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Abstract:

Background: Aspirin has been found to improve outcomes in an animal model of transfusion-

related acute lung injury.  We examined the association of aspirin use before admission to the 

intensive care unit and the development of transfusion-related acute lung injury in critically 

ill patients. 

Methods: We performed a post-hoc analysis of a nested case-control study that had been 

undertaken in a tertiary referral hospital.  Transfusion-related acute lung injury cases were 

matched with controls (transfused patients not developing lung injury). 

Results: Of these 218 patients, 66 used aspirin (30%). Use of aspirin did not alter the risk 

of transfusion-related acute lung injury after transfusion of platelets (OR 1.06, CI 0.59-1.91, 

p=0.85), plasma (OR 1.06, 95% CI 0.59-1.92, p=0.84), or red blood cells (OR 1.09, 95% CI 

0.61-1.94, p=0.77). Adjustment for confounding variables using propensity scoring also did 

not affect the risk of acquiring transfusion-related acute lung injury (p=0.66). 

Conclusion: Aspirin did not protect against transfusion-related lung injury in this cohort of 

critically ill patients. 
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Background

Transfusion is very commonly required in critically ill patients [1], however transfusion-

related acute lung injury (TRALI) is a major cause of morbidity and mortality [2,3]. The 

pathogenesis of TRALI seems to involve a ‘two hit’ process. The first event is the presence 

of an inflammatory condition in the host, causing endothelial activation leading to neutrophil 

sequestration in the lungs. The second event is the transfusion of a blood product containing 

either antibodies or factors that accumulate during storage, providing additional signals for 

endothelial damage and lung injury [3,4]. The ‘two hit’ concept is further supported by recent 

clinical data which suggest that the incidence of TRALI is higher among critically ill patient 

populations compared to the general hospital population [5,6], contributing significantly to 

adverse outcome in this patient group [6].

 Long considered innocent bystanders, evidence is emerging that platelets are important 

mediators of lung injury [7,8]. There is anatomic and functional evidence that platelets are 

deposited in the acutely injured lung [9]. Besides the release of a variety of cytokines, activated 

platelets display adhesion molecules and other factors with signalling properties on their 

surface, enabling them to interact not only with the pulmonary endothelium, but also with one 

another and with leukocytes in the pulmonary vessels. Platelets triggering neutrophils leading 

to vascular damage has been shown to be a plausible mechanism in the pathogenesis of 

acute lung injury [7,8,10]. A key molecule involved in this interaction is thromboxane-A2 [7], 

which is released by platelet-neutrophil aggregates [11].  Several lines of evidence suggest 

that aspirin (acetylsalicylic acid), which decreases thromboxane-A2 synthesis, may protect 

against lung injury. Both platelet depletion and treatment with aspirin protected against lung 

injury and reduced mortality in a two-event mouse model of TRALI, suggesting a promising 

novel therapeutic approach [12]. In a human population-based cohort study,  pre-hospital 

use of anti-platelet therapy was associated with a reduced incidence of acute lung injury in 

at-risk patients [13], but a more recent trial did not find an association between aspirin use 

and a protective effect against acute lung injury [14]. 

 Aspirin is readily available, has few side effects and is inexpensive. It would be a major 

breakthrough if aspirin administration could prevent or reduce adverse outcomes related 

to blood transfusion. This would apply in particular to pre-operative use of aspirin in 

cardiac surgery patients, as these patients are at particular risk of bleeding, transfusion and 

hence TRALI. Indeed, prolonged cardiopulmonary bypass has recently been identified as 

an independent risk factor for TRALI [15].  A more detailed understanding of the effect of 

aspirin on TRALI might alter the risk-benefit assessment regarding its’ pre-operative and 

postoperative administration. We therefore decided to study the effect of aspirin taken before 

admission to the intensive care unit (ICU) on TRALI by performing a post-hoc analysis of an 

already published observational study [6]. 
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Methods

We previously undertook a nested case-control study [6] in all patients > 18 years of age 

admitted to a 30-bed mixed medical-surgical intensive care unit (ICU) of a university hospital 

in the Netherlands. The ICU is a “closed format” department in which patients are under the 

direct supervision of intensivists during their admission. A waiver for informed consent was 

approved by the Institutional Review Board. Patients who were re-admitted to the ICU were 

excluded from study. The exposure of interest was use of aspirin at the time of ICU admission. 

This was determined using the electronic medication system used in our hospital, and was 

checked with the medical notes. The average dose of aspirin was 80 or 100 mg once a day, 

which is the standard dose for primary and secondary prevention of cardiovascular disease 

used in The Netherlands and is comparable with international guidelines [16]. Additional 

predictor variables included patient-related risk factors for TRALI as previously identified [6], 

including emergency coronary artery bypass grafting, sepsis, haematologic malignancy, 

acute physiology and chronic health evaluation-II score, mechanical ventilation and massive 

transfusion. Information about risk factors for acute lung injury due to other causes were also 

recorded, including alcohol abuse, smoking, liver failure, diabetes, trauma, lung contusion, 

aspiration, pancreatitis, drug overdose, near drowning and pneumonia [17-22]. Risk factors 

had to be present at the time of ICU admission to be considered. Manual review of the 

medical notes by a trained investigator was used to determine the presence of the variables 

of interest. TRALI-cases were matched with controls (transfused patients not developing lung 

injury) on gender, age (within ten years) and admission diagnosis.  

 During the study, all transfused red blood cells were leukoreduced (buffy coat removed 

and the erythrocyte suspension was filtered to remove the leukocytes (< 1x106)), which is 

standard practice in the Netherlands [23]. Massive transfusion was defined as transfusion 

of more then ten units of blood products (red blood cells, fresh frozen plasma or platelets) 

within a 24-hour period [24].  It was assumed that each unit of fresh frozen plasma contained 

325 ml of plasma, and each pool of platelet concentrate 250 ml of plasma.

 TRALI was defined using the 2004 consensus definition (new-onset hypoxaemia or 

deterioration demonstrated by a PaO2/FiO2 <40 kPa, with bilateral pulmonary changes 

occurring within six hours of transfusion, in the absence of cardiogenic pulmonary oedema) 

[25]. Cardiogenic pulmonary oedema was identified when pulmonary arterial occlusion 

pressure was > 18 mmHg, or by the presence of at least two of the following; central venous 

pressure > 15 mmHg, a history of heart failure or valve dysfunction, ejection fraction < 45% as 

estimated by an echocardiogram, and a positive fluid balance [26]. Chest radiographs were 

scored for the presence of new onset bilateral interstitial abnormalities by two independent 

physicians, who were blinded to the predictor variables. When interpretation differed, the 

chest radiograph and the report given by the radiologist were reviewed again in order to 

achieve a consensus [6,26]. 
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 The design of the study was a post-hoc analysis in a cohort of TRALI patients. 

Comparisons between groups were made with the student’s T-test or the Mann-Whitney 

rank-sum test, depending on distribution. Categorical variables were compared with the Chi-

square test. For multivariate analysis, logistic regression analysis was performed. In a crude 

model, the risk of TRALI after transfusion with red blood cells, fresh frozen plasma or platelets 

was investigated. Then, we analysed whether the use of aspirin influenced the crude risk 

per amount of blood product, by effect modification and confounding. Effect modification 

was defined as a significant p-value for the interaction term. Confounding was defined as a 

change of > 10% in the beta-value of the crude relationship between aspirin and TRALI after 

adding covariates. Furthermore, a propensity score was determined for each patient, using 

predicted probabilities for use of aspirin. This was generated through a regression model 

treating the exposure factor, i.e. aspirin, as the dependent variable and selected possible 

confounding variables as predictor variables. Multiple linear regression was used to determine 

the association between use of aspirin and TRALI, after adjusting for the propensity score. 

Statistical analysis was performed using were SPSS (version 18.1, IBM SPSS, Chicago, IL, 

USA).

Results

O ut of 5208 ICU admissions, 2024 patients were screened, of which 109 patients were 

diagnosed with TRALI [6], and then matched with controls (n=109). Of these (n=218), 66 

used aspirin (30%). TRALI cases were more severely ill than controls, exemplified by a higher 

acute physiology and chronic health evaluation-II score [6]. There was also inequality between 

cases and controls for the amount of platelets and plasma transfused, emergency coronary 

bypass grafting, sepsis, mechanical ventilation, massive transfusion and hematologic 

malignancies (Table 1). There was no difference in other acute lung injury risk factors.

In a crude model, the risk of TRALI after transfusion was assessed. Platelet transfusion 

increased the risk of TRALI (Table 2). Transfusion of red blood cells and fresh frozen plasma 

per se did not increase the risk of TRALI; however, the total volume of plasma infused was 

significantly associated with TRALI. 
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Table	1 Aspirin use and baseline characteristics of cases of transfusion-related acute lung injury (TRALI) 
and transfused controls (no TRALI). Values are mean (SD) or number (proportion).

TRALI
(n=109)

No  TRALI 
(n=109)

p-value

Aspirin use 34 (31%) 32 (29%) 0.77

Primary ICU admission category

Medical 44 (41%) 40 (37%) 0.62

Surgical 33 (27%) 33 (30%) 1.00

Cardiovascular or  cardiac surgery 32 (31%) 36 (33%) 0.63

Covariates used in propensity score

APACHE-2 score 22 (8) 19 (8) 0.002

Emergency CABG 8 (7%) 1 (1%) 0.02

Sepsis 36 (33%) 20 (18%) 0.01

Mechanical ventilation 94 (86%) 80 (73%) 0.02

Massive transfusion 37 (34) 16 (15) 0.001

Amount of RBCs , units 1.8 (0.3) 1.9 (0.2) 0.70

Amount of PLTs , units* 0.4 (±0.1) 0.2 (±0.1) 0.03

Amount of FFP, units* 1.3 (0.2) 0.9 (0.2) 0.20

APACHE, acute physiology and chronic health evaluation; ICU, intensive care unit;  RBCs, red blood cells; FFP,  fresh 
frozen plasma; PLTs, platelets; CABG, coronary artery bypass graft surgery. 

Table	2 The risk of transfusion-related acute lung injury, stratified per blood product.

Covariate OR	(95%	CI) p-value

RBCs 0.98 (0.87 - 1.10) 0.74

PLTs 2.07 (1.07 - 4.00) 0.03

FFP 1.40 (0.80 - 2.60) 0.23

Total amount of plasma 1.50 (1.39 - 1.63) 0.04

RBCs, red blood cells; FFP, fresh frozen plasma; PLTs, platelets.

The use of aspirin did not differ between patients developing TRALI compared to transfused 

controls. Only two patients, also on aspirin, were taking clopidogrel. Use of aspirin did not 

alter the risk of acquiring TRALI after transfusion of red blood cells, fresh frozen plasma, 

platelets or total volume of plasma transfused (Table 3). The covariates described in Table 1 

were used to calculate the propensity score. The relationship between aspirin and TRALI was 

then adjusted by this propensity score (Table 3). This confirmed that aspirin did not exert a 

protective effect on the development of TRALI. The absence of this effect cannot be explained 

by effect modification or confounding of the amount of blood products. Furthermore, we 

found no influence of other covariates that could have affected the relationship between 

aspirin and TRALI. 
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Table	 3 The effect of aspirin use on the incidence of transfusion-related acute lung injury, adjusted 
for blood products and propensity score (the propensity score is the probability of a risk factor being 
associated with aspirin use).

Covariate OR	(95%	CI) p-value

Aspirin 1.09 (0.61 - 1.94) 0.77

Aspirin adjusted for amount of RBCs 1.09 (0.61 - 1.94) 0.77

Aspirin adjusted for amount of RBCs and FFP 1.06 (0.59 - 1.92) 0.84

Aspirin adjusted for amount of RBCs, FFP and PLTs 1.06 (0.59 - 1.91) 0.85

Aspirin adjusted for propensity score 0.91 (0.49 - 1.69) 0.66

RBCs, red blood cells; FFP, fresh frozen plasma; PLTs, platelets.

Discussion

We have not shown a protective effect of aspirin administration on the development of 

TRALI. Despite the use of the latest consensus definition of TRALI [2,26], the incidence of 

the condition in this study was higher compared to studies in the general hospital population 

[21], but in agreement with previous studies in critically ill patients [5,27]. These studies 

have identified risk factors for TRALI [5,6,28], including emergency cardiac surgery, sepsis 

and hematologic malignancies. Despite matching cases and controls, the incidence of risk 

factors for TRALI were unequal in the two groups. We corrected for sepsis and coronary 

artery bypass grafting in the propensity score, however this also failed to show a protective 

effect of aspirin.  Correction for hematologic malignancy was not possible, as none of the 

patients with hematologic malignancies used aspirin. However, as the use of aspirin was 

the same in TRALI cases and controls, it is very unlikely that any possible protective effect 

of aspirin may have been off-set by a potential benefit due to the presence of hematologic 

malignancy. 

 Our finding is in contrast with results from a murine model of TRALI, in which it was shown 

that treatment with aspirin substantially reduced the incidence of the condition [12].  There 

may be several explanations for this discrepancy. First, the mouse model that was used 

was an immune-mediated model; mice primed with lipopolysaccharide were challenged with 

major histocompatibility Class I antibodies. However, lipopolysaccharide may not represent 

a clinically relevant trigger, and the infusion of antibodies may not have the same effect 

as blood transfusion. It is possible that the injury invoked in the immune-mediated model 

may have been the result of a direct interaction of the antibodies with the endothelial wall.  

Second, the dose of aspirin used in the mouse model is equivalent to around 5-8 times the 

dosage used in humans [29]. A dose of 30 mg aspirin per day results in virtually complete 

suppression of platelet Thromboxane A2 production via inhibition of cyclooxygenase-1 

[30,31], which is sufficient to account for the antithrombotic effect of the drug. Anti-

inflammatory effects of aspirin occur via inhibition of cyclooxygenase-2, whose expression 
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is up-regulated by cytokines, inflammatory stimuli, and a number of growth factors [32]. 

As aspirin is approximately 150 – 200-fold more potent as an inhibitor of cyclooxygenase-1 

than cyclooxygenase-2, this explains the difference in dosage requirements of aspirin 

between its action as an antithrombotic and as an anti-inflammatory drug. Therefore, the 

preventative effect seen in the mouse model may have been due to the anti-inflammatory 

effect. This fits in with the observation that prostanoids such as prostaglandin-E₂, generated 

by the cyclooxygenase-2 enzyme, are present in high concentrations in the lung of animals 

and humans with sepsis and acute respiratory distress syndrome [33-35]. Third, patients 

with cardiovascular disease may be resistant to aspirin [36]. Although it is controversial 

whether laboratory evidence of aspirin resistance is clinically significant, we can not exclude 

the possibility that a high number of weak responders to aspirin in this study may have 

accounted for the absence of a protective effect on TRALI we have demonstrated. Lastly, it 

should be remembered that the number of circulating platelets is higher and the number of 

polymorphonuclear neutrophils is lower in mice compared to humans, rendering the platelet/

neutrophil ratio in circulating blood substantially different in the two species [37,38].

 Platelets have been shown to play a pivotal role in models of acute lung injury due to 

other causes [7,8]. There are data indicating aspirin protects against onset of acute lung 

injury in a population-based cohort study [13]. A more recent study found no association 

between pre-hospitalisation aspirin therapy and acute lung injury [14]. In line with this, our 

study did not demonstrate a protective effect of aspirin in terms of mediating lung injury in the 

clinical setting. One possible reason for this contrast between the results may be related to 

differences in patient population and in study design, as we analysed patients who actually 

fulfilled TRALI consensus criteria, as opposed to patients who were at risk for development of 

acute lung injury [13].  

 This analysis has important limitations. It should be noted that our study was not designed 

to look at the effect of aspirin in TRALI, thereby carrying a potential for bias and confounding. 

Even with the use of propensity matching, designed to eliminate confounding, we cannot 

exclude the possibility that there were other confounders that were unaccounted for, and that 

these may have contributed to the results. Therefore, this study does not rule out a protective 

effect of aspirin on TRALI. Furthermore, critically ill patients are more often diagnosed with 

“possible TRALI” compared to a general hospital population. This applies, by consensus 

definition, to patients who have other acute lung injury risk factors besides transfusion. 

Therefore, our results can not be extrapolated to a general hospital patient population. 

Despite these limitations, we think it is important to report the results of this analysis of aspirin 

and TRALI, since this was conducted in one of the largest TRALI cohorts to date.

 In conclusion, aspirin did not protect against TRALI in this cohort of critically ill patients. 

The results of this study may contribute to the design of prospective studies on the association 

between aspirin and lung injury. 
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