PMA (Figure 3). Overall,
baseline (i.e. unstimulated) levels of PMA increased (1.7% absolute increase for every 10
minute processing delay ex vivo) in stepwise fashion (Figure 3A, left graph). For example,
levels of PMA in blood where processing was delayed by 45 minutes or longer were two-
fold higher compared to blood processed within 15 minutes of collection (8.2% versus
15.9%, p<0.05; Figure 3A, left graph). In TRAP-activated whole blood, levels of PMA also
correlated with processing times, consistent with ex vivo auto-activation (Figure 3B, left
graph). The magnitude of these differences were statistically significant yet also highly
relevant for investigators with levels of PMA being approximately 30% higher when blood
sample processing was delayed by 45 minutes or longer compared to when processing
occurred within 15 minutes of blood sample collection (62.1% vs 46.1%, p<0.05; Figure 3B,
left panel).

Levels of Platelet-Monocyte Aggregates Correlate with the Number of Circulating Platelets
Dynamic changes in the circulating number of platelets capable of responding to activating
signals, bacterial agonists, and circulating toxins to bind monocytes may influence total
levels of PMA. Consistent with this hypothesis, we found that levels of PMA in
unstimulated whole blood correlated with systemic platelet counts. We found that baseline
levels of PMA correlated significantly with platelet counts obtained in parallel on the same
blood sample (15.4% vs. 9.4%, p<0.05; Figure 4A). As expected, levels of PMA were also
higher in TRAP-activated whole blood with higher numbers of platelets (36.6% vs. 72.4%,
p<0.05; Figure 4B), consistent with a larger circulating pool of platelets able to respond to
agonist stimulation. In comparison, PAC-1 binding and P-SEL expression did not correlate
with platelet counts (data not shown).

DISCUSSION
Whole blood flow cytometry is commonly used to detect in vivo platelet activation in health
and disease[9, 10, 15, 18]. Technical variation in blood collection methods, delays in
specimen transport and processing, and heterogeneity in clinical features may confound
these measurements and impede accurate comparisons between patient groups and across
studies. In our prospectively studied cohort of critically-ill patients, levels of PMA were
significantly higher in both unstimulated and TRAP-activated arterial blood compared to
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venous blood. In contrast, PAC-1 binding and P-SEL expression were unaffected by
differences in vascular sampling sites.

Although there is limited published data on how vascular sampling site influences
measurements of platelet activation, our data are consistent, in part, with prior observations.
Rubens and colleagues examined platelet activation in eight patients undergoing elective
cardiac surgery[19]. Overall, levels of GP IIbIIIa (i.e. PAC-1) and GMP-140 (i.e. P-SEL)
did not differ significantly between arterial and venous whole blood. However, when these
assays were performed in triplicate on two patients, levels of GP IIbIIIa and GMP-140 were
higher in arterial whole blood[19].

Our study extends this published work to a larger cohort of patients not previously studied in
this setting. The underlying mechanism(s) responsible for the increased levels of PMA in
arterial blood from critically-ill patients with sepsis and ALI/ARDS is not entirely clear but
several explanations are plausible. Although not well characterized, during septic
syndromes, platelets have been suggested to undergo sequestration in venous vascular beds
and thus may not as readily interact with and bind to monocytes to form heterotypic
PMAs[20].

An alternative hypothesis that is supported with both in vitro and in vivo data is that the
septic milieu alters normal platelet reactivity to make them more susceptible to activation
from shear forces. Shear forces in arteries are often greater than forces in veins [21] and play
a pivotal role in platelet activation, adhesion, and aggregation[22]. For example, in vitro
studies demonstrate that platelet-leukocyte aggregation and P-SEL expression are increased
in whole blood subject to shear stress [23]; an effect that may be reversed by blocking P-
SEL[24]. Similarly, in stable patients with coronary artery disease, intracoronary shear stress
induced platelet activation as evidenced by up-regulation of PMA formation without platelet
activation of glycoprotein IIb/IIIa [25], which can be detected through PAC-1 binding. Our
findings are consistent with these published in vitro and in vivo observations as we found
that PMA formation, but not PAC-1 binding, was increased in arterial blood. Although we
did not observe increased P-SEL expression in arterial whole blood, in patients with sepsis,
platelet P-selectin may be rapidly translocated to the cell surface and shed even though
platelets continue to circulate and function[6]. This rapid shedding of P-SEL, which likely
occurred early during the onset of sepsis (and perhaps before patients were admitted to the
ICU), may have prevented us from detecting differences.

Ex vivo processing time delays greater than 45 minutes resulted in levels of PMA that were
2-fold higher compared to levels in whole blood that was processed within 15 minutes of
collection. In comparison, delays in processing time did not affect PAC-1 binding or P-SEL
expression in either unstimulated or TRAP-activated whole blood. These data parallel
published reports in healthy subjects. For example, Harding et al[17] observed a 2.8%
increase in levels of PMA for every 10 minute delay prior to processing for whole blood
flow cytometry, a trend very similar to our observations in critically-ill subjects (i.e. 1.7%
absolute increase for every 10 minute delay prior to processing). Our findings build on
Harding and colleague’s report by demonstrating that delays in processing time also
influence TRAP-stimulated levels of PMA. Additionally, our data support the importance of
timely processing of whole blood for flow cytometry when measuring PMA formation in
critically-ill patients[15].

Since platelets undergo auto-activation in whole blood ex vivo, once drawn, blood should be
promptly utilized for measurements of platelet activation by whole blood flow. PMAs,
suggested to be a very sensitive marker of platelet activation[7], may offer advantages for
the detection of in vivo platelet activation. Nevertheless, since PMAs are also influenced by
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the source of blood, processing time, and platelet counts, any studies using PMAs as a
marker of platelet activation should follow strict procedures when drawing and processing
blood to minimize confounding. In situations where facilities for the flow cytometry
preparation are not located in close proximity to clinical care units and thus delays in
processing are likely, measuring PAC-1 binding or P-SEL expression may be advantageous
as these markers of platelet activation appear to be less sensitive to processing delays.

Finally, these data also demonstrate that in unstimulated whole blood from critically ill
patients, PMA formation, but not PAC-1 binding or P-SEL expression, increased with
greater numbers of circulating platelets. Not surprisingly, upon stimulation with TRAP,
levels of PMA also increased in patients with higher platelet counts, perhaps reflecting the
presence of a larger population of platelets responding to ex vivo activating signals.

The strengths of our study include the large number of patients, the prospective study
design, and rigorous data collection methods. Potential confounders were well controlled for
in multivariate regression analyses, minimizing bias and reducing the likelihood that our
findings were due solely to chance. In addition, as variability in vascular sampling site,
processing time, and platelet counts selectively influenced levels of PMA but not PAC-1
binding or P-SEL expression, our findings are unlikely to be due solely to chance. Rather,
they suggest intrinsic differences between these indices of platelet activation in response to
agonists commonly present during sepsis.

Although we could not collect blood from all patients simultaneously from both an arterial
and venous blood vessel, we did measure levels of PMA, PAC-1 binding, and P-SEL
expression, in unstimulated arterial and venous blood drawn simultaneously from septic
patients who were prospectively studied (n=4). Consistent with the findings of our larger
study cohort (Figure 1), we found that levels of PMA were higher in arterial whole blood
(Supplemental Figure 2A), although the sample size was too small to demonstrate
significant differences. Also consistent with our observations in the larger cohort (Figure 2),
there was no difference in PAC-1 binding or P-SEL expression (Supplemental Figure 2B).

We also did not study a group of healthy, control subjects in parallel and this may be
considered a limitation. Nevertheless, the objective of our study was to prospectively
examine how variability in blood collection and processing influences measurements of in
vivo platelet activation. Additional studies are necessary to determine if our findings are also
true in healthy subjects as well as hospitalized patients without ALI/ARDS (e.g. elective or
urgent surgery, heart failure, acute myocardial infarction, etc).

Heparin, often used to maintain the patency of arterial catheters, may inadvertently cause
platelet activation[26, 27]. However, this did not influence the findings of our study as all
the arterial and venous lines were maintained with normal saline rather than heparin.
Furthermore, we also performed subgroup analyses to confirm that levels of PMA, PAC-1
binding, and P-SEL expression did not differ between septic patients receiving heparinoids
and those not receiving heparinoids (data not shown). Thus, ex vivo activation due to
heparinoids cannot account for our observations. Anti-platelet agents, such as aspirin, may
attenuate platelet activation responses and confound measurements. Nevertheless, published
and unpublished studies have demonstrated that aspirin does not influence platelet-leukocyte
aggregation or P-SEL expression([28] and Rondina et al, unpublished data). Furthermore,
only a small number of patients in our study were taking aspirin at the time of ICU
admission (6%, n=7). In pre-specified analyses where these patients were excluded,
differences in levels of PMA (but not PAC-1 binding or P-SEL expression) between arterial
and venous whole blood persisted. Moreover, these differences were also apparent in
analyses restricted to only the patients taking aspirin at the time of admission. Thus, based
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on these secondary analyses, we do not think that concomitant aspirin treatment affected the
results of our study.

Finally, FACS lysis buffer, which we used to measure PMA levels, may increase P-SEL
expression by lysing red blood cells[29]. However, as our incubation times with lysis buffer
remained constant, regardless of the vascular sampling site, processing times, or platelet
counts, this was unlikely to have contributed to the findings of our study.

CONCLUSION
Levels of PMAs are significantly affected by heterogeneity in vascular sampling site, delays
in processing times, and circulating platelet counts in septic patients. In contrast, PAC-1
binding and P-SEL expression are not influenced by variance in these factors. The detection
of platelet activation in critical illness may be improved by systematic whole blood
collection with careful attention to these factors. In addition, since PMAs are very sensitive
to variations in vascular sampling site, processing times, and platelet counts, investigations
measuring PMA should follow strict procedures when drawing and processing blood to
minimize confounding.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Platelet-monocyte aggregates are higher in arterial whole blood from critically-ill patients.
Platelet-monocyte aggregates were assessed in (A) baseline (e.g. unstimulated) or (B)
TRAP-activated arterial or venous whole blood. Panel C shows a representative flow
cytometric analysis of unstimulated and TRAP-activated platelet-monocyte aggregates
measured in arterial (left) and venous (right) whole blood samples (*p<0.05 versus venous
whole blood samples in multivariate comparisons after controlling for APACHE II score,
processing time, ICU day, age, gender, and platelet count).
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Figure 2.
PAC-1 binding and P-SEL expression does not differ between (A) baseline or (B) TRAP-
activated arterial and venous whole blood in critically-ill patients (p=NS all comparisons in
multivariate comparisons after controlling for APACHE II score, processing time, ICU day,
age, gender, and platelet counts).
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Figure 3.
Delayed processing times were associated with increased levels of platelet-monocyte
aggregates (PMA), but not PAC-1 binding or P-SEL expression. Whole blood was left alone
(baseline, Panel A) or stimulated with TRAP (Panel B) for 15 minutes. (*p<0.05 for trend in
multivariate comparisons after controlling for APACHE II score, age, gender, vascular
sampling site, ICU day, and platelet counts).
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Figure 4.
Levels of PMA correlate with the number of circulating platelets. Whole blood was left
alone (baseline, Panel A) or stimulated with TRAP (Panel B) for 15 minutes (*p<0.05 for
trend in multivariate analyses after controlling for APACHE II score, age, gender, ICU day,
vascular sampling site, and processing time).
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Table 1

Characteristics of the study population (all values represent the mean±SD unless otherwise specified

Demographic Critically Ill Subjects (n=116)

 Age 51.4 (±19.1)

 Female Gender, n (%) 68 (58.6%)

 APACHE II Score 18.1 (±6.8)

 Platelet Count (K/uL) 181 (±106)

 Hemoglobin (mg/dL) 10.5 (±2.0)

 White Blood Cell Count (K/uL) 12.6 (±6.0)

 Fibrinogen (mg/dL) 570 (±206)

Admission Diagnosis

 Sepsis, n (%) 16 (13.8%)

 Severe Sepsis, n (%) 54 (46.6%)

 Septic Shock, n (%) 39 (33.6%)

 ALI/ARDS, n (%) 7 (6.0%)

Medical History

 Diabetes Mellitus, n (%) 25 (21.6%)

 Congestive Heart Failure, n (%) 6 (5.2%)

 Cardiovascular Diseaseγ, n (%) 15 (12.9%)

γ
includes stroke, transient ischemic attack, and myocardial infarction.

ALI: acute lung injury; APACHE: Acute Physiology and Chronic Health Evaluation; ARDS: adult respiratory distress syndrome).
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