OBSERVATIONAL STUDY

Characterization of Platelet Biologic Markers in
the Early Pathogenesis of Postoperative Acute

Respiratory Distress Syndrome

IMPORTANCE: Animal models and limited human studies have suggested a
plausible role for platelets in the pathogenesis and resolution of acute respiratory
distress syndrome (ARDS). However, there are little data regarding the role of
platelets in ARDS development.

OBJECTIVES: The objective of this study was to characterize the role of platelets
in a postoperative ARDS model through an analysis of two platelet-specific bio-
logic markers: thromboxane A, (TxA2) and soluble CD-40-ligand (sCD40L).

DESIGN, SETTING, AND PARTICIPANTS: This was a nested case-control
study of ARDS cases matched to non-ARDS controls. Blood samples were col-
lected from a cohort of 500 patients undergoing thoracic, aortic vascular, or car-
diac surgery that placed them at high-risk of developing postoperative ARDS.

MAIN OUTCOMES AND MEASURES: TxA, and sCD40L were analyzed at
baseline (prior to surgical incision) as well as 2 hours and 6 hours after the key
intraoperative events believed to be associated with increased risk of postopera-
tive ARDS.

RESULTS: Of 500 patients enrolled, 20 ARDS cases were matched 1:2 to non-
ARDS controls based on age, sex, surgical procedure, and surgical lung injury
prediction score. Those who developed ARDS had longer surgeries, greater fluid
administration, and higher peak inspiratory pressures. There were no significant
differences in levels of TxA, or sCD40L at baseline, at 2 hours, or at 6 hours.
There was also no difference in the change in biomarker concentration between
baseline and 2 hours or baseline and 6 hours.

CONCLUSIONS: Two novel platelet-associated biologic markers (TxA, and
sCD40L) were not elevated in patients who developed ARDS in a postoperative
ARDS model. Although limited by the relatively small study size, these results do

not support a clear role for platelets in the early pathogenesis of postoperative
ARDS.

KEY WORDS: acute respiratory distress syndrome; biomarker; platelet;
postoperative complications; prevention; respiratory failure

drome of respiratory failure characterized by the acute development

of diffuse lung injury in the setting of a known insult such trauma,
sepsis, pneumonia, transfusion, or aspiration (1). ARDS is a complex disease
process characterized by several pathophysiologic processes including endo-
thelial injury (2, 3), oxidative injury (4, 5), dysregulated inflammation (6), and
epithelial injury (7, 8), ultimately leading to alveolar flooding and hypoxemia.
ARDS-associated morbidity and mortality remain substantial (9), and there is
an urgent need for better understanding of ARDS pathophysiology, as well as
tools to better predict who will develop ARDS.

ﬁ cute respiratory distress syndrome (ARDS) is a life-threatening syn-
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Platelets have an emerging and incompletely un-
derstood role in modulating the inflammatory re-
sponse, extending well beyond their established role
of regulating thrombosis (10, 11). Prior studies have
indicated a potential role for platelets in the pathogen-
esis of ARDS, including in COVID-19-related ARDS
(12-20). Although the precise mechanism by which
platelets are associated with the development of ARDS
remains unclear, thromboxane A, (TxA,) and soluble
cluster of differentiation-40 ligand (sCD40L) are two
biologically active substances released from activated
platelets that represent biologic markers of platelet
activity (12, 21-24). However, the role of these novel
biologic markers in human ARDS remains poorly de-
fined, and studies detailing their potential to improve
prediction of ARDS development are lacking.

Postoperative ARDS represents a promising ARDS
model that allows us to characterize the early biology
of ARDS development. Most patients who develop
ARDS typically present well after the inciting event (e.g.
COVID-19, pneumonia) has already occurred, often
far into the disease course. In contrast, ARDS occur-
ring after high-risk elective surgery is a unique model
of ARDS where the clinical insult is known ahead of
time. This allows us to characterize the change in the
levels of biologic markers from a healthy preopera-
tive state to the fully established ARDS. We have pre-
viously used this experimental model to characterize
the change in several well-established biologic markers
involved in ARDS development (25). Of eight previ-
ously validated biomarkers evaluated, ARDS patients
were more likely to have higher levels of plasminogen
activator inhibitor-1, interleukin-8, and surfactant
protein-D in the immediate postoperative period. This
study was a preplanned exploratory analysis of platelet-
specific biomarkers in the early pathogenesis of ARDS
(National Heart, Lung and Blood Initiative [NHLBI]
grant K23HL112855: Risk Prediction and Mechanistic
Evaluation of Postoperative Acute Lung Injury). Our
central hypothesis was that platelets are involved in
the early pathogenesis of postoperative ARDS and that
biomarkers of platelet activity will be higher in those
who develop ARDS compared with those who do not.

METHODS

This study was an observational single-center nested
case-control study. This study was a preplanned
analysis of platelet-specific biomarkers from a
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previously published nested case-control study (25).
The Mayo Clinic Institutional Review Board (IRB)
(‘Mayo Clinic Office for Human Subject Protection:
Institutional Review Board’) approved this study
(IRB ID: 11-004138, IRB title: Mechanistic Evaluation
of Postoperative Acute Lung Injury, approval date:
08/01/2011). Written informed consent was obtained
from all study participants. The Strengthening the
Reporting of Observational Studies in Epidemiology
guidelines were followed in the design and reporting of
this observational study (26). All procedures followed
were in accordance with the ethical standards of the
institutional committee on human experimentation
and with the Helsinki Declaration of 1975.

Study Participants

The study population consisted of consecutive,
consenting adult (= 18 yr old) patients undergo-
ing elective cardiac, aortic vascular, or thoracic
(lung or esophageal resection) surgery with an esti-
mated risk of postoperative ARDS greater than 10 %
(Surgical Lung Injury Prediction [SLIP] score > 27)
(Supplemental Table 1, http://links.lww.com/CCX/
B28) (27). These specific surgical populations were
chosen due to their known elevated risk for devel-
oping postoperative ARDS. Patients were excluded
if they had emergency surgery, preexisting bilateral
pulmonary infiltrates, recent (within 30 d) high-risk
surgery, or mechanical ventilation within 30 days of
surgery.

Data Collection and Analysis

The primary outcome of interest was postoperative
ARDS. The methods for identifying ARDS cases,
ARDS adjudication, and clinical data retrieval have
been previously described (25). The primary bio-
marker predictor variables were plasma levels of TxA,
and sCD40L. These were quantitatively analyzed in
plasma samples collected at three distinct time points.
The first sample was obtained following the induction
of anesthesia (baseline level). The timing of the second
sample varied depending on the surgical procedure.
For patients undergoing cardiac surgery, the second
sample was obtained 2 hours following separation
from cardiopulmonary bypass. For patients under-
going aortic vascular surgery, the second sample was
obtained 2 hours after aortic cross clamp removal. For
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patient undergoing thoracic (non-cardiac) surgery,
the second sample was obtained 2 hours after return
to two-lung ventilation. The second sample acquisition
time was timed to immediately follow the major intra-
operative insult believed associated with development
of ARDS. The third sample was collected at 4 hours
following the acquisition of the second sample (i.e. 6 hr
following the intraoperative insult believed to be asso-
ciated with ARDS). At each time point, 6 cc of blood
were obtained from the patient’s arterial (or central ve-
nous) catheter (following a 5 cc waste). The samples
were collected and placed into EDTA anti-coagulated
tubes. Samples were immediately centrifuged twice to
ensure they were platelet-poor and were subsequently
stored at in cryogenic freezing tubes at —70° to -80°C.
Sample analysis occurred simultaneously and in dupli-
cate using customized enzyme-linked immunosorbent
assays developed and carried out at the Mayo Clinic
Immunology Core.

Statistical Analysis

Sample size calculations assumed an ARDS frequency
of 10%, based on a SLIP score of greater than or equal
to 27 (27). Using two controls for each case was esti-
mated to provide 80% power to detect an effect size of
0.49 (a0 = 0.05, two-sided) or more specifically a 0.49
SD separation in mean values in the participants who
develop ARDS versus those who do not. Patients with
ARDS were matched to non-ARDS controls 1:2 based
on SLIP score, decile of age, sex, and type of surgical
procedure. Categorical variables were summarized as
frequency (%) and compared in the univariate analy-
ses using chi-square test or Fisher exact test, as appro-
priate. Continuous variables were expressed as mean
+ sD or median with interquartile range (IQR) as ap-
propriate. Continuous variables were compared using
t tests for data that were normally distributed and with
a Wilcoxon analysis for all other data. Conditional lo-
gistic regression models were fit for each biomarker
in univariate analyses at three time points as well as
change from baseline to 2 hours and baseline to 6
hours. Values for each biomarker were displayed using
box plots. Statistical analysis was performed using
SPSS (IBM Corporation, Armonk, NY). All p values
reported are two-sided and were not adjusted for mul-
tiple comparisons given the hypothesis-generating na-
ture of this study.
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RESULTS

A total of 500 patients were enrolled in the study. Of
these, 33 were excluded (reasons outlined in Fig. 1).
Twenty-six patients developed ARDS (5.6%). Of these,
six ARDS cases were excluded due to the blood sam-
ples not being immediately centrifuged twice to en-
sure they were platelet-poor (required for TxA, and
sCD40L analysis). Of the 441 patients who did not
develop ARDS, 39 controls were randomly selected
matched 1:2 for age, sex, surgical procedure, and SLIP
score. One case was matched 1:1 since there were in-
sufficient control patients with a matching surgery
(pericardiectomy).

Clinical Variables

The baseline characteristics of the cohort, and the
breakdown of different surgeries performed, are out-
lined in Table 1. The preoperative characteristics of
the 20 ARDS cases and the 39 non-ARDS matched
controls are outlined in Supplemental Table 2
(http://links.lww.com/CCX/B28). The ARDS cases
had longer surgeries (470.4+ 166 vs 373.5+ 153 min;
p = 0.04), lower preoperative albumins (3.5£0.5 vs
4.1+0.3g/dL; p = 0.03), and lower preoperative bi-
carbonate levels (24.5+2.7 vs 27.1+3.1 mEq/L;
p = 0.03). The ARDS cohort were also more likely to
be on preoperative statin therapy and preoperative
inhaled steroids.

The intraoperative characteristics of the ARDS and
non-ARDS matched controls are outlined in Table 2.
Notably, the ARDS cohort had greater fluid adminis-
tration (10,640+6,523 vs 8,380+ 3,791 mL; p = 0.04)
and higher peak inspiratory pressures (22.9+6.8
vs 18.4+4.7cm HO; p = 0.01). The ARDS cohort
had a shorter aortic cross-clamp time (88.2+41.3 vs
137.6+79min; p = 0.03). There were no differences
in the frequency of other major intraoperative events
thought to be related to the development of postopera-
tive ARDS (one lung ventilation and cardiopulmonary
bypass).

Outcomes of the ARDS and non-ARDS controls
are outlined in Table 3. Admission severity of ill-
ness as assessed by Acute Physiology and Chronic
Health Evaluation III and Sequential Organ Failure
Assessment was similar between groups. Those with
ARDS had longer hospital stay (15.7 [IQR: 10.2-
23] vs 6.5 d [IQR: 5.4-9.8 d]; p < 0.001) and fewer
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500 consecutive, consenting adults

undergoing elective cardiac, aortic

vascular or thoracic surgery (age >
18 with SLIP score >27)

467 patients undergoing surgery:

v

Excluded:

Surgery cancelled/rescheduled

Patient did not undergo planned procedure
Patient instability

Surgery performed as emergency
Patient/family withdrew consent

Unable to get blood samples

O = W —

Aortic vascular: 104 (22.2%)

Cardiac: 311 (66.6%)

Lung resection 31 (6.6%)

Esophageal: 57 (12.2%)

| ARDS adjudication
26 patients developed ARDS (5.6%) | | 441 did not develop ARDS (94.4%) |
6 patients: Blood samples unsuitable for platelet
biomarker analysis.

20 ARDS cases matched to
39 controls on age, SLIP

score, sex and surgical
procedure.

Figure 1. Study participant flow diagram. Patient instability reflects planned elective surgeries that
were expedited as emergency surgeries due to patient need. ARDS = acute respiratory distress
syndrome, SLIP = Surgical Lung Injury Prediction.

TABLE 1.
Baseline Characteristics and Surgery Descriptions of Enrolled Patients

Variables

Number of patients
Male, n (%)

Age, mean £ sp

Surgical Lung Injury Prediction score, mean £ sb

Type of surgery, n (%)

Aortic vascular only
CABG only

Valve only

CABG and valve

CABG and aortic vascular
Valve and aortic vascular
CABG, aortic vascular and valve
Pericardiectomy
Esophageal

Lobectomy
Pneumonectomy

Wedge resection

Mediastinoscopy

ARDS

20
15 (75)
62.1+14.3
36.8+7.4

8 (40)
2 (10)

Non-ARDS Controls P

39
31 (79.5)
62.1+14.0
36.7+6.4

0.69
1.00
0.97

16 (41)
4 (10.3)
2 (5.1)
2 (5.1)
0 (0)
0 (0)
2 (5.1)
1(2.6)
10 (25.6)
2 (5.1)
0 (0)
0 (0)
0 (0)

1.00

ARDS = acute respiratory distress syndrome, CABG = coronary artery bypass grafting.
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TABLE 2.

Intraoperative Characteristics of Acute Respiratory Distress Syndrome Patients and
Nonacute Respiratory Distress Syndrome Matched Controls

Non-ARDS Control

Intraoperative Variables ARDS (N = 20) (N =39)
Fluid administration Crystalloid 4,477+2,053 3,420+1,539 0.05
(mL), mean + sp Colloid 4,071+4,558 2,711 £2,400 0.22
Total fluid in 10,640+6,523 8,380£ 3,791 0.042
Total fluid out 4,271+3,842 4,440+3,326 0.54
Blood product admin- RBCs 1,036+1,590 6831765 0.36
istration (mL), mean Cell saver 7294906 5681632 0.48
+ sp
Fresh frozen plasma 744+1,330 402+ 781 0.30
Platelets 308+438 150+249 0.15
Cryoprecipitate 77147 40t 124 0.34
Total allogeneic blood 2,163+3,371 1,2751+1,766 0.28
products
Vital signs, mean =+ sp Mean arterial pressure 74.6£5.9 73.3%+6.2 0.43
(mm Hg)
Tidal volume (mL/kg 6.4%+1.3 6.8%1 0.29
ideal body weight)
Peak inspiratory 22.9+6.8 18.4+4.7 0.012
pressure (cm H,O)
Oxygen saturation 98.7+1.9 99.3%1.1 0.19
Positive end-expiratory 5+2.4 4%+1.9 0.12
pressure (cm H,O)
Intraoperative events One lung ventilation (n), 11 (55) 13 (33.3) 0.11
n (%)
Aortic cross clamp 11 (55) 23 (59) 0.77
(total), n (%)
Aortic cross clamp time 88.21+41.3 137.6£79 0.032
(min), mean % sb
Cardiopulmonary 13 (65) 26 (66.7) 0.90
bypass total (n), n (%)
Cardiopulmonary 186.6+67 192.3+77.7 0.82
bypass time (min),
mean * sp
Intraoperative vasoac- Dobutamine 0 (0) 0 (0) 1.00
tive infusions, n (%) Dopamine 2 (10) 0 (0) 0.11
Epinephrine 10 (50) 19 (48.7) 0.93
Milrinone 4 (20) 7 (17.9) 0.85
Norepinephrine 4 (20) 5(12.8) 0.47
Vasopressin 7 (35) 12 (30.8) 0.74
Phenylephrine 1 (5) 1(2.6) 1.00

ARDS = acute respiratory distress syndrome.
2Significant difference, p < 0.05.
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TABLE 3.

Outcomes of Patients Who Developed Acute Respiratory Distress Syndrome Versus

Matched Controls Who Did Not

Outcome Measures

Admission Acute Physiology and Chronic Health Evaluation Ill score,

mean * sp

Admission Sequential Organ Failure Assessment score, mean % sp

ICU admission, n (%)

ICU readmission after floor transfer, n (%)

ICU length of stay, median (interquartile range)
Hospital length of stay, median (interquartile range)
Death in ICU, n (%)

Death in hospital, n (%)

Death at 28 d, n (%)

Ventilator free days, median (interquartile range)

No ARDS Control
ARDS (N = 20) (N =39) P
69.6+24.6 68.9+274 0.93
71+3 7.4+2.7 0.84
20 (100) 28 (71.8) 0.012
5 (25) 3(7.7) 0.11
3(1.1-5.9) 1.1 (0.9-2.1) 0.17
15.7 (10.2-23) 6.5 (5.4-9.8) <0.0012
2 (10) 0 (0) 0.33
3(15) 0 (0) 0.03#
3 (15) 0 (0) 0.032
26.5 (24.7-27.8) 27.7 (27.5-28) <0.0012

ARDS = acute respiratory distress syndrome.

ventilator-free days (26.5 [IQR: 24.7-27.8] vs 27.7 d
[27.5-28 d]; p < 0.001). Mortality was also higher
in the ARDS group (28-d mortality: 15.0% vs 0.0%;
p=0.03).

Biomarker Analyses

The results from the biomarker analyses are shown in
Figure 2 and summarized numerically in Table 4. There
were no significant differences in baseline, 2-hour, or
6-hour levels of TxA, or sCD40L. Similarly, there were
no differences in the change in either biomarker be-
tween baseline and 2 hours and baseline to 6 hours.

DISCUSSION

In this investigation, we performed the first study of
two novel biomarkers of platelet function in the early
development of ARDS. Neither TxA, nor sCD40L was
associated with ARDS development. These results do
not support a role for neither TxA, nor sCD40L in
the early development of ARDS. Furthermore, these
platelet-specific biomarkers do not appear to be viable
candidates for ARDS risk prediction.

In addition to their primary role of facilitating ho-
meostasis, platelets are hypothesized to have an im-
portant supportive role in the host immune response.
The mechanism by which platelets modulate the host
immune response is thought to be primarily through
interactions with other host immune cells through
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platelet cell surface receptors (such as p-selectin, Toll-
like receptors, and cluster of differentiation-40) and
the release of immunomodulatory mediators (such as
TxA,, chemokine (C-X-C motif) ligand 4, C-C Motif
Chemokine Ligand 5, and von Willebrand Factor)
(10). Both abnormal coagulation and a dysregulated
inflammatory response are implicated in the patho-
genesis of ARDS (28). Consequently, there has been
substantial interest in the role of platelets in ARDS
development. Preclinical studies supported a role for
platelet-neutrophil interactions in ARDS development
(12). In animal models, platelet depletion and dis-
rupting neutrophil-platelet interaction substantially
reduced vascular permeability and neutrophil lung in-
filtration (13, 15). Human studies have been more lim-
ited. In case series, patients with ARDS had elevated
levels of platelet-specific proteins in the bronchoalveo-
lar lavage (14). Several observational studies of prehos-
pital aspirin use suggested a possible protective effect
of antiplatelet therapy for ARDS prevention (29, 30).
However, a recent phase IIb double-blind, placebo-
controlled randomized controlled trial of aspirin in
ARDS prevention did not demonstrate any clear ben-
efit of aspirin use in reducing ARDS frequency (31).
Our study sought to improve our mechanistic un-
derstanding regarding the role of platelets in the early
pathogenesis of ARDS using a nested case-control
study design. sCD40L is a biologically active mediator
released almost exclusively by activated platelets, with
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Figure 2. Biologic markers at baseline to 2hr and baseline to 6hr. Box plots represent median and interquartile range. Upper and lower
limits represent the highest or lowest measured value within 1.5x the interquartile range. Circles outside the box and whisker plot

represent individual outliers. All levels are in ng/mL.

TABLE 4.

Biologic Markers at Baseline, 2-Hours and 6-Hours in Acute Respiratory Distress Syn-
drome Patients and Matched Nonacute Respiratory Distress Syndrome Controls

Biomarker Time Point

ARDS (N = 20)

No ARDS Control

Thromboxane A, Baseline 0.010 (0.000-0.103)
2 hr 0.031 (0.005-0.277)
6 hr 0.073 (0.008-0.324)

Baseline to 2 hr

Baseline to 6 hr

CD40 ligand Baseline 0.775 (0.000-2.123)
2 hr 1.161 (0.374-1.869)
6 hr 0.688 (0.086-1.548)

Baseline to 2 hr

Baseline to 6 hr

0.000 (-0.002 to 0.063)
0.000 (-0.007 to 0.019)

0.041 (-0.255 to 0.578)
—-0.341 (-0.518 to 0.000)

(N =39) OR (95% CI)
0.012 (0.000-0.088) 1.25 (0.67-2.32) 0.48
0.022 (0.006-0.178) 1.16 (0.66-2.05) 0.60
0.082 (0.005-0.190) 1.07 (0.567-1.99) 0.83
0.000 (-0.010 to 0.022) 0.81 (0.42-1.55) 0.52
0.001 (-0.006 to 0.028)  0.92 (0.47-1.8) 0.81
0.633 (0.000-1.935) 0.93 (0.51-1.69) 0.82
0.943 (0.373-1.900) 0.96 (0.55-1.67) 0.87
0.650 (0.118-1.363) 0.95 (0.53-1.69) 0.85
0.128 (-0.170 t0 0.635) 1.14 (0.59-2.19) 0.70
-0.125 (-0.578 t0 0.098) 0.92 (0.48-1.78) 0.81

OR = odds ratio.

All values are reported as median (interquartile range). All biomarker levels are in pg/mL.

known proinflammatory properties (32). Elevated
sCD40L in stored platelets has been associated with
increased frequency of transfusion-related acute lung
injury (33). TxA, is a proinflammatory chemokine
released exclusively by platelets and platelet-neutro-
phil aggregates. Inhibition of platelet function with
aspirin reduced TxA, in preclinical models and was as-
sociated with reduced ARDS development (12). These
two biologic markers were felt to represent appropriate

Critical Care Explorations

markers of platelet function and activation in order to
better understand early ARDS pathophysiology.

Our study showed no significant difference between
ARDS cases and non-ARDS controls in TxA, and
sCD40L. These findings suggest that the early patho-
physiology of postoperative ARDS is not dependent on
platelet activation and function, at least as measured
by sCD40L and TxA2. Since preventative strategies
preferentially target early pathophysiologic processes,

www.ccejournal.org 7
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these results appear to support the findings of the
Lung Injury Prevention Study-A study that found that
platelet inhibition with aspirin administration did not
reduce ARDS development (31).

Importantly, our study only analyzed biomarkers in
the first 6 hours following the primary insult believed
to portent increased risk of postoperative ARDS. The
lack of association between platelet-specific biomark-
ers and ARDS seen in our study does not preclude a
role for platelets later in ARDS pathogenesis or in
ARDS resolution (34). Furthermore, this study does
not preclude a role for platelet activation in ARDS
resulting from other major ARDS risk factors such
as pneumonia, sepsis, or aspiration. Although bio-
logic markers can theoretically improve clinical ARDS
risk prediction (35), in order to be effective they need
to reproducible, sensitive, specific, and elevated in
a timely manner so as to be operationalized into the
framework of an ARDS prevention clinical trial (36).
The lack of early elevation of TxA, and sCD40L would
appear to preclude them from any meaningful role as
an ARDS prediction biomarker in the perioperative
environment.

This study has several strengths that deserve men-
tion. This is the first study that has evaluated the tem-
poral profile of platelet-specific biologic markers in
ARDS. Second, since blood samples were obtained
prior to the insult responsible for ARDS development,
this study allows the unique opportunity for charac-
terization of biomarker levels very early in the disease
course. In other ARDS biomarker studies, measure-
ments have been taken when a patient presents to the
emergency department or hospital, typically far into
the disease course. Third, several effects were made to
standardize ARDS cases and non-ARDS controls to
ensure a fair comparison. We recruited subjects with
similar baseline comorbidities and presurgical risk of
postoperative ARDS as measured by the preoperative
SLIP score. We also matched closely on surgical proce-
dure, again limiting heterogeneity between cases and
controls. Our study also employed a robust multistep
ARDS adjudication procedure to ensure accuracy of
the primary outcome of interest. Last, all biomarker
analyses were performed simultaneously, and in dupli-
cate, to reduce measurement bias.

This study also has several notable limitations. Most
notably, the rate of ARDS development was lower than
expected (5.6% vs 10% expected), reducing our overall
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power to detect differences in biomarker patterns. The
reasons for the unexpectedly low rate of ARDS are un-
clear, but possible reasons include suboptimal perfor-
mance of the SLIP score in predicting postoperative
ARDS and a decline in the overall rate of ARDS from
the time of study planning and SLIP score derivation
to the time of study conduct. Further, a small number
of ARDS cases were lost since the process for collect-
ing platelet-poor samples was only implemented after
the study had already begun. The relatively low ARDS
rate and small number of ARDS cases consequently
raise concern for a possible type I error. In addition to
a low rate of ARDS, the short duration of mechanical
ventilation and low mortality suggest that the enrolled
study population may have had a more modest overall
severity of illness than what was expected. This, in
addition to the single-center nature of this study, may
limit generalizability. Our assumption is that the base-
line blood draw, drawn immediately after induction
of anesthesia, represents a true baseline for biomark-
ers studied. This is in line with the parent study where
baseline levels of markers such as interleukin (IL)-6
and IL-8 were in the normal range at the postinduc-
tion laboratory draw. However, it is possible that
platelet biomarkers behave differently and are affected
by the induction medications, and this initial labora-
tory draw may not necessarily be their true baseline.
In that setting, a laboratory value drawn at a pre-
operative visit may would have been helpful to give
another reference baseline value. Finally, the obser-
vational nature of this study also creates potential for
confounding and bias. We attempted to mitigate these
concerns by matching each case to two controls and
matching on key characteristics such as age, surgical
procedure, and baseline risk for developing ARDS.
As highlighted above, there were relatively few differ-
ences between cases and controls in preoperative and
perioperative characteristics. However, some baseline
differences did exist, and these differences may affect
our ability to detect changes in between-group bio-
marker patterns.

CONCLUSIONS

Platelet-derived biologic markers (TxA, and sCD40L)
were not elevated in patients who developed post-
operative ARDS when compared with non-ARDS
controls. This study does not support a role for these
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biomarkers in the early pathogenesis of postoperative
ARDS. Platelet-specific biomarkers do not appear to
be suitable candidates for ARDS risk prediction in
the perioperative setting. However, given the rela-
tively small number of ARDS cases and the study of
just two biomarkers of platelet function, further study
of platelet function in ARDS pathogenesis should be
considered.
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