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Abstract 

Rationale  

Acute respiratory distress syndrome (ARDS) remains a common cause of 

significant mortality and morbidity for which there is currently no 

pharmacological treatment.  Platelets play an important role in the 

pathophysiology of ARDS.  There is in vivo, in vitro, observational and clinically 

relevant phase I evidence suggesting that aspirin may be of benefit in the 

treatment of ARDS.  

 

Objectives 

The aim of the STAR trial (aSpirin as a Treatment for ARDS) was to test the 

hypothesis that enteral aspirin 75mg was both safe and effective in improving 

important surrogate outcomes in adult patients with ARDS. 

 

Methods 

This randomised, double blind (patient and investigator), allocation concealed, 

placebo-controlled phase 2 trial was conducted in five intensive care units. 

Patients fulfilling the 2012- updated American- European Consensus 

Conference definition of ARDS (Berlin Definition) were randomly assigned in a 

1:1 ratio to receive enteral aspirin 75mg or placebo for a maximum of 14 days 

using a computer-generated randomisation schedule with variable block size 

stratified by vasopressor requirement.  The primary endpoint was oxygenation 

index at day 7. Secondary outcomes included respiratory compliance (Crs), 

PaO2/FiO2 ratio, change in sequential organ failure assessment (SOFA) score 

and safety parameters. Analyses were by intention to treat.  
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Measurements and Main Results 

The trial was stopped early after 49 of a planned 60 patients were recruited due 

to slow recruitment, with 24 patients allocated to aspirin and 25 patients 

allocated to placebo.  There was no significant difference in oxygenation index 

at day 7 (unadjusted mean 54.4 [SD 26.8] in aspirin group, 42.4 [SD 25] in 

placebo group; mean difference 12.0, 95% CI -6.1 to 30.1, p= 0.19).  

Furthermore, aspirin did not have a significant impact on any of the secondary 

outcomes.  However, the administration of aspirin in critically ill adult patients 

with ARDS was well tolerated with no difference in the number of adverse 

events (13 events in both groups; odds ratio 1.04, 95% CI 0.56 to 1.94, p=0.56). 

 

Conclusion 

Aspirin was well tolerated but did not improve oxygenation index or other 

physiological outcomes in adult patients with ARDS. 

 

Trial Registration 

 NCT02326350 

 

Key words 

Aspirin, acute respiratory distress syndrome, oxygenation index, clinical trial, 

randomised control trial, critical care. 
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Chapter 1: Introduction 

 

This chapter has formed the basis of a publication - 

Toner P, McAuley DF, Shyamsundar M. Aspirin as a 
potential treatment in sepsis or acute respiratory distress 

syndrome. Crit. Care 2015;19(374):1-9 
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1.1 The Acute Respiratory Distress Syndrome 

1.11 Definition, aetiology and epidemiology of ARDS 

Since 1967 there have been several evolutions in the definition of the acute 

respiratory distress syndrome (ARDS), culminating in the 2012 internationally 

agreed Berlin definition 1.  While still retaining the core clinical criteria set out 

by Ashbaugh et al 2 the current definition improved upon several limitations of 

the previous attempts by standardising a minimum ventilation requirement, 

allowing for computerised tomography (CT) diagnosis, allowing for concurrent 

left ventricular failure and setting an appropriate timeframe. The criteria set out 

by the European Society of Intensive Care Medicine (ESICM) referred to as the 

Berlin definition is shown in Figure 1. 

 

Figure 1 The Berlin Definition 1 

Criteria Definition 

Timing  Within 7 days of a known clinical insult or new/ worsening 
respiratory symptoms. 

Chest  
imaging a 

 

Bilateral opacities- not explained by other respiratory 
pathology 

Origin of 
oedema b 

 

Respiratory failure not explained by fluid overload or 
cardiac failure. 

Oxygenation c Mild- PaO2/FiO2  200- 300 mmHg with PEEP/CPAP > 5 
cmH2O 

Moderate- PaO2/FiO2  100- 200 mmHg with PEEP > 5 
cmH2O 

Severe- PaO2/FiO2  < 100 mmHg with PEEP > 5 cmH2O 

 
a- Chest X Ray or chest CT scan, b- at altitude < 1000 m, c- may be non-
invasive ventilation. 
 
PEEP- positive end expiratory pressure, CPAP – continuous positive airway 
pressure. 
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Recently a large multi- centre observational study (LUNGSAFE) involving 459 

intensive care units (ICUs) across 50 different countries concluded 10.4% of 

patients admitted to ICU met criteria for ARDS, with an estimated mortality 

ranging from 34.9- 46.1%, depending on severity 3.  However, they identified a 

stark global variation in incidence of ARDS, as well as poor recognition by 

clinical staff and the adherence to proven therapies such as low tidal 

ventilation3.  

 

ARDS is estimated to cost approximately 3.6 million hospital days per year in 

the United States of America 4.  More importantly in those discharged, there is 

a considerable functional impairment and decreased quality of life 5, with a 

serious personal and financial burden to both families and society resulting from 

personal care costs and loss of employment.  Furthermore a study into the 

extent of the impact on the mental health of those discharged concluded that 

approximately 20% of survivors suffer from depression or post-traumatic stress 

disorder up to 5 years later 6 

 

Sepsis is recognised as one of the most common causes for ARDS 7.  The 

frequency with which people are admitted to hospital with sepsis or septic shock 

is rising, as is the proportion of cases who ultimately require admission to an 

ICU 8.  Sepsis accounts for 750, 000 admissions per year in the USA, with the 

mortality reported at approximately 30% 9 and an estimated annual cost of 

$16.7 billion 9.   
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In summary, ARDS is rapidly becoming a major global healthcare issue 

associated with both acute and chronic human and economic implications, 

which is under recognised by clinicians. 

 

1.12 Pathophysiology of ARDS 

ARDS is a characterised by an uncontrolled inflammatory reaction to a variety 

of local or systemic illness or injuries, which progresses through three stages; 

1) Exudative phase, 

2) Proliferative phase, 

3) Fibrotic phase. (Figure 2) 

 

The initial exudative phase results from neutrophil 10 and macrophage 11 

mediated release of a pro inflammatory cocktail of cytokines and proteases.  

This results in the destruction of the alveolar epithelial and capillary endothelial 

barrier leading to an influx of exudative non cardiac oedema into the alveolar 

space.  This exudate impacts not only on surfactant production, resulting in life 

threatening respiratory failure and hypoxaemia, but is also responsible for the 

radiological appearances synonymous with ARDS.  Rampant platelet activation 

stimulates uncontrolled activation of the coagulation cascade leading to 

thrombosis formation and further leucocyte chemo attraction.    

 

The proliferative stage begins as the integrity of the epithelial- alveolar barrier 

is re-established and the oedema and intra alveolar contents is cleared 

resulting in improved ventilation and perfusion.  Finally the final fibrotic stage 
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involves fibrotic remodelling of the alveoli which is associated with prolonged 

ventilation 12, see figure 2. 

 

Figure 2 12  (reproduced from MacSweeney R et al.  Acute Respiratory Distress 
Syndrome.  Lancet 2016;6736(16).) 
 
A diagrammatic representation of the stages in the pathophysiology of ARDS.   
Section A is the normal alveoli.  Section B the exudative phase, section C the 
proliferative phase and finally section D the fibrotic phase.  
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1.2 Treatments for ARDS 

Despite developments into the pathophysiology of ARDS and advancements in 

prevention, treatment and education there remains a significant morbidity and 

mortality 13. 

 

1.21 Current non- pharmacological treatments  

Advancements in adjunctive and supportive care have resulted in 

improvements in both morbidity and mortality.  The prevention of ventilator 

associated lung injury particularly has had a significant impact.  Ventilation with 

a low tidal volume (lung protective ventilation at 6ml/kg PBW) decreases 

mortality and increases ventilator free days 14.  Prone positioning, mitigates 

ventilator associated injury by improving distribution and ventilation throughout 

the entire lung, has been found to significantly reduce duration of ventilation 

and 28 and 90 day mortality 15.  Both the American Thoracic Society (ATS) and 

the European Society of Intensive Care Medicine (ESICM) recommend low tidal 

volumes and prone postponing 16, while apposing high frequency oscillatory 

ventilation, due to mortality concerns following the OSCILLATE trial 17.   

 

Other supportive measures include a conservative fluid management, which 

significantly increased ventilator free days compared to those patients 

prescribed 18, although is possibly associated with long term cognitive 

dysfunction 19.  Early extra-corporeal membrane oxygenation (ECMO) has 

recently been shown to have no statistically significant benefit in 60 day 

mortality compared to conventional mechanical ventilation, however ECMO 

was used as a rescue therapy in approximately 30% of the control group 20.  
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Furthermore there is on-going research into the potential effect of protective 

ventilation with veno- venous extracorporeal carbon dioxide removal in two 

large studies; SUPERNOVA (NCT02282657) and REST (NCT02654327) 16. 

 

1.22 Current pharmacological treatments  

Despite intense international effort and multiple potential drug therapies 

investigated, there remains no widely accepted successful pharmacological 

agent in the treatment of ARDS 21,22.  Unsuccessful targets have included 

intravenous salbutamol, which resulted in an increased 28 day mortality 23.  

Also recombinant human keratinocyte growth factor (KGF), which had no 

impact on the primary outcome of oxygenation index (OI) and was associated 

with a higher 28- day mortality in the KGF group 24 and finally rosuvastatin which 

was stopped due to futility 25. 

 

While simvastatin 26 showed no difference in 28 day mortality or ventilator free 

days at 28 days there was an improvement in quality adjusted life year (QALY) 

and an economic benefit, but unfortunately no improvement in 12 month 

mortality 27.  The most successful pharmacological intervention to date involves 

cisatricurium, when administered early in moderate to severe ARDS improved 

an adjusted 90 day mortality and increases ventilator free days 28, this may be 

explained by the skeletal muscle relaxation resulting in improved ventilator 

synchronicity and subsequent reduction in risk of ventilator associated lung 

injury. 

 



23 
 

Various clinical trials are ongoing investigating novel pharmacological agents 

or repurposing known agents (see Table 1).   

 

Recently there has been revived interest in the use of steroids in established 

ARDS.  A Spanish multicentre randomised control trial investigating 

dexamethasone as a treatment for ARDS concluded that patients with 

moderate to severe ARDS had reduced duration of mechanical ventilation and 

over all better mortality when dexamethasone was administered within the first 

24 hours 143.  However the study was stopped early due to slow recruitment so 

the trial was under powered.  In the setting of critically ill COVID- 19 positive 

patients a WHO Rapid Evidence Appraisal completed a meta-analysis on the 

use of steroids.  They reviewed 7 randomised clinical trials including 

approximately 1700 patients between them and concluded the administration 

of systemic steroids was associated with an overall lower 28 day mortality in 

critically ill COVID- 19 patients 144.  It is important to note that this was a meta-

analysis of several trials each with different inclusion/ exclusion criteria, 

definitions of adverse events or serious adverse events and different outcome 

sets, however in general there was little inconsistency between the studies.  

Furthermore this meta-analysis relates to only critically ill patients with COVID- 

19, as yet the evidence for corticosteroids in non COVID- 19 related ARDS is 

controversial 21,22.  

 

A compelling amount of pre-clinical data had directed attention towards cell 

based therapies, in particular mesenchymal stromal cells (MSCs), as potential 

treatments for ARDS.  Promising results from animal studies suggest potent 
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anti-inflammatory abilities as well as a role in promoting resolution of 

inflammation and in aiding endothelial and endothelial repair 29.  There are 

currently various early phase trials on going including REALIST 

(NCT03042143). 
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Table 1 A summary of the current clinical trials investigating a pharmacological treatment for ARDS 
 

Study identification 
number 

Title (abbreviation) Design Anticipated 
enrolment 

Intervention Primary outcome Current status 

ACTRN12615000373572 Effect of nebulised budesonide 
on respiratory mechanics and 
oxygenation in patients with 
ARDS 

Phase 2 60 Budesonide 1mg Change in PF ratio 
at 72 hours 

Significant 
improvement in 
oxygenation and 
inflammatory 
markers 

ISRCTN52319075 Application of human umbilical 
MSCs for patient with ARDS or 
sepsis with multi organ failure 
(HUCDMSC) 

Phase 1 20 MSC APACHE II score 
Daily SOFA score 

Recruitment 
ongoing  

NCT02895191 Safety and dose response 
relationship of ulinastatin for 
ARDS 

Phase 2 60 Ulinastatin 4.8 million units/ 
day 

Safety Recruitment 
ongoing 

NCT02622724 Efficacy of interferon- B-1a in 
moderate to severe ARDS 
(INTEREST) 

Phase 3 300 Interferon- B-1a 10ug/ 6 
days 

Mortality 
VFD 

No significant 
difference 
between the 
groups 

NCT03111212 Iloprost in ARDS (THLLO) Phase 3 900 Iloprost 90 day mortality Recruitment 
ongoing 

NCT03202394 Safety and efficacy of B10-11006 
inhaled solution in ARDS 

Phase 2a 60 B10-11006 125mg BD Safety Completed- 
results awaiting 

NCT02509078 Revaluation of systemic early 
neuromuscular blockade (ROSE) 

Phase 3 1408 Cisatracurium 90 day mortality No significant 
difference 
between the 
groups 

NCT03096314 Vitamin D to improve outcomes 
by leveraging early treatment 
(VIOLET) 

Phase 3 3000 Vitamin D 540, 000 IU 90 day mortality No significant 
difference 
between the 
groups 

NCT02106975 Vitamin C infusion for treatment 
in sepsis induced ARDS (CITRIS-
ALI) 

Phase 2 170 Vitamin C 200mg/kg/day Change in SOFA at 
96 hours 

No significant 
difference 
between the 
groups 

NCT02370095 Treprostinil sodium inhalation for 
patients at risk of ARDS 

Phase 2 30 Treprostinil sodium  Trial terminated 
early 
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MSC = mesenchymal stromal cells, APACHE II= acute physiology and chronic health evaluation.  OI= oxygenation index.  SOFA= sequential organ failure assessment, VFD= 
ventilator free days, AE= adverse event

NCT03042143 Repair of ARDS by stromal cell 
administration (REALIST) 

Phase 1/2 75 Dose escalation phase 1 
then single dose MSC 

Safety 
OI 

Recruitment 
ongoing 

NCT02097641 MSC for ARDS (START) Phase 2a 60 MSC 10x10(10)/ kg Safety No significant 
difference 
between the 
groups 

NCT02804945 MSC for treatment of ARDS in 
patients with malignancies 

Phase 2  MSC 3x10(6)/ kg 30 day mortality 
AE at 30 days 

Recruitment 
ongoing 

NCT02112500 Pilot study of efficacy and safety 
of MScs in ARDS (STELLAR) 

Phase 2 10 MSC OI day 3 Current status 
unknown 

NCT02611609 Phase 1/ 2 to assess MSC in 
ARDS (MUST-ARDS) 

Phase 1/2 60 MSC with dose escalation Safety Completed- 
awaiting results 
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1.3 Platelets 

1.31 Introduction to platelets 

Derived from the myeloid line, megakaryocytes are the precursors to platelets. 

Once mature and fully differentiated, megakaryocytes form proto-platelet 

processes, which fragment off, forming the platelet. Platelets are anucleated 

cell fragments containing alpha granules, dense granules and lysomes 30,31. 

These granules, when activated, release chemokines, prostaglandins and 

small molecules which promote a pro-inflammatory state and leucocyte 

migration 32. There has been significant progress in our understanding of 

platelets in sepsis, the complications of sepsis and ARDS 33. The linking of 

thrombosis and inflammation has highlighted the infinitely more versatile role 

platelets have than previously thought.  Given that ARDS is characterised by 

disordered and uncontrolled inflammation and coagulation this new versatile 

platelet may have a vital role in the pathophysiology of ARDS. 

 

1.32 Platelets in lung biology 

Until recently the extent of the relationship between the platelet and the lungs 

has been underestimated.  Megakaryocytes have always been observed in 

lung biopsies, autopsies and especially in large numbers in lung with ARDS, 

but their function has been debated 34.  Ground breaking research by Le 

Francais et al demonstrate that in murine models the lungs not only act as 

reservoirs for megakaryocytes but are responsible for roughly half of all platelet 

production in the animal 35.  Furthermore in a murine lung transplant to a 

genetically thrombocytopenic and stem cell deficient mouse the pulmonary 

megakaryocytes relocate to the deficient marrow and repopulate the systemic 
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platelet complement 35.  This work is in the early stages but suggests the lungs 

are a significant site of platelet production and important reservoir for 

megakaryocytes. 

 

1.33 Thrombo- inflammation 

There is an evolutionary close association between the inflammatory cascade 

and the haemostatic system with a single trigger mechanism of activation for 

both systems going back 450 million years 36. The common initiators for both 

pathways, such as endotoxin, highlight the complex interplay and overlap of 

these pathways. Historically haemostasis formed a crucial part in the innate 

immune system where walling off of the pathogen was accomplished by the 

formation of fibrin, platelet and leucocyte clot which forms the basis of the 

“haemostatic containment” hypothesis 36. While this co-stimulation may have 

evolutionary advantages, severe sepsis and ARDS are characterised by 

microvascular thrombosis which can contribute to multi-organ dysfunction 

(MOD) 37. Interventions to reduce the haemostatic defect have been shown to 

improve organ function and reduce mortality in experimental models38. Similar 

changes in the pulmonary microcirculation are also demonstrated in autopsy of 

lungs with ARDS 39. An increase in pulmonary vascular dead space, which may 

reflect pulmonary microcirculation thrombosis, is associated with worse 

outcomes in patients with ARDS 40. Platelet leucocyte interaction also 

enhances the production of inflammatory cytokines such as IL-1b, IL-8, MCP-1 

and TNFα, which propagates inflammation further. 
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1.34 Platelets in sepsis and inflammation 

Platelet activation by endotoxin and platelet activating factors such as thrombin 

play an important role in sepsis 41. The complications of sepsis and ARDS due 

to platelets are secondary to enhancement and/or dysregulation of their 

thrombotic and inflammatory actions 33,42. Once activated the platelets alter 

shape, up-regulate the expression of receptors like P-selectin, de- granulate 

and aggregate 43. This process promotes platelet adhesion with the 

endothelium, other platelets and with leukocytes leading to the formation and 

release of inflammatory and thrombotic agents, further leucocyte recruitment, 

oedema formation and production of neutrophil extracellular traps. 

 

1.35 Neutrophil extracellular traps 

Intravascular neutrophil extracellular traps (NETs) are protrusions of granulated 

chromatin with the purpose of capturing pathogens and result from the 

combination of activated neutrophils and platelets. Platelet interactions with the 

neutrophils are essential for their production as demonstrated by platelet 

depletion or disruption of the platelet neutrophil aggregation in mice 44. While 

the principle aim of NETs is entrapment of pathogens, over production is 

associated with direct tissue and organ damage 45. Furthermore, specifically in 

ARDS, the high concentration of pro inflammatory factors in the alveoli can lead 

to excessive NET production and the protrusions themselves can be a cause 

for direct mechanical injury to the lung tissue 45. Recently it has been reported 

that the NETs themselves can activate further platelets, promote fibrin 

deposition and act as supports for thrombosis formation, thus further 
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perpetuating the inflammatory thrombotic process 46 ultimately resulting in 

MOD. 

 

1.36 Platelets and leucocyte recruitment and oedema formation 

Platelets play a significant role in leucocyte recruitment, vascular permeability 

and resultant oedema formation. In a murine model of ARDS due to sepsis, 

platelet depleted mice had reduced infiltration of neutrophils, reduced 

pulmonary oedema formation and better outcomes 47, which was felt to be 

secondary to the diminished leucocyte recruitment. Interestingly platelet 

depletion resulted in significant reduction of pulmonary oedema in a transfusion 

related model of acute lung injury while not influencing neutrophil migration 48.  

As well as platelet depletion inhibiting platelet activation and aggregation, it also  

resulted in improved oxygenation, reduced pulmonary hypertension with less 

interstitial pulmonary oedema 49.  Furthermore antagonising the effects of 

specific platelet derived chemokines, namely CCL5 and CXCL4, reduces 

neutrophil migration, pulmonary oedema formation and tissue damage in the 

lungs 50. 

 

These pre-clinical models highlight the importance of platelet activation in 

sepsis and ARDS and suggest that platelet depletion or inhibition of the platelet 

or platelet specific chemokines can reduce platelet neutrophil aggregates, 

platelet sequestration and ultimately improve outcomes.  

 

The evidence from pre-clinical research in sepsis is conflicting. In a murine 

model of S.aureus septicaemia there was significantly increased bacterial 
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burden, organ dysfunction and cytokine levels in platelet depleted mice 51. In 

addition a K.pneumoniae driven sepsis model, with significant platelet 

depletion, was associated with worse mortality and haemorrhage at the primary 

site of infection with no influence on neutrophil recruitment to the lungs 52. 

 

1.37 Clinical significance of platelet activation in sepsis and ARDS 

Activated platelets are found in significant quantities in the organs of patients 

with sepsis and septic shock 53.  A study in critical ill patients with sepsis 

concluded that this enhanced and uncontrolled adhesion of the platelets to 

leukocytes and the endothelium leads to their accumulation in the micro 

circulatory system and eventual thrombosis formation contributing to MOD 54  

in sepsis 37. 

  

Platelets have been shown to accumulate in the lungs of patients with ARDS. 

In fact platelet activation, migration and accumulation in the alveoli is a major 

feature of ARDS. Typically Broncho alveolar lavage fluid (BALF) from patients 

with ARDS has excessive concentrations of platelet specific alpha granule 

proteins suggesting high platelet activity 34, and following initial injury, leucocyte 

platelet aggregates form and increase dramatically in the alveolar tissue 55. This 

enhanced and unregulated platelet activity leads to increasing leucocyte 

concentrations in the alveolar tissue and ultimately lung tissue damage. This 

was confirmed in lung biopsies from patients with diffuse alveolar damage 

which were found to have an exaggerated number of leucocytes within the 

small airways due to excessive platelet activation 56.  
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1.4 Aspirin 

1.41 Introduction to aspirin 

The first reference to the use of willow bark as a medicinal substance dates 

back to around 3000 B.C to the reign of King Ur III.  Several stone tablets exist 

form this time, including the first recorded code of law, but one tablet describes 

a list of medicinal substances that includes the willow bark.  Some 1500 years 

later an Egyptian scroll documents the use of tjeret, later identified as willow 

bark.  Unfortunately neither of these sources include the therapeutic indication 

for the willow bark.  Advancing another 1000 years to around 500 B.C the 

Hippocratic Corpus describes the use of salix or willow bark tea as a remedy 

for childbirth or fever.  In around 30 A.D Aulus Cornelius Celsius documented 

the use of willow leaf tea for the treatment of the four cardinal symptoms of 

inflammation and finally by the time Galen was practicing in 200 A.D. willow 

bark infusions or willow leaves tea were an established remedy.    

 

Raffaele Piria was the first to identify and produce salicylic acid from the active 

ingredient in willow bark, salicin 57.  Eventually by the end of the 19th century 

Doctor Felix Hoffman refined acetylsalicylic acid and it was first commercially 

sold internationally as an analgesic and anti-inflammatory.  However it wasn’t 

until 1972 that the Nobel Prize winning Clinical Pharmacologist Sir John Vane 

described the mechanism of action of aspirin through inhibition of prostaglandin 

synthesis 58.  Today aspirin has become one of the most commonly used 

drugs59.   
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1.42 Aspirin pharmacokinetics and pharmacodynamics  

Acetylsalicylic acid is a pro-drug, it is an acetylated form of salicylic acid is a 

non-selective inhibitor of the enzyme cyclooxygenase (COX).  The inhibition 

results from the direct acetylation and obstruction of the active hydroxyl portion 

of the enzyme thus preventing interaction with the substrate. This inhibition 

prevents the conversion of membrane phospholipid derived arachidonic acid to 

thromboxane (TxA2) and prostaglandins including the pro inflammatory PGE2 

60.   This acetylation process distinguishes aspirin form other non-steroidal anti- 

inflammatory drugs (NSAID). 

 

The established pharmacokinetic and pharmacodynamics properties of aspirin 

were originally established in healthy volunteers.  Aspirin has a half-life of 

approximately 20 minutes, it is subject to significant first pass metabolism and 

most of its action occurs in the portal circulation of the liver 59.   Aspirin is readily 

absorbed in its lipophilic sate from the stomach thanks to the acidic environment 

preventing ionisation.  At therapeutic levels it is estimated to be 80- 90% protein 

bound with a volume of distribution to be around 0.2 l/kg.  For maximal 

antithrombotic benefit in excess of 90% of all baseline platelets need to be 

inhibited 61.  Despite the short half-life, the once daily dose of aspirin (40- 100 

mg/24 hours) is sufficient to adequately supress platelet COX activation and 

therefore thromboxane production 62, due to the irreversible nature of its COX 

inhibition.  In healthy volunteers peak plasma concentration of acetylsalicylic 

acid occurs between 14- 27 minutes and salicylic acid concentration is seen 

between 30- 60 minutes after ingestion depending on the form of aspirin at 

administration 61,63.  Multiple parameters could be measured to assess the 
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pharmacodynamics including platelet aggregation, but TXB2 is largely accepted 

as an appropriate surrogate marker for aspirin pharmacodynamics 64.  With the 

oral administration of a single dose of aspirin to healthy volunteers the inhibition 

of TBX2 can be detected at 0.17 hours reaching a peak at 6 hours and lasting 

beyond 24 hours 64. 

 

Aspirin has previously been used in high doses for the treatment of rheumatic 

fever but currently low dose aspirin continues to be used in both primary and 

secondary prevention of cardiovascular disease.   

 

 

1.43 Aspirin toxicity and safety 

Due to the ubiquitous nature of salicylates in herbal, prescribed and over- the- 

counter medications salicylate toxicity is relatively common.  In the US an 

estimated 25000 cases of salicylate poisoning are recorded by the poison 

centres every year 57.  Accidental poisoning in the elderly is the most common 

presentation, especially those taking regular aspirin with an established tissue 

concentration, ingestion of additional salicylate containing substances result in 

prolongation of the half-life, accumulation and finally in intoxication 57. 

 

Generally the side effects of aspirin are usually mild and infrequent as listed in 

the British National Formulary (BNF).  The most common system affected by 

aspirin is the gastrointestinal tract.  Due to aspirins ability to reduce both gastric 

protection and inhibit platelet aggregation aspirin administration can result in 

erosions, ulcerations and gastro intestinal bleeding. Long-term aspirin is 
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associated with increased risk of gastro intestinal bleeding, especially in those 

over 75 years old 65, however this is with chronic use and in patients not 

receiving proton pump inhibitors (PPI) therapy.  Studies also demonstrate 

regular PPI use can decrease this risk by 70% 66.  The use of enteric coated 

aspirin was designed to further reduce this risk but following extensive meta-

analysis there was no difference in adverse event rate 67, confirming the effect 

is due to the systemic absorption and inhibition of prostaglandin synthesis 

rather than local irritation. 

 

As aspirin inhibits platelet aggregation, bleeding is a major concern.  In a review 

of the major trials involving low dose aspirin as a treatment for myocardial 

infarctions or thrombotic strokes there was a non-significant increases in 

serious bleeding with the aspirin group 68.  Further studies, like the UK TIA trial 

69 identified a dose response relationship for aspirin and bleeding associated 

adverse events.   

 

The safety of aspirin in patients with thrombocytopenia has not been studied in 

critically ill patients in a prospective randomised controlled trial. However in a 

retrospective cohort study of patients in a mixed ICU, there was a mortality 

benefit from anti-platelet drugs irrespective of the bleeding risk. Bleeding was 

defined as any incident described as ‘bleeding’ in the clinical notes 70. In a non-

ICU population, there was no increased risk of bleeding in patients with cancer 

who were treated with aspirin in the setting of acute coronary syndrome even 

in patients with platelet <100,000/µl 71, in this study the median platelet count 

in the thrombocytopenic group was 32 x 109/l with a range of 4- 100 x 109/l. 
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These studies suggest the benefit of aspirin even in patients with 

thrombocytopenia without significant increase in risk, although but caution is 

needed given the limits of the observational design of these studies. 

 

 

1.5 Role of aspirin in ARDS 

There are several mechanisms in which aspirin can manipulate the processes 

involved in both sepsis and ARDS as follows (figure 3);  

1. inhibition of COX 59,  

2. inhibition of nuclear factor kappa B (NFκB) 72,  

3. production of nitric oxide (NO) 73 and  

4. lipoxin production 74. 
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Figure 3. (Reproduced from Toner P, McAuley DF, Shyamsundar M. Aspirin as 
a potential treatment in sepsis or acute respiratory distress syndrome. Crit. 
Care 2015;19(374):1-9.) 
 

Mechanisms in which aspirin can manipulate the process in sepsis and ARDS 

 

 
Fig 3. Mechanisms in which aspirin can manipulate the process in sepsis and 
ARDS;  
 
1. Inhibit the enzyme COX preventing the formation of pro inflammatory 
thromboxane and prostaglandins, 2. Inhibit the release of NFkB from its 
inhibitor IkB preventing the formation of pro inflammatory cytokines and 
chemokines, 3. Production of aspirin triggered lipoxin, which induces the 
release of NO, inhibits production of IL 8 and MPO, restores neutrophil 
apoptosis and promotes resolution and 4. Increase production of NO resulting 
in reduced migration and infiltration of neutrophils and reduced permeability of 
endothelium. 
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1.51 Inhibition on COX 

The most obvious mechanism is irreversible inhibition of both COX I and COX 

II enzymes 59. The inhibition results from the direct acetylation and obstruction 

of the active hydroxyl portion of the enzyme thus preventing interaction with the 

substrate. This inhibition prevents the conversion of membrane phospholipid 

derived arachidonic acid to thromboxane (TxA2) and prostaglandins including 

the pro inflammatory PGE2 60. As the platelet is anucleated it has limited ability 

to replicate new proteins or enzymes thus resulting in irreversible inhibition of 

the enzyme for the lifespan of the platelet, namely 7- 10 days. Aspirin is 

significantly more potent at inhibiting COX I, especially at the lower 75mg dose, 

than COX II.  COX I is responsible for normal haemostatic processes including 

platelet activation and aggregation through TxA2 production, which is a feature 

of both sepsis and of ARDS 55.  COX II undergoes increased expression 

following stimulation from IL- 1, TNFα and lipopolysaccharide (LPS) and results 

in increased production of prostaglandins including PGE2 75.  PGE2 is required 

for the production of pro inflammatory cytokines and mediates the formation of 

oedema76. 

 

1.52 Inhibition of NFkB 

As well as direct inhibition of COX, aspirin has been shown to down regulate 

the production of pro-inflammatory cytokines. NFκB is an important 

transcription factor required for production of pro-inflammatory interleukins and 

cytokines.  Aspirin prevented NFκB production and ultimately leucocyte 

adhesion in a stimulated human epithelial cell model 72 and it does this by 

preventing the release of NFκB from its cytosolic inhibitor IκBa 77. However this 
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specific effect was only demonstrated after treatment with high dose aspirin of 

10 of 20 mM, which is higher than the serum therapeutic concentration. The 

local accumulation of salicylates in the mildly acidic environments prevailing at 

sites of inflammation would suggest that local concentrations could be much 

higher when compared to lower serum concentrations. 

 

1.53 NO production 

Low dose aspirin reduced inflammation within the vascular endothelium and led 

to the development of smaller atherosclerotic lesions with less macrophages in 

LDL- receptor deficient mice 78. In a study using dissected porcine coronary 

arteries, aspirin was shown to directly acetylate the eNOS protein thus 

releasing NO from the coronary artery endothelium. NO acts as an anti- 

adhesive, inhibiting the migration and infiltration of leucocytes through the 

endothelium, as well as regulating vascular tone and micro thrombi formation 

in the septic state 79. Importantly this was independent of COX inhibition as 

demonstrated by a lack of effect with indomethacin, another non- steroidal anti-

inflammatory drug (NSAID), or with an aspirin metabolite 73. 

 

1.54 Lipoxin production 

Recent evidence has also demonstrated anti-inflammatory properties with 

aspirin not seen in other no steroidal anti- inflammatory drugs (NSAIDS). 

Lipoxins are an anti-inflammatory product of the enzyme mediated breakdown 

of arachidonic acid.  Aspirin can induce the production of specific a type of 

lipoxin called aspirin-triggered 15-epi-lipoxin A4 (ATL) 74, and can do so at the 

prophylactic 75mg dose 80. Once the active site of the COX enzyme is blocked 
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by the acetylation action of aspirin the arachidonic acid is converted to ATL via 

15-R- hydroxyeicosatetraenoic acid (15-R-HETE) 81.  While ATL is structurally 

slightly different form the endogenous lipoxins, the anti-inflammatory effects of 

ATL have been extensively demonstrated in the pre-clinical septic models and 

LPS models of ARDS. ATL inhibits the production of IL-8 through inhibition of 

NFκB thus reducing inflammation and leucocyte migration 82 and can 

independently trigger the release of NO 76. ATL suppresses the anti- apoptotic 

effects of myeloperoxidase (MPO) via inhibition of the B2 integrin signalling 

pathway thus restoring the natural cell cycle of the polymorphic neutrophils 

leading to effective resolution of inflammation 74,83. In addition lipoxins can 

stimulate phagocytosis of apoptotic neutrophils by macrophages possibly 

through enhancement of macrophage neutrophil adhesions allowing for 

efficient resolution of inflammation 84.  Persistent inflammation and delayed 

apoptosis of PMNs are features of ARDS and are associated with worse 

outcomes 85.   

 

Furthermore in two experimental murine models of ARDS, one with intra 

tracheal LPS and the second a transfusion related acute lung injury, ATL 

significantly reduced the concentration of neutrophil platelet aggregates via 

antagonism of the lipoxin A4 receptor resulting in decreased neutrophil 

migration, pulmonary oedema and vascular permeability 55. Finally ATL 

significantly improved 48 hour survival and decreased BAL concentrations of 

TNF- α and macrophage inflammatory protein (MIP- 2) following LPS induced 

lung injury in mice 86.  
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1.6 Preclinical evidence in animal models for aspirin in ARDS 

Aspirin has been shown to be effective in murine models of sepsis and ARDS.  

Mice injected with Salmonella enteritidis endotoxin were pre-treated with aspirin 

30 minutes prior infection at varying dosages.  A significant 24-hour survival 

rate benefit was demonstrated with 3.75, 15 and 30 mg/kg of aspirin 87.  

 

Zarbock et al confirmed that platelet neutrophil aggregates are a significant 

feature in ARDS and demonstrated that inhibition of this aggregation with 

1mg/g aspirin reduced neutrophil recruitment, improved gas exchange and 

survival in a mouse model of ARDS induced by intra tracheal hydrochloric acid 

88. In support of this, a two hit model of ARDS induced in mice that were 

exposed to LPS for 24 hours then injected with MHC 1mAB, were either 

depleted of platelets or pre-treated with aspirin 100μg/g IP, found that both 

interventions reduced lung injury and mortality 89. It should be noted however 

that the dose used would equate to a relatively large therapeutic dose in 

humans. Interestingly, Grommes et al 50 and Looney et al 89 both found that 

blockage of the P selectin receptor or glycoprotein IIb/ IIIa receptors on the 

platelet did not confer the same benefits, possibly suggesting the outcomes are 

not simply related to platelet neutrophil aggregation but that aspirin itself may 

confer  additional benefits.  
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1.7 Preclinical evidence in human models for aspirin in ARDS 

While the majority of animal studies involved the use of supratherapeutic doses 

of aspirin various human preclinical models suggest the results can be 

replicated with therapeutic doses. 

 

 Leucocyte infiltration and oedema formation in a cantharidin generated dermal 

blister was assessed in healthy male subjects. Initially the blisters were induced 

on a forearm, without aspirin, and assessed over 72 hours for inflammatory 

response, cell count and period of resolution. In a cross over study the same 

volunteers had blisters induced on the other forearm following a 10-day course 

of 75mg aspirin. The study concluded that low dose aspirin, through the 

production of ATL and NO, significantly reduced the accumulation of 

macrophages and neutrophils at the site of the blister but had no effect on 

oedema formation 76.   

 

In an ex- vivo human lung perfusion model (EVLP) of ARDS using endotoxin 

induced lung injury, aspirin reduced pulmonary neutrophilia and alveolar injury.  

In a clinically relevant healthy human volunteer model of ARDS induced by 

inhaled endotoxin (ARENA), aspirin 75mg administered orally as a pre-

treatment for 7 days, significantly attenuated neutrophil mediated inflammation 

via inhibition of platelet activation attenuated MMP 8 & 9 levels, TNF- a and 

reduced thromboxane formation 90.  Importantly in this study, 75mg was no less 

effective than a dose of 1.2g daily of enteral aspirin. 
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The results from these human models suggest some translation of the effects 

identified in the animal models, with a degree of impact on clinically relevant 

and healthy volunteer endotoxin models of lung injury. 

 

 

1.8 Observational evidence for aspirin in ARDS 

Supporting the pre-clinical studies several observational studies have assessed 

a possible association with pre-hospital antiplatelet (the majority of which was 

aspirin) therapy and sepsis or ARDS. These are almost exclusively single 

centre retrospective observational cohort studies and range from over 600,000 

patients 91 to 22 patients 92.  Table 2 summarises these observational studies.  

 

Low dose aspirin has been associated with an improvement in mortality in 

patients with Staph Aureus related sepsis 93.  Patients admitted with community 

acquired pneumonia on antiplatelet therapy have a lower admission rate to ICU 

and shorter hospital stay 94. In a general population of ICU admissions, those 

on antiplatelet therapy have a decreased mortality 70,94, have a decreased risk 

of developing ARDS 95–97 and multi-organ failure 98. Furthermore in those ICU 

patients with septic shock or ARDS being treated with antiplatelet therapy there 

was a reduction in mortality 91,99–102.  Finally in a prospective cohort study of 

patients admitted to a medical or surgical ICU investigating pre-hospital statin 

and aspirin therapy and the development of sepsis or ARDS and mortality in 

ICU patients, aspirin alone did not significantly affect the development of sepsis 

or ARDS but there was a trend towards reduced mortality.  In addition the group 
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prescribed the combination of aspirin and a statin had the lowest rate of sepsis 

or ARDS, however this was not a statistically significant 103.  

 

Not all the observational studies found a positive correlation between 

antiplatelet therapy and outcomes in sepsis and ARDS. A multicentre analysis 

of association between pre-hospital aspirin use and development of ARDS 

across USA and Turkey found no significant association 104. This study involved 

20 USA hospitals and 2 hospitals in Turkey, this imbalance makes it difficult to 

adjust for confounding factors and differences in treatment protocols. In 

addition a further study looking at the incidence of ARDS in patients post aortic 

valve replacement concluded there was no significant difference between those 

admitted on aspirin and those not, however the population was small with only 

22 patients 92.  Furthermore a recent nested cohort study in Saudi Arabia not 

only concluded no benefit to aspirin but suggested an increase in morbidity.  A 

total of 736 people were studied and they concluded that aspirin therapy had 

no impact on mortality but increased the duration of mechanical ventilation, 

length of stay in ICU and was associated with a higher risk of nosocomial 

infections 105.   They did not, however, report any data on the development or 

prevalence of ARDS within their population. 

 

Two independent meta- analysis of the available observational studies 

concluded that while there is no demonstrated change to mortality aspirin may 

help to reduce length of stay and potentially help prevent the development of 

ARDS 106,107.  A subsequent meta- analysis went as far to say that aspirin was 

associated with a mortality benefit in those most seriously ill 108.  Finally the 
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most recent meta- analysis reported aspirin us was associated with a 7% 

reduction in the risk of death 109. 

 

It is important to highlight the limitations of observational studies. Due to the 

observational nature of the study design, there is no control over the 

administration, dose and compliance to treatment. There could be other 

confounding factors related to access to healthcare and also a “healthy user 

bias” where patients prescribed the medication may be healthier with better 

management of their underlying chronic condition as well as the fact that aspirin 

may be more likely to be discontinued in the sickest critically ill cohort. 
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Table 2 A summary of recent cohort studies into antiplatelet therapy and sepsis/ ARDS. 
 
ASA- aspirin, APT- anti platelet therapy, ARDS- acute respiratory distress syndrome, SIRS- systemic inflammatory response 
syndrome, MOF- multi organ failure. 
 

Reference Design Date Country Sample size Investigating Results 
96 Retrospective 

observational cohort 
2006 USA 161 

(68 on ASA 
11 other) 

Association of pre 
hospital APT and risk of 
ARDS in critically ill. 

Decreased incidence of 
ARDS in APT group but 
no change in mortality or 
number of ICU days 

99 3 retrospective 
observational cohorts  

2011 Germany 1) 224 
 
2) 615 
 
3) 834 
 

1) Association of pre 
hospital APT and 
outcome of patients with 
CAP.  
2) Association of pre 
hospital APT and 
outcome of ICU 
admissions within 24 
hours of hospitalisation.  
3) Association of pre 
hospital APT mortality in 
critically ill patients with 
sepsis or septic shock. 

1) Decreased ICU 
admission and hospital 
stay with APT   
 
2) Decreased mortality 
with APT group  
 
 
 
3) Decreased ICU 
mortality with the APT 
group  

100 Retrospective cohort  
study 

2000- 
2009 

Australia 5523 Association of ASA in 
SIRS or septic shock 
and mortality. 

Significant improvement 
in mortality in ASA group 
 

95 Historical cohort study 2007- 2009 USA 651 Association of pre 
hospital ASA and 
mortality, risk of ARDS, 
development of septic 
shock and length of stay 
in critically ill. 

No association between 
pre hospital ASA use 
and mortality but 
reduction in ARDS and 
decrease in ventilator 
free days. 

104 Secondary analysis of 
prospective multi centre 
international cohort 
study 

2011 20 sites in USA 
2 sites in turkey 

3855 Association of pre 
hospital APT and risk of 
ARDS. 

No significant reduction 
in ARDS in the ASA 
group 

103 Prospective cohort study 2006- 2008 USA 575 Association of pre 
hospital APT and risk of 
ARDS and septic shock 
in critically ill.  

No difference in ARDS 
or septic shock 
development with pre 
hospital statins or ASA 
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70 Retrospective cohort 2010 Germany 615 Association of pre 
hospital APT mortality in 
critically ill. 

Reduction in mortality in 
APT group 

102 Prospective 
observational cohort 
analysis 

2010- 2012 UK 202 Association of pre 
hospital APT and 
mortality in ARDS. 

Reduction in mortality in 
ASA group. 

110 
 

Retrospective cohort 
study 

2013 Germany 886 Association of pre 
hospital APT and 
mortality in critically ill. 

Significantly reduction in 
mortality with ASA- there 
was no additional benefit 
adding clopidogrel. 

97 Secondary analysis of 
prospective study. 

2006- 2012 USA 1149 Association of pre 
hospital APT and risk of 
ARDS in critically ill. 

Reduction in mortality 
with ASA group. 

98 Secondary analysis of 
cohort study. 

2001- 2008 USA 839 Association of pre 
hospital APT and risk of  
MOF, lung dysfunction 
and mortality in trauma 
patients. 

Reduction in risk of lung 
dysfunction, MOF and 
possibility mortality 
trauma patients who 
received a blood 
transfusion in APT group 

92 Retrospective single 
centre study. 

2008- 2013 USA 22 Association of pre 
hospital APT and risk of 
ARDS post aortic valve 
replacement surgery. 

No association between 
ASA and incidence of 
ARDS in patients post 
aortic valve replacement 
surgery. 

91 Observational Cohort 
study 

2000- 2010 Taiwan 683 421 Association of pre 
hospital APT and 
mortality in sepsis 

Reduction in mortality in 
APT group. 

105 
 
 

Nested cohort study 2004- 2006 Saudi Arabia 763 Aspirin therapy during 
ICU admission and all-
cause mortality 

Not associated with 
lower mortality.  
Associated with longer 
periods of ventilation, 
increased length of stay 
in ICU and increased 
incidence of nosocomial 
infections. 

93 Retrospective single 
centre study. 

2016 Switzerland  838 Patients admitted with 
S.Aureus related sepsis 

Low dose aspirin was 
associated with reduced 
short term mortality in S. 
Aureus related sepsis 
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1.9 RCTs of aspirin in ARDS  

There is a paucity of randomised clinical trials investigating aspirin in sepsis or 

ARDS. Bernard et al conducted a large randomised control trial examining the 

role of NSAIDs, specifically intravenous ibuprofen for 48 hours, in critically ill 

patients with sepsis. This study included 455 patients and concluded that 

ibuprofen reduced levels of pyrexia and tachycardia but did not prevent the 

development of septic shock, ARDS or improve mortality 111. An important 

limitation to this study was the fact it was significantly underpowered to detect 

a mortality benefit. As aspirin can exert COX independent effects unlike other 

NSAIDS, additional studies evaluating the benefits of aspirin are needed.  

 

The US Critical Illness and Injury Trials Group (USCIITG) conducted a 

multicenter, double blind, randomized control trial testing the hypothesis that 

early treatment with aspirin could prevent ARDS in high risk patients (Lung 

Injury Prevention Study With Aspirin (LIPS- A) 112.  Patients were randomized 

to receive either placebo or an initial does of 325mg of aspirin followed by 7 

days of 81mg, with the primary outcome being the development of ARDS. The 

LIPS-A trial concluded that pre- treatment with aspirin to adult patients at high 

risk of developing ARDS (defined by a Lung Injury Prediction Score ≥ 4) 

conferred no reduction in the development ARDS at 7 days 113.   

 

One important limitation was the unexpectedly low incidence of ARDS (9.5% 

compared to the expected 18%), which severely reduced the ability of the study 

to detect any significant effect.  A subsequent sub-study, investigating lipid 

mediator and leukocyte responses in patients at risk for ARDS, concluded that 
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of the 367 patients included 24 developed ARDS following initial administration 

of the study drug.  In this population the incidence of ARDS was numerically 

(but not statistically significantly) lower in the aspirin treated group (10 vs 14 

patients), however as before this sub-study was also under- powered 114. 

 

In patients receiving regular oral aspirin therapy there is a demonstrated 

fourfold increase in TXB2 levels when admitted to ICU (ref), together with a 

significant rise in high on treatment platelet activity, (HTPA) resulting in 

incomplete platelet inhibition.  This increase in incomplete platelet activation 

may reflect an acute and rather dramatic up regulation in platelet production 

which would require ongoing aspirin administration during the illness and would 

not respond to prophylaxis administration. Both the LIPS- A trial and ARENA 

studies involved the pretreatment of patients to prevent ARDS or lung injury, 

therefore the question concerning aspirin as a potential treatment option in 

established ARDS remained uncertain.  The STAR (ASpirin as a Treatment for 

Acute Respiratory Distress Syndrome) study tested the hypothesis that enteral 

aspirin 75mg was both safe and effective in improving important surrogate 

clinical outcomes in adult patients with ARDS. 

 

Several clinical trials are currently exploring aspirin as a treatment in sepsis and 

ARDS. In Australia the ANTISEPSIS trial (Aspirin to Inhibit Sepsis 

ACTRN12613000349741) assessing if 100mg of aspirin daily for 5-7 years 

reduces severity of sepsis by preventing admissions to hospital or ICU and 

improving mortality recently completed.  ANTISEPSIS concluded that 100mg 

of aspirin did not reduce mortality in sepsis 145. In Brazil, Aspirin for the 
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Treatment of Sepsis ASP- SEPSIS (NCT01784159) is a phase 2 trial 

investigating the effect 200mg of aspirin has on organ dysfunction, SOFA score 

and duration of ventilation in septic patients, this is still recruiting. Finally in the 

UK a randomised, double- blind, allocation concealed, placebo-controlled 

phase 2 single-centre trial of aspirin as a treatment for ARDS (aSpirin as a 

Treatment for ARDS, STAR Trial- NCT02326350) 115 and this will be the topic 

for this thesis. 

 

Recently aspirin has been included in two additional large scale clinical trials.  

With the emergence of the SARS- CoV- 2 (COVID 19) virus in December 2019 

there has been a significant global increase in ICU admissions with ARDS 142.   

SARS- CoV- 2 (COVID 19) infection is also associated with widespread 

activation of the coagulation system and platelets resulting in thrombus and 

micro thrombi formation 141.  Given the potential of aspirin to control platelet 

activation aspirin has recently been included in the RECOVERY 

(NCT04381936) and REMAP- CAP (NCT02735707) clinical trials to assess if 

aspirin is beneficial in patients admitted to hospital with SARS- CoV- 2 (COVID 

19). 

 

1.10 Drug PK/PD changes in the critically ill 

Pharmacokinetics describes the absorption, distribution, metabolism and 

elimination of drugs through the human body, and is largely based on healthy 

volunteers early phase studies then controlled larger trials on a well-defined 

patient population.  Patients admitted to critical care often have a variety of co 

morbidities, often very deranged or altered physiology and biochemistry 
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potentially with single or multiple organ failure in addition to an established 

disease process.  Furthermore they frequently receive a myriad of new 

medications.  This combination results in a significant potential for altered 

pharmacokinetics and possible impaired drug responses with the real risk of 

serious adverse drug reactions, interactions or toxicity. 

 

There are various stages in the absorption or an orally administered drug, and 

therefore numerous way in which an admission to critical care can interrupt that 

absorption 116.  First of all the passage of the drug through the gastro intestinal 

system may be physically interrupted or altered.  Any anatomical or mechanical 

obstructions can hinder oral administration, including trauma to the thorax, 

thoracic surgery or operational drains.   

 

Once in the stomach transport to the intestine for absorption may also be 

altered.  Gastric emptying and intestinal motility are reduced by between 40- 

60% 117, due to a combination of intra- abdominal surgery, intra- abdominal 

inflammation and other medications like opioids. 

 

Assuming the drug successfully reaches its preferred site of absorption there 

are other ICU related factors that could hinder or accelerate absorption.  

Several drugs rely on the acidic nature of the gastric acid to aid absorption, 

which is altered by the administration of proton pump inhibitors (PPIs) and 

various nutritional supplements, both standard practice in ICU 118.  Absorption 

of other drugs rely on the permeability of the intestine endothelium, which 

increases following sepsis, pancreatitis or a widespread inflammatory state. 
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Once absorbed the drug needs to be distributed to the intended target site.  

Studies of paracetamol in patients with and without dopamine identified a 

significant difference in rate of absorption and peak concentration reached in 

those patients on dopamine, highlighting the real clinical impact of decreased 

gastric or intestinal perfusion on distribution 119.  The fluid resuscitation for hypo- 

perfusion considerably increases third space volumes thus affecting volume of 

distribution and serum concentrations, as demonstrated in various 

pharmacokinetic studies of antibiotics in critical care 117. 

 

The metabolism of drugs in the critically ill can be somewhat unpredictable.  

The septic inflammatory state has a variable impact on many of the important 

hepatic enzymes responsible for most drug metabolism 116.  This coupled with 

a reduction in hepatic blood flow and a cocktail of additional drugs administered 

results in a theoretical potential for changes in drug metabolism.  However the 

significance of these potential alterations is somewhat debated at this current 

time 117,120. 

 

Finally there can be multiple changes to the elimination of drugs in patients in 

ICU.  Most drugs are excreted either via the hepatic or renal systems, both of 

which can be significantly impaired due to pathology, medications, hypo 

perfusion or fluid status.  Elimination can also be enhanced by increasing renal 

blood perfusion via vasopressor use or the use of renal replacement therapy.  

Furthermore the impact of other ICU procedures like extra corporeal 

membranous oxygenation (ECMO) has a variable impact on drug 

elimination116. 
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In summary, patients in ICU have significant alterations to their physiology and 

biochemistry as well as multiple new drugs and interventions making the 

assessment of pharmacokinetics challenging but essential to prevent adverse 

reactions or toxicity.  As part of this study we will undertake an analysis of the  

Pharmacokinetics of oral aspirin in patients with ARDS in ICU. 

 

 

1.11 Summary 

Despite the advancements in knowledge of the pathophysiology of ARDS there 

remains a significant human and economic impact to society as a whole.  As 

yet there remains no effective pharmacological treatment for ARDS, despite 

multiple previous and ongoing clinical trials. There has been and continues to 

be extensive work into the role platelets have to play in sepsis and ARDS.  It 

has been demonstrated through laboratory in vitro studies, animal studies, 

healthy volunteer and observational analysis that aspirin may be of benefit in 

the treatment of ARDS. The results of the STAR randomised double- blind 

(patient and investigator), allocation concealed, multi centre, placebo-

controlled phase 2 trial will help inform the role of aspirin in treating sepsis and 

ARDS.  
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1.12 Hypothesis and objectives of the study 

The title of the study is ‘ASpirin as a Treatment for ARDS (STAR): a phase 2 

randomised control trial’. 

 

The trial will test the hypothesis that aspirin is safe and improves important 

surrogate clinical outcomes in adult patients with ARDS. 

 

The objectives are: 

1) To conduct a randomised, double- blind (patient and investigator), 

allocation concealed, placebo-controlled phase 2 multi- centre trial of 

aspirin as a novel treatment for ARDS. 

2) To study the biological effects of aspirin on safety and pulmonary and 

systemic physiological indices of efficacy. 

3) To attempt to further understand the pathophysiological processes 

through a mechanistic analysis of blood, urine and Broncho alveolar 

lavage (BAL) fluid.   
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Chapter 2: Methods 

 

 

This chapter has formed the basis of a publication - 

Toner P, McNamee J, O’Kane C, McAuley DF. Aspirin as 
a treatment in acute respiratory distress syndrome: A 

phase 2 randomised control triall (STAR Study) protocol. 
Crit. Care horizons. 2018: 1-7 
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2.1 Trial Design 

STAR was a randomised, double- blind (patient and investigator), allocation 

concealed, multi centre, placebo-controlled phase 2 trial to determine if aspirin 

was both safe and improved important surrogate clinical outcomes in adult 

patients with ARDS. The protocol (see appendix 1) was reviewed and approved 

by Office for Research Ethics Committee, Northern Ireland (ORECNI) (REC 

number 14/NI/1093) on 24th October 2014 (ORECNI approval letter in appendix 

2).  The study was approved by the Medicines and Health Care Products 

Regulatory Authority (MHRA [CTA number 32485/0025/001-0001]) on 27th 

October 2014 (approval letter in appendix 3).  STAR is registered with the 

International Standard Randomised Controlled Trial Agency (NCT02326350) 

and with the European Union Drug Regulation Authorities Clinical Trials 

database (Eudra CT 2014-002564-32).  The trial was sponsored by the Belfast 

Health and Social Care Trust (BHSCT) and received official certificate to start 

on 6th February 2015 (Sponsor reference 14043DMcA-AS, start certificate is in 

appendix 4).  The trial was conducted in accordance with the ethical principles 

that have their origin in the Declaration of Helsinki and was carried out in 

accordance with the principles of the International Conference on 

Harmonisation Good Clinical Practice (ICH-GCP) guidelines.  The final report 

and the publications have been prepared in line with the Consolidated 

Standards of Reporting Trials (CONSORT) guidelines 121. 

 

 STAR was coordinated through the Northern Ireland Clinical Trials Unit 

(NICTU) and was been adopted by the Northern Ireland Clinical Research 

Network (NICRN) for Critical Care Clinical Research Portfolio. The trial protocol 
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including the statistical analysis plan has been published previously 115 and the 

study protocol is available in appendix 1.   

 

In PICO terms: 

Population: adult patients with ARDS  

Intervention: aspirin 75mg 

Comparator: placebo 

Outcome: safety and physiological indices of efficacy 

 

2.2 Eligibility criteria: 

Patients were recruited from five intensive care units (ICUs) across Northern 

Ireland (NI).  Invasive mechanically ventilated patients were eligible for 

recruitment within the first 72 hours of an ARDS diagnosis, as defined by the 

2012-updated American- European Consensus Conference definition of ARDS 

(Berlin Definition) 1.  Patients were screened on a daily basis and all those 

excluded were recorded.   

 

Patients were invited to take part if they fulfilled the following inclusion criteria: 

      1.   Receiving invasive mechanical ventilation.  

 2.   ARDS as defined by the Berlin definition 1 

a) Onset within 1 week of identified insult. 

b) Within the same 24 hour time period 

i. Hypoxic respiratory failure (PaO2/ FiO2 ratio ≤ 40kPa on PEEP ≥ 5 

cmH20) 
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ii. Bilateral infiltrates on chest X-ray consistent with pulmonary oedema 

not explained by another pulmonary pathology 

iii. No evidence of heart failure or volume overload 

 

Patients fulfilling any of the criteria below were excluded from the trial: 

1. Greater than 72 hours from the onset of ARDS. 

2. Age < 16 years. 

3. Patient is known to be pregnant. 

4. Participation in a clinical trial of an investigational medicinal product 

within 30 days. 

5. Current treatment with aspirin or within the past 4 weeks. 

6. Platelet count < 100 x 109/l. 

7. Haemophilia or other haemorrhagic disorder or concurrent therapeutic 

anticoagulant therapy. 

8. History of aspirin sensitive asthma or nasal polyps associated with 

asthma. 

9. Active or history of recurrent peptic ulcer and/ or gastric/ intestinal 

haemorrhage or other kinds of bleeding such as cerebrovascular 

haemorrhage. 

10. Traumatic brain injury. 

11. Active gout. 

12. Currently receiving methotrexate. 

13. Severe chronic liver disease with Child-Pugh score > 12. (see table 3) 

14. Known hypersensitivity or previous adverse reaction to salicylic acid 

compounds or prostaglandin synthase inhibitors. 
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15. Physician decision that aspirin is required for proven indication. 

16. Contraindication to enteral drug administration, e.g. patients with 

mechanical bowel obstruction. 

17. Treatment withdrawal imminent within 24 hours. 

18. Consent declined. 

 

Child-Pugh score 

The Child-Pugh score was developed to predict the prognosis of patients with 

liver dysfunction and cirrhosis 122.  The assessment was completed using the 

last set of blood results and the last clinical assessment prior to the acute 

admission.  The Child- Pugh score is defined in table 3. 

 

 

Table 3 The Child- Pugh score used in STAR  

 Points scored 

 1 2 3 

Serum bilirubin (µmol/l) <35 35-
50 

>50 

Serum albumin (g/l) >35 28-
35 

<28 

Ascites None Mild Moderate 

Encephalopathy* None Grade 1-2 Grade 3-4 

Coagulation PT secs. 
prolonged 

1-4 4-10 >10 

INR ≤1.7 1.71-2.20 > 2.20 

 
PT= prothrombin time, INR= international standardised ratio 
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* Encephalopathy grades were scored as follows: 

Grade 1 - Trivial lack of awareness; euphoria or anxiety; shortened attention   

span; impaired performance of addition. 

Grade 2 -  Lethargy or apathy; minimal disorientation for time or place; 

subtle personality change inappropriate behaviour; impaired 

performance of subtraction 

Grade 3 - Somnolence to semi stupor, but responsive to verbal stimulation, 

 confusion; gross disorientation 

Grade 4 - Coma (unresponsive to verbal or noxious stimuli). 

 

2.3.1 Protocol amendments to eligibility criteria 

Several protocol amendments were successfully approved by the ORECNI, 

MHRA and the Sponsor BHSCT, and implemented during the course of the 

study.  The first amendment increased the number of recruiting sites, changing 

it form a single site to a multi- site trial.  The next amendment adjusted the 

platelet cut off to less than 50 x 109/l from less than 100 x 109/l and the exclusion 

of patients on methotrexate was limited to those on 15mg or more per week.  

Finally the exclusion of patients with active or recurrent peptic ulcer disease 

was limited to active disease within the previous five years.  These 

amendments did result in an increase in screed patients but unfortunately this 

did not translate into an increase in recruitment. 
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2.3 Consent 

Informed written consent was obtained before conducting any trial specific 

procedures.  Due to the incapacitating nature of the condition the patients lack 

the capacity to give consent. In this situation informed written consent was 

sought from a Personal Legal Representative (Per LR) or Professional Legal 

representative (Pro LR), in keeping with requirements from the EU clinical trials 

directive.  Patients were informed of their participation in the trial once they 

regained capacity to understand the details of the trial, consent to continue in 

the trial was then sought.  Were consent to continue was not obtained, consent 

from the legal representative remained valid. Similar consent mechanisms have 

been used successfully in other critical care trials 26,123,124.  Copies of the Per 

LR, Pro LR and Consent to Continue consent forms are found in the appendix 

5, 6 and 7 respectively. 

 

2.4 Randomisation 

Subjects were randomly assigned to receive enteral aspirin 75mg or placebo.  

Randomisation was stratified by vasopressor use and patients were 

randomised in a 1:1 ratio using blocks of variable size.  After informed consent, 

the researcher contacted an independent clinical trials pharmacist who 

allocated the next sequential number as per the computer generated 

randomisation schedule.  This independent clinical trials pharmacist was the 

only person with access to the randomisation schedule thus maintaining 

blinding.  The researcher then registered the recruited patient with the NICTU.  

Patients and investigators were blinded to treatment allocation.  A member of 
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the ICU nursing staff who was not involved in the clinical trial administered the 

study drug. 

 

2.5 Study Drug 

2.5.1 Study drug design 

Victoria Pharmaceuticals prepared the drug packs.  Aspirin 75mg and the 

placebo had an identical appearance.  All trial drugs were packaged identically 

and identified by a unique pack number (see appendix 8).  A total of 18 capsules 

were supplied to each patient allowing 4 extra capsules in the event that some 

capsules could be dropped or accidently discarded. 

 

2.5.2 Study drug administration 

Patients were given aspirin 75mg capsule or placebo for a maximum of 14 days.  

The dose of aspirin was based on similar dosages of aspirin showing benefit in 

observational studies 106,125 as well as the fact that low dose aspirin reduced 

neutrophil mediated inflammation in a human model of ARDS 90.  As the median 

(IQR) duration for mechanical ventilation in ARDS is 6 (2-12) 4 days treatment 

for 14 days was selected to ensure adequate time for the study drug to have 

effect.  

 

 The first dose of the study drug was administered within 4 hours of 

randomisation and subsequent doses as close to 10 am as possible starting on 

the following calendar day. A trained member of the ICU clinical nursing staff 

who was not involved in the clinical trial or involved with any of the study specific 

assessments administered the study drug. 
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2.5.3 Study drug compliance 

Any omission of the study drug was recorded in the CRF to monitor compliance. 

 

2.5.4 Study drug termination criteria 

Study drug was continued until the first of the following: 

1) 14 days after randomisation (maximum treatment period) 

2) Study drug related adverse event 

3) Critical care discharge 

4) Death or discontinuation of active treatment 

5) Request from Per LR or Pro LR to withdraw the patient from the study 

6) Decision by the attending clinician on safety grounds 

7) Clinical indication for treatment with aspirin e.g. myocardial infarction. 

 

The medication was also stopped if the haemoglobin dropped below 70 g/dl for 

safety reasons, as requested by the DMC. 

 

2.6 Study procedures for unblinding 

As STAR was a randomised, placebo controlled, double blind trial the research 

staff, treating clinical staff and patients were blinded as to which arm of the 

study the patient was allocated.  All trial drugs had identical appearance and 

were only identified by a unique pack number.  The investigator or treating 

physician could have unblinded a participant’s treatment assignment in the 

case of an emergency, when knowledge of the study treatment was essential 

for the appropriate clinical management or welfare of the subject.  Emergency 

unblinding could have been performed by telephone contact with the pharmacy 
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in the BHSCT.  The date and reason for unblinding would have been recorded 

in the CRF.  No subjects were required to be unblinded during the study. 

 

 2.7 Clinical management of patients in the trial 

All patients receive standardised management with regards to nutrition, 

antibiotic policy, fluid management and weaning.  The local physician and local 

guidelines directed clinical management of each patient.  It was recommended 

patients were managed using a standardised mechanical ventilation protocol 

aiming for tidal volumes of 6 ml/kg predicted body weight 14.  Rescue therapies 

such as extra-corporeal membrane oxygenation were used according to local 

policy. 

 

 

2.8 Trial procedure 

A summary of the trial procedures is shown in figure 4. 
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Fig 4 Trial schematic  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

PEEP= positive end expiratory pressure, CXR= chest X ray, Per LR= Personal 
Legal Representative, Pro LR= Professional Legal representative, ICU= 
intensive care unit, BAL= bronchoscopy and lavage. 
 

 

Daily screening in ICU of mechanical ventilated patients 
Does the patient have a diagnosis of ARDS? 

(Onset < 7 days and PaO2/FiO2 ratio ≤ 40kPa on PEEP ≥ 5 cmH20 and 

bilateral infiltrates on CXR and not due to cardiac disease) 

Patients with ARDS 
assessed for eligibility 

 

Randomised 
N=60 

 

Excluded 
Failure to fulfil inclusion and 

exclusion criteria 

Consent obtained from the 
Per LR or Prof LR 

 

Placebo 
N=30 

Aspirin 
N=30 

Data collection 
Pulmonary and non-pulmonary organ function 

ICU and hospital outcomes 
Safety 

BAL, blood and urine samples 
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2.9 Data collection 

All data for an individual patient was collected by the research team and 

recorded in the CRF.  The majority of the data was obtained from the patient’s 

hospital record.  Data was collected from the time the patient was considered 

for entry into the trial through to their discharge from hospital and recorded on 

a secure, backed up custom database.  Data censorship occurred after 90 days 

post randomisation. 

 

Baseline (day 0) was defined as the 24 hours preceding the time of 

randomisation.  Day 1 was from the time of randomisation to the end of that 

calendar day, day 2 was the next calendar day and so on. 

 

Day 0 (baseline) data 

The following data was recorded; 

1) Patient demographics 

 Date of birth, gender, height, weight and underlying aetiology of ARDS  

 Date and time of admission to ICU. 

 Date and time of intubation. 

 Date and time of diagnosis of ARDS. 

2) The Acute Physiology and Chronic Health Evaluation score II (APACHE II) 

3) Simplified Acute Physiology Score II (SAPS II) 

4) Murray Lung Injury Score 

5) Oxygenation index 

6) First diagnostic P/F ratio 

7) Worst PaO2/FiO2 ratio 
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8) Ventilation parameters (Mean Airway Pressure PEEP, Plateau Pressure and 

Tidal Volume) and ABG 

9) Sequential organ failure assessment (SOFA) score 

10) Renal replacement therapy (RRT) 

11) Clinical laboratory assessments: renal and liver function, haematological 

and coagulation parameters. 

 

Daily data 

The following data was recorded; 

1) Oxygenation index 

2) PaO2/FiO2 ratio 

3) Ventilation parameters (Mean Airway Pressure, PEEP, Plateau Pressure 

and Tidal Volume) 

4) Sequential organ failure assessment (SOFA) score 

5) Renal replacement therapy (RRT) 

6) Clinical laboratory assessments: renal, liver function and CRP, 

haematological and coagulation parameters. 

7) Overall fluid balance including blood product transfusions- fresh frozen 

plasma (FFP), packed red cells and platelets. 

8) Diuretic use 

9) Study drug administration 

10) Adverse event assessment 

All daily measurements were recorded and collected between 10.00h and 12 

midday or as close to this time as possible, unless otherwise stated in the case 

report form (CRF).  The duration of ventilation and ICU stay as well as ICU and 
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hospital mortality will also be recorded.  Table 6 summarises the trial 

assessments and procedures. 

 

 

APACHE II 

The APACHE II score is calculated at the in the initial 24 hours of a patients 

admission to ICU and offers an estimate at the patient’s mortality risk 126. The 

most clinically significant results or values in the initial 24 hours were used in 

the calculation of this score.  The APACHE II score used in the STAR trial is 

detailed in Knaus et al 126. 

 

 

SAPS II 

The SAPS II score is an additional scoring system to predict mortality in patients 

admitted to ICU 127.  The SAPS 2 score used in the STAR trial is defined as 

below; 
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Table 4 SAPS II score 

Type of admission Scheduled surgery 

Unscheduled surgery 

Medical 

Age < 40 

40 – 59 

60 – 69 

70 – 74 

75 – 79 

≥ 80 

Temperature < 39 °C     < 102.2 °F 

≥ 39 °C     ≥ 102.2 °F 

Serum urea or BUN < 10 mmol/L or < 28 mg/dL 

10 – 29.9 mmol/L or 28 – 83 mg/dL 

≥ 30 mmol/L or ≥ 84 mg/dL 

Sodium < 125 mEq/L 

125 – 144 mEq/L 

> 145 mEq/L 

Chronic diseases None 

Metastatic carcinoma 

Haematological malignancy 

AIDS 

Systolic blood pressure < 70 mmHg 

70 – 99 mmHg 

100 – 199 mmHg 

≥ 200 mmHg 

PaO2/FiO2 if MV or CPAP < 100 mmHg 

100 – 199 mmHg 

≥ 200 mmHg 

No or CPAP mmHg 

WBC < 1.0 x 103/mm3 

1.0 – 19.0 x 103/mm3 

≥ 20.0 x 103/mm3 

HCO3 < 15 mEq/L  

15 – 19 mEq/L 

> 20 mEq/L 

Glasgow score < 6 

6 – 8 

9 - 10 
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11 - 13 

14 - 15 

Heart rate < 40 

40 – 69 

70 – 119 

120 – 159 

≥ 160 

Urine output < 500 mL/24h 

500 – 999 mL/24h 

≥ 1000mL/24h 

Potassium < 3.0 mEq/L 

3.0 – 4.9 mEq/L 

≥ 5.0 mEq/L 

Bilirubin < 68.4 µmol/L 

68.4 – 102.5 µmol 

≥ 102.6 µmol/L 

 
BUN= blood urea nitrogen, AIDS- acquired immune deficiency syndrome, MV= 
mechanical ventilation, CPAP= continuous positive airway pressure, WBC= 
white blood cell count. 
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The lung injury score (Murray Score) 

The Lung Injury Score stratifies patients admitted with severe respiratory 

distress and ARDS and helps identify those that may benefit form ECMO 128. 

Compliance was calculated using tidal volume, plateau pressure and PEEP 

measures at the same point.  As it was not possible to obtain a measurement 

for plateau pressure when a patient was receiving pressure support ventilation 

peak inspiratory pressure was recorded instead of plateau pressure. 

 

Figure 5 Lung Injury Score used in the STAR trial  
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CXR= chest X ray, PEEP= positive end expiratory pressure 

Figure 5 Lung Injury Score used in the STAR trial  

 

SOFA score 

The Sequential organ failure assessment score (SOFA) predicts ICU mortality 

based on clinical and biochemical markers of systemic organ dysfunction 129.  

In STAR the worst physiological variables were collected serially every 24 

hours of a patient's ICU admission. The worse measurement was defined as 

the measure that correlated to the highest number of points.  Although we are 

Criteria Score 

 
CXR score 

No Alveolar consolidation 0 

Alveolar consolidation confined to 1 quadrant  1 

Alveolar consolidation confined to 2 
quadrants 

2 

Alveolar consolidation confined to 3 
quadrants 

3 

Alveolar consolidation in all 4 quadrants 4 

 
Hypoxaemia- (use first randomised PF ratio) 

PaO2/FiO2  > 39.9 mmHg 0 

PaO2/FiO2   30- 39.9 mmHg 1 

PaO2/FiO2   23.3- 29.9 mmHg 2 

PaO2/FiO2   13.3- 23.2 mmHg 3 

PaO2/FiO2   < 13.3 mmHg 4 

 
PEEP score 

PEEP < 6 cmH2O 0 

PEEP 6-8 cmH2O 1 

PEEP 9- 11 cmH2O 2 

PEEP 12- 14 cmH2O 3 

PEEP > 14 cmH2O 4 

 
Respiratory Compliance 

Compliance > 79 ml/cmH2O 0 

Compliance 60- 79 ml/cmH2O 1 

Compliance 40- 59 ml/cmH2O 2 

Compliance 20- 39 ml/cmH2O 3 

Compliance < 20 ml/cmH2O 4 
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referencing this document it had been decided to factor in continuous veno- 

venous hemofiltration (CVVH) and it can be deduced that those patients on 

CVVH would be assigned a score of 4. 

 

Table 5 The SOFA score  

SOFA 
Score 

0 1 2 3 4 

PaO2/FIO2  
(kPa) 
 

>53.3 ≤53.3 ≤40 ≤26.7 ≤13.3 

Platelets 
(103/mm3) 
 

>150 ≤150 ≤100 ≤50 ≤20 

Bilirubin 
(µmol/l) 
 

<20 20- 32 33- 100 101-203 >203 

MAP  
(mmHg) 

No  
hypotension 

MAP < 
70 
mmHg 

Dopamine 
≤5  

ug/kg/min or  
dobutamine  
(any) 

Dopamine  
>5 or   
epinephrine  
≤0.1 or  
norepinephrine  
≤0.1  

ug/kg/min 

Dopamine  
>15 or   
epinephrine  
> 0.1 or  
norepinephrine 
 >0.1 ug/kg/min 

GCS 
 

15 13-14 10-12 6-9 <6 

Creatinine  
(µmol/l)  
or UO 
(ml/d) 

<106 106-
168 

169-300 301-433 or  
UO <500 

>433 or 
UO <200 
Or CVVH 

 
MAP= mean arterial pressure, GCS= Glasgow coma score, UO= urine output, 
CVVH= continuous veno- venous hemofiltration. 
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Table 6 Summary of assessments and procedures 
 
BAL= Broncho alveolar lavage

 

 
Day 0 Day 1 

Day 2-
3 

Day 4 
Day 5-

6 
Day 7 

Day 8-
13 

Day 14 Day 15- 
42 

DAY 
90 

Eligibility 
assessment 

X 
       

 
 

Informed consent X          

Randomisation X          

Baseline data X          

Daily data  X X X X X X X   

Study drug 
administration 

 X X X X X X X   

Adverse events  X X X X X X X X  

BAL sampling X   X       

Blood sampling X   X  X  X   

Urine sampling X   X  X  X   

Clinical Outcome         X X 
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2.10 Outcome Measures 

As this was a phase 2 clinical study, several surrogate outcomes were 

evaluated to determine whether treatment with aspirin shows efficacy for 

patients with ARDS.  The primary endpoint of this clinical study was to evaluate 

the efficacy of aspirin to improve oxygenation index (OI) at day 7. OI is a 

physiological index of the severity of ARDS and measures both impaired 

oxygenation and the amount of mechanical ventilation delivered. It has been 

shown that OI is independently predictive of mortality in patients with ARDS 130. 

Day 7 was chosen as this time interval will minimise the competing effects of 

death and extubation, while allowing a sufficient time interval for a biological 

effect to occur.  OI (cmH2O/ kPa) is calculated as mean airway pressure (cm 

H20) x FiO2 x 100) ÷ PaO2 (kPa). 

 

The secondary outcomes assessed were; 

1) OI at days 4 and 14,  

2) Physiological indices of ARDS, as measured by respiratory compliance (Crs) 

and PaO2/FiO2 ratio on days 4, 7 and 14,  

3) Change in SOFA score from baseline to day 4, 7 and 14, 

4) Safety and tolerability as assessed by the occurrence of suspected 

unexpected serious adverse reactions (SUSAR). 

 

Other clinical outcomes included; 

1) Duration of ventilation, 

2) Ventilation free days at day 28, 

3) 28- day mortality, 
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4) 90- day mortality, 

5) Length of ICU stay, 

6) Length of hospital stay. 

 

Unassisted breathing i.e. no ventilator support was defined as; 

- Extubated with supplemental oxygen or room air; or  

- Open T-tube breathing; or  

- Tracheostomy mask breathing; or  

- CPAP ≤ 5 cm H2O without pressure support for a full calendar day.   

 

Patients receiving pressure support via non-invasive ventilation were defined  

as receiving ventilator support.  The number of ventilation free days achieved 

before day 28 was retrospectively assessed after a period of 48 hours without 

ventilation having occurred.  The date recorded was the first calendar day of 

the final period of ventilation free days.  

 

Discharge from critical care was defined as discharge to a medical ward in the 

recruiting hospital or another hospital.  A transfer between ICUs was not 

considered as a discharge from critical care.  Hospital discharge was the first 

date that the patient is discharged to home or community, a transfer between 

hospitals was not considered as a hospital discharge. 

 

These important clinical outcomes were not included as formal outcome 

measures as the study was not adequately powered to assess these outcomes. 
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Outcomes were measured at baseline then daily up to day 14 or until the patient 

was discharged from critical care or died.  All data was censored at day 90. 

 

2.11 Safety 

2.11.1 Pharmacovigilance 

As STAR was recruiting in a population that is already in a life-threatening 

situation, it was expected that many of the patients would experience adverse 

events (AEs).  Events that were suspected in this population (i.e. events in 

keeping with the underlying condition) were not reported as AEs. The AEs are 

listed in the summary of product characteristics (SmPC) (see appendix 9) for 

aspirin, which was used as the reference safety information.   

 

AEs that occurred between trial entry and up to 28 days after completion of the 

study drug were reported. Serious adverse events (SAEs) and suspected 

unexpected serious adverse reactions (SUSARs) were reported within 24 hours 

of becoming aware of their occurrence and the Sponsor BHSCT informed the 

MHRA as per the regulatory requirements.   

 

Each AE was assessed against definitions set out by the EU Clinical Trials 

Directive 2001/20.  Initially the definition was assessed using the criteria set out 

in table 7.  Following definition an assessment of severity was made using the 

criteria set out in Table 8.  Finally an assessment of causality was made using 

the criteria set out in table 9. 
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Table 7 Terms and definitions for adverse events 

 

 

 

 

 

 

 

 

 

 

Term Definition 

Adverse Event  

(AE)  

Any untoward medical occurrence in a participant to whom a 
medicinal product has been administered including occurrences 
which are not necessarily caused by or related to that product.  

Adverse Reaction  

(AR)  

Any untoward and unintended response in a participant to an 
investigational medicinal product, which is related to any dose 
administered to that participant.  

Unexpected 
Adverse Reaction  

(UAR)  

An adverse reaction the nature and severity of which is not 
consistent with the information about the medicinal product in 
question set out in the Summary of Product Characteristics (SPC) 
for that product (for products with a marketing authorisation)  

Serious Adverse 
Event (SAE)  

Serious Adverse 
Reaction (SAR)  

Suspected 
Unexpected 
Serious Adverse 
Reaction (SUSAR)  

Respectively, any adverse event, adverse reaction or unexpected 
adverse reaction that:  

 results in death  

 is life-threatening  

 requires hospitalisation or prolongation of existing 

hospitalisation  

 results in persistent or significant disability or incapacity  

 consists of a congenital anomaly or birth defect  

 Or any other important medical event(s) that carries a 

real, not hypothetical, risk of one of the outcomes above 

and suspected transmission via a medicinal product of an 

infectious agent. 
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Table 8 Assessment of Severity 

 

Category Definition 

Mild The adverse event does not interfere with the volunteer’s daily 

routine, and does not require intervention; it causes slight discomfort 

Moderate The adverse event interferes with some aspects of the volunteer’s 

routine, or requires intervention, but is not damaging to health; it 

causes moderate discomfort 

Severe The adverse event results in alteration, discomfort or disability which 

is clearly damaging to health 

 
 
 
 
 
 

Table 9 Assessment of Causality 
 
 

Category Definition 

Definitely: There is clear evidence to suggest a causal relationship, 

and other possible contributing factors can be ruled out. 

Probably: There is evidence to suggest a causal relationship, and the 

influence of other factors is unlikely 

Possibly There is some evidence to suggest a causal relationship 

(e.g. the event occurred within a reasonable time after 

administration of the trial medication). However, the 

influence of other factors may have contributed to the event 

(e.g. the patient’s clinical condition, other concomitant 

events). 

Unlikely There is little evidence to suggest there is a causal 

relationship (e.g. the event did not occur within a 

reasonable time after administration of the trial medication). 

There is another reasonable explanation for the event (e.g. 

the patient’s clinical condition, other concomitant 

treatments). 

Not related There is no evidence of any causal relationship. 

Not Assessable Unable to assess on information available. 
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2.11.2 Trial oversight 

A Trial Management Group (TMG) was set up to manage the daily running of 

the trial, which included a trial manager/ research student, data manager, data 

monitor, representative from pharmacy, a statistician and the chief investigator 

(CI).   

 

An independent Data Monitoring committee (DMC) monitored the safety of the 

participants through regular review of AEs, deaths and any other data as 

requested by the DMC.  They reported any issues pertaining to safety to the CI 

and the Sponsor.   

 

As an additional safety measure the DMC requested the frequency of the 

following events to be included in their safety reports: 

 

1) Fall in haemoglobin below 70 g/l;  

2) Incidence of acute kidney injury correlated to the patient’s age; 

3) All AEs including serious SAEs and occurrences of SUSARs 

 

Furthermore a full clinical assessment and safety blood parameters (FBC, U&E, 

coagulation) were undertaken on a daily basis while the subject received the 

study drug. 
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2.12 Power and sample size 

Sample size calculations were informed by previous clinical trials into ARDS 

123,131.  The primary outcome measure was the difference in OI between the 

aspirin and placebo treated groups at day 7. Based on data from a recently 

completed clinical trial in ARDS, the mean (standard deviation; SD) OI at day 7 

in patients with ARDS is 62 (51) cmH2O/kPa 123.  A sample size of 56 subjects 

(28 in each group) will have 80% power at a two-tailed significance level of 0.05 

to detect a clinically significant difference of 39 cmH2O/kPa in OI between 

groups. In a previous phase 2 study of similar size, we have found that an 

intervention can demonstrate a change in OI of a similar magnitude confirming 

a treatment effect of this size can be achieved 123. 

 

Although we anticipated few withdrawals or loss to follow-up we allowed for this 

in the sample size calculation. In the previous single centre study of simvastatin 

in ARDS there were no withdrawals. In a multi-centre UK study of pulmonary 

artery catheters in ICU patients (PAC-Man), no patients were lost to follow up, 

and only 3% withdrew consent after recovering competency 124. Therefore a 

drop-out rate of 5% was estimated and the study therefore required a total of 

60 patients (30 in each group). 

 

2.13 Statistical analysis plan 

Analyses were on an intention-to-treat basis.  The primary outcome measure 

was OI at day 7. The primary analysis looked at OI at day 7 using only data 

available at that specific time point.   A further analysis of OI at day 7 used the 

last available data before the patient discontinued form the study.  Secondary 
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outcomes were analysed using only the data available at the specified time 

point without imputation. Unadjusted and adjusted analyses were undertaken. 

Unadjusted analyses used interdependent t-test. Adjusted analysis used 

Analysis of Covariance (ANCOVA) adjusting for the baseline values. 

 

The ventilator free days (VFD) score, duration of mechanical ventilation and 

length of stay (LOS) outcomes were summarized using median and inter-

quartile range (p25 to p75) and tested using Wilcoxon rank-sum test. The 

categorical variables were tested using Fisher’s exact test. Linear mixed model 

was used to compare change, over time, in safety bloods. All available data-

points were considered in the model, treatment was the fixed effect and patient 

was the random effect in the mixed model. This model provides an estimate of 

fixed effects while adjusting for the non-independence due to repeated 

measurements on each subject. 

 

A full statistical analysis plan was published before completion of the study 115. 

 

 

 

 

 

 



84 
 

2.14 Post randomisation withdrawals and exclusions 

Patients could have withdrawn or be withdrawn by their representative from the 

trial at any time without prejudice and consent would have been requested to 

use the data collected to that point.  If a patient or their representative requested 

termination of the trial drug during the treatment period, the drug would have 

been stopped but the patient would continue to be followed-up as part of the 

trial, unless they also explicitly requested withdrawal from follow-up. 

 

 

2.15 End of trial 

The trial was due to stop when 60 patients had been recruited and completed 

90-day follow-up. 

 

The trial could have been stopped prematurely if: 

 Mandated by the Ethics Committee 

 Mandated by the MHRA 

 Mandated by the sponsor e.g. following recommendations from the 

DMC. 

 

2.16 Mechanistic analysis 

An exploratory study was included to provide insight into the mechanism by 

which aspirin may be an effective treatment in ARDS.  If possible blood, 

bronchoscopy and lavage (BAL) and urine were taken on days 0 and 4, then 

further blood and urine taken on days 7 and 14, while patients continue to 

receive the study drug.   
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It was not possible to collect all samples from all patients at all-time points, if 

samples are not collected this was not be recorded as a protocol violation.  In 

keeping with standard recommendations, patients who received more than 

80% inspired oxygen or had a PEEP of >10cm H2O did not undergo 

bronchoscopy and BAL. In addition if the ICU consultant had any concerns 

regarding safety the procedure was not undertaken. 

 

Samples were analysed for biological markers of pulmonary and systemic 

inflammation, as well as pulmonary and systemic epithelial and endothelial 

function.  Systemic markers of inflammation included plasma CRP, total 

leucocyte count and neutrophil count, these were included due to the significant 

role of neutrophils 10 and macrophages 11 in the initial exudative stage of ARDS.  

Other biological markers tested were Il- 18, Il- 6, Il- 8 and MCP due to their 

presence in platelet granules released when platelets are activated 139,140.  

Furthermore these markers were used as outcomes in various pre-clinical 

studies underpinning the evidence for aspirin 90,140.   

 

Furthermore we assessed the pharmacodynamics of aspirin in the critically ill.  

We did not measure the pharmacokinetics of aspirin in the critically ill opting to 

focus on pharmacodynamics.  Multiple parameters could be measured to 

assess the pharmacodynamics including platelet aggregation, but TXB2 is 

largely accepted as an appropriate surrogate marker for aspirin 

pharmacodynamics 64.   
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2.16.1 Plasma collection and storage 

Plasma samples were collected at baseline, day 4, 7 and 14.  At baseline 

samples were collected prior to drug administration, and again at 10, 20, 30 

and 60 minutes after drug administration.  Samples were collected in Li- 

heparin, citrate and EDTA anticoagulant bottles.  Samples were centrifuged at 

2000 x g for 10 minutes.  The supernatant was then stored in 500 µl aliquots at 

-80 oC until batch analysis at the end. 

 

2.16.2 Urine collection and storage 

Urine samples were collected at baseline and on days 4, 7 and 14.  A maximum 

of 10ml of urine was collected at a time.  This was centrifuged at 500 x g for 5 

minutes.  The supernatant was then stored in 500 µl aliquots at    -80 oC until 

batch analysis at the end. 

 

2.163 Assay procedures 

Thromboxane B2 ELISA kit  

Abcam’s thromboxane B2 ELISA (ab 122022) is an in vitro competitive kit for 

biological fluids including BAL, plasma and urine.  

 

Assay procedure: 

1) Serially diluted standards were produced just prior to use. 

2) Samples were fully defrosted and briefly vortexed just prior to use. 

3) The plate was set up with standard wells, blank wells and NSB (non-specific 

binding) wells as per the instructions. 

4) 100 µl of the samples were added to the appropriate wells. 
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5) 50 µl of Assay Buffer was added to the NSB well. 

6) 50 µl of TXB2 Alkaline Phosphatase Conjugate was added to the standard, 

sample, blank and NSB wells. 

7) 50 µl of TXB2 Antibody was added to the standard, sample and blank wells. 

8) The plate was incubated at room temperature on a plate shaker for 2 hours 

at 500 rpm, while covered with a plate sealer. 

9) The contents of the wells were then emptied and individually washed with 

400 µl of Wash Buffer a total of 3 times.  Following the final wash the plate was 

firmly tapped to ensure all wells were empty. 

10) 200 µl of pNpp Substrate solution was added to every well. 

11) The plate was then incubated at room temperature for 45 minutes without 

shaking. 

12) 50 µl of Stop Solution was added to every well. 

13) The plate was read immediately. 

14) This was repeated for the number of wells required to read all the samples. 

 

Procarta Plex Multiplex Immunoassay 

Invitrogen Procarta Plex Multiplex Immunoassay (MAN0017081) is a kit to 

preform quantitative multiplexed protein measurements form plasma samples 

using magnetic bead technology.  This immunoassay was designed to detect 

Il- 18, Il- 8, Il-6 and monocyte chemo attractant protein 1 (MCP 1). 

 

Assay procedure: 

1) Serially diluted standards were produced just prior to use. 

2) Samples were fully defrosted and briefly vortexed just prior to use. 
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3) The magnetic bead vial was vortexed for 30 seconds. 

4) 50 µl of the magnetic bead solution was added to each well. 

5) The well was securely inserted into the magnetic plate washer and allowed 

to settle for 2 minutes. 

6) While inserted in the magnetic plate the plate was quickly inverted to empty 

the wells and then blotted against some tissue paper to empty the wells. 

7) 150 µl of Wash Buffer was added to each well and allowed to settle for 30 

seconds. 

8) The Wash Buffer was removed by quickly inverting and then blotted against 

some tissue paper to empty the wells. 

9) The plate was then removed from the magnetic plate. 

10) The prepared standards, buffers and samples were added to the pre-

determined wells on the plate. 

11) The plate was sealed with the plate cover, this was then coved with the 

black cover. 

12) The plate was then incubated at room temperature for 120 minutes on a 

plate shaker at 500 rpm. 

13) The plate was then securely inserted back into the magnetic plate washer 

and allowed to settle for 2 minutes. 

14) While inserted in the magnetic plate the plate was quickly inverted to empty 

the wells and then blotted against some tissue paper to empty the wells. 

15) 150 µl of Wash Buffer was added to each well and allowed to settle for 30 

seconds. 

16) The Wash Buffer was removed by quickly inverting and then blotting it 

against some tissue paper to empty the wells. 
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17) The plate was then removed from the magnetic plate. 

18) 25 µl of the Detection Antibody Mixture was added to each well. 

19) The plate was then sealed and placed in the black plate cover.   

20) The plate was then incubated at room temperature for 30 minutes on a plate 

shaker at 500 rpm. 

21) The plate was then securely inserted back into the magnetic plate washer 

and allowed to settle for 2 minutes. 

22) While inserted in the magnetic plate the plate was quickly inverted to empty 

the wells and then blotted against some tissue paper to empty the wells. 

23) 150 µl of Wash Buffer was added to each well and allowed to settle for 30 

seconds. 

24) The Wash Buffer was removed by quickly inverting and then blotting it 

against some tissue paper to empty the wells. 

25) 50 µl of Streptavidin- PE solution was added to each well. 

26) The plate was then sealed and placed in the black plate cover.   

27) The plate was then incubated at room temperature for 30 minutes on a plate 

shaker at 500 rpm. 

28) The plate was then securely inserted back into the magnetic plate washer 

and allowed to settle for 2 minutes. 

29) While inserted in the magnetic plate the plate was quickly inverted to empty 

the wells and then blotted against some tissue paper to empty the wells. 

30) 150 µl of Wash Buffer was added to each well and allowed to settle for 30 

seconds. 

31) The Wash Buffer was removed by quickly inverting and then blotting it 

against some tissue paper to empty the wells. 
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32) 120 µl of Reading Buffer was added to each well. 

33) The plate was then sealed and placed in the black plate cover.   

34) The plate was then incubated at room temperature for 5 minutes on a plate 

shaker at 500 rpm. 

35) The seal was then removed and was run on the Luminex reader. 
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Chapter 3:  

Clinical Results 
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3.1 Consort diagram 
 
The STAR trial opened for recruitment on 10th February 2015 and continued 

screening and recruiting until it was closed on the 25th November 2018.  During 

this 45-month period a total of 593 potential participants were screened with 49 

(8.3%) successfully recruited.   

 

From the 49 patients randomised 24 were allocated to the aspirin group and 25 

to the placebo group.  All patients received their allocated medications and no 

patients withdrew or were lost to follow up.  A total of 34 patients had an OI 

recorded for day 7 (17 in aspirin group and 17 in placebo group) and therefore 

form the primary analysis of observed OI at day 7.  In those patients with no 

observed day 7 OI we imputed the last recorded OI and were included in the 

subsequent analysis.  The consort diagram is shown in figure 6. 

 
In November 2018 the DMC recommended closure of the study after 49 of the 

planned 60 patients had been recruited, due to slow recruitment. No safety 

concerns were highlighted by the DMC. The end of trial conformation 

certificates sent to the MHRA and the ORECNI are located in appendix 10. 
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Figure 6 Consort diagram for STAR trial. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

 
 
 
 
 

 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

     593 assessed 

     49 randomised 

24 allocated to 
aspirin 

25 allocated to 
placebo 

Primary analysis n= 17 
- 7 extubated 
- 0 died 
 

Primary analysis n= 17 
- 7 extubated 
- 1 died 
 

Lost to follow up n=0 
 
Analysed n= 24 

Lost to follow up n=0 
 
Analysed n=25 

544 excluded 
      520 did not meet eligibility 

criteria 

      9 did not give consent 
      15 other reasons 
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3.2 Screening and recruitment 
 
The total number of potential patients screened verses those successfully 

randomised for each month is displayed in Figure 7, while the actual recruitment 

verses the expected recruitment in Figure 8. 

 

The undulating pattern reflects the seasonal increase in respiratory related 

hospital admissions.  Furthermore the increase in screened patients from 2017 

on is due to the protocol amendments to increase the recruiting sites and 

tighten the exclusion criteria, unfortunately the increase in screening did not 

translate into a significant increase in recruitment. 

 
 
Fig. 7 Screening and recruitment during the course of the study. 
 

 
Monthly screening record- those meeting inclusion criteria (blue) with those 
successfully recruited (red) during the course of the study. 
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Fig. 8 Actual recruitment against expected recruitment during the course of 

the study. 

 
 

 

Target recruitment is represented by -- and  represents actual accrual 
 

 

The single largest reason for exclusion was due to ‘active or recent bleeding or 

recurrent or active peptic ulcer disease’.  This is closely followed by ‘currently 

receiving aspirin therapy or received therapy within the past 4 weeks’.   

Together these account for almost 50% of all exclusions.  Table 10 lists the 

various exclusion criteria and the number of potential patients excluded for 

each reason.  There are a total of 564 exclusions for 544 excluded patients as 

some potential participants had multiple reasons for exclusion.  Various other 

recorded reasons for exclusion not listed in the protocol included patients being 

0

5

10

15

20

25

30

35

40

45

50

55

60

0 5 10 15 20 25 30 35 40 45

N
u
m

b
e

r 
o

f 
p

a
ti
e

n
ts

Month



96 
 

relocated to a non- recruiting site before consent was obtained or being unable 

to confirm past medical history and allergy status, as the patients were non- UK 

residents and with no available next of kin.   

 

Several protocol amendments were successfully approved by the ORECNI, 

MHRA and the Sponsor BHSCT, and implemented during the course of the 

study.  The first amendment increased the number of recruiting sites, changing 

it form a single site to a multi- site trial.  The next amendment adjusted the 

platelet cut off to less than 50 x 109/l from less than 100 x 109/l and the exclusion 

of patients on methotrexate was limited to those on 15mg or more per week.  

Finally the exclusion of patients with active or recurrent peptic ulcer disease 

was limited to active disease within the previous five years.  These 

amendments did result in an increase in screed patients but unfortunately this 

did not translate into an increase in recruitment. 
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Table 10 the number of potential patients excluded for each exclusion 
 
 

Reason for exclusion Number of 
patients 

Percentage 
(%) 

More than 72 hours from diagnosis of ARDS 25 4 

Less than 16 years old 3 0.5 

Patient is known to be pregnant 1 0.2 

Participation in a clinical trial of an 
investigational medicinal product within 30 
days 

4 0.7 

Current treatment with aspirin or within the 
past 4 weeks 

139 23 

Platelet count < 100 x 109/l  16 3 

Platelet count < 50 x 109/l 42 7 

Haemophilia or other haemorrhagic disorder 
or concurrent therapeutic anticoagulant 
therapy 

18 3 

Active or history of recurrent peptic ulcer 
and/ or gastric/ intestinal haemorrhage or 
other kinds of bleeding such as 
cerebrovascular haemorrhage 

141 24 

Traumatic brain injury 38 6 

History of aspirin sensitive asthma or nasal 
polyps associated with asthma 

0 0 

Active gout 2 0.4 

Currently receiving methotrexate 5 0.8 

Severe chronic liver disease with Child-Pugh 
score > 12 

5 0.8 

Known hypersensitivity or previous adverse 
reaction to salicylic acid compounds or 
prostaglandin synthase inhibitors 

13 2 

Physician decision that aspirin is required for 
proven indication 

2 0.4 

Contraindication to enteral drug 
administration, e.g. patients with mechanical 
bowel obstruction 

30 5 

Treatment withdrawal imminent within 24 
hours 

32 5 

Consent declined 9 1.5 

Other* 39 6.5 

 
Data are n (%) 
Some potential patients had several reasons for exclusion. 
 
* Other reasons for inclusion included not mechanically ventilated, transfer to 
non- recruiting site, transferred in from a non-recruiting site after diagnosis 
established and unable to determine past medical history or allergy status. 
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3.3 Baseline characteristics  
 
The baseline demographic and clinical characteristics for each randomised 

group are shown in table 11.   

 

Overall the average age for participants was 55.9 years with 49% of all 

participants being male.  While the two groups were largely comparable, the 

aspirin group had more male participants (aspirin 58.3% vs placebo 40%), had 

a higher baseline APACHE II score (aspirin 24.4 vs placebo 22.0), a lower 

vasopressor requirement (aspirin 54.2% vs placebo 64%) and a lower baseline 

OI (aspirin 59.3 vs placebo 66.3). 
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Table 11 Baseline demographics and clinical characteristics 
 

  Aspirin Placebo 

Number 24 25 

Age- years (SD) 55.4 (12) 56.4 (17.7) 

Male sex- no. (%) 14 (58.3) 10 (40) 

APACHE II score (SD) 24.4 (7.3) 22.0 (7.7) 

Mean arterial pressure- mmHg (SD)* 64.3 (7.2) 65.0 (5.3) 

Tidal Volume- ml/kg PBW (SD)* 7.2 (2.3) 7.6 (2.4) 

Vasopressor required- yes no. (%)* 13 (54.2) 16 (64.0) 

Respiratory Compliance- l/cmH2O (SD)* 36.2 (23.2) 31.7 (17.5) 

Plateau pressure- cm H2O (SD)* 23.5 (6.0) 24.1 (4.9) 

Oxygenation index- kPa (SD)* 59.3 (30.3) 66.3 (21.0) 

PaO2/ FiO2 ratio- kPa (SD)* 26.3 (7.7) 23.8 (6.7) 

SOFA score (SD)* 9.4 (3.3) 10.3 (4.0) 

 
Data are n (%) or mean (SD).  
 
*at randomisation. 
 
APACHE II= acute physiology and chronic health evaluation.  OI= oxygenation 
index.  SOFA= sequential organ failure assessment, PBW= predicted body 
weight. 
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In table 12 the incidence for each aetiology is listed.  The main cause of ARDS 

was pneumonia, but the placebo group had more sepsis induced ARDS than 

the aspirin group (placebo 40% vs aspirin 20.8%).  Some patients had more 

than one recorded cause of ARDS, in the aspirin group there were 30 causes 

of ARDS for 24 patients and in the placebo group there were 37 causes of 

ARDS for 25 patients.   

 
 
 
Table 12 Aetiology of ARDS in each group. 
 

Aetiology of ARDS- no. (%)* Aspirin Placebo 

Smoke/ toxin inhalation 1 (4.2) 2 (8.0) 

Gastric content aspiration 6 (25.0) 6 (24.0) 

Near drowning 0 (0.0) 0 (0.0) 

Thoracic trauma 2 (8.3) 2 (8.0) 

Pneumonia 14 (58.3) 13 (52.0) 

Sepsis 5 (20.8) 10 (40.0) 

Pancreatitis 1 (4.2) 0 (0.0) 

Non- thoracic trauma 0 (0.0) 1 (4.0) 

Other ≠ 1 (4.2) 3 (12.0) 

No aetiology found 0 (0.0) 0 (0.0) 

 
Data are n (%). 
 
* Some patients had more than one recorded cause of ARDS, in the aspirin 
group there were 30 causes of ARDS for 24 patients and in the placebo group 
there were 37 causes of ARDS for 25 patients. 
 
≠ Other causes include out of hospital cardiac arrest, blood transfusion related 
and intra-abdominal surgery. 
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3.4 Protocol deviations  
 
All patients recruited fulfilled the eligibility criteria.  Once randomised all patients 

received their allocated study drug and no patient received the incorrect study 

drug.   A total of 8 protocol deviations were recorded during the trial.  Four 

patients (1 in aspirin group and 3 in placebo) received an extra dose of their 

allocated study drug in error, either after it had been discontinued or after the 

total 14 day course was complete.  Two patients (1 aspirin and 1 placebo) had 

a dose of their allocated study drug omitted in error.  Two other protocol 

deviations were recorded which both involve accidental discarding of the extra 

study drug provided; each study drug bottle was supplied with 14 extra capsules 

in anticipation of such events. 

 
Table 13 Protocol deviations and protocol violations. 
 

Protocol deviations/ violations Aspirin Placebo 

Eligibility 0 0 

Study drug administration 
  

 Did not receive allocated 
treatment 

0 0 

 Received treatment form other 
group 

0 0 

 Study drug omitted in error 1 1 

 Study drug received in error 1 3 

 Other 1 1 

Other ≠ 0 0 

 
Data are events 
 
≠ Other causes for protocol deviations both involve accidental discarding of the 
extra study drug provided. 
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3.5 Termination of study drug 
 
The median (IQR) duration of treatment was 9 (6-13) days in the aspirin group 

and 8 (6-14) days in the placebo group.  The maximum duration of treatment 

was 14 days, 9 patients in the placebo group reached the maximum treatment 

length compared to 5 in the aspirin group.   

 

The most common reasons for discontinuation of the study drug in the aspirin 

group were discharge from critical care (aspirin 29% vs placebo 20%) and due 

to an AE (aspirin 29% vs placebo 24%), while in the placebo group the most 

common reason was completion of the treatment course (placebo 36% vs 

aspirin 21%).   

 

Table 14 lists the mean and standard deviation for the duration of treatment 

plus the reasons for drug termination in each group. 
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Table 14 Drug duration and reason for termination. 

  
Aspirin Placebo 

Median duration of study drug – days 
(IQR) 

9 (6-13) 8 (6-14) 

Reason for drug termination 
  

14 days after randomisation (%)* 5 (21) 9 (36) 

Study drug related AE (%) 7 (29) 6 (24) 

Discharge from critical care (%) 7 (29) 5 (20) 

Death (%) 1 (4) 1 (4) 

Discontinuation of active medical 
treatment (%) 

1 (4) 1 (4) 

Request to terminate drug from legal 
representative or patient (%) 

0 0 

Decision by clinician on safety grounds 
(%) 

1 (4) 0 

Clinical indication for treatment with 
aspirin (%) 

2 (8) 2 (8) 

Other (%) 0 1 (4) 

 
Data are median (IQR) or n (%) 
 
* 14 days after randomisation represents the maximum treatment duration. 
 
AE= adverse event 
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3.6 Efficacy analysis 
 
       3.61 OI day 7 
 
The primary outcome was OI on day 7.  A total of 34 patients had an OI 

recorded for day 7 (17 in aspirin group and 17 in placebo group) and therefore 

form the observed OI at day 7.  In those patients with no observed day 7 OI the 

last recorded OI was used as an imputed OI at day 7.  Table 15 lists the reason 

for patients not achieving OI at day 7 for each group. 

 
Table 15 Reason for no observed day 7 OI 
 

Reason for no day 7 OI (%) Aspirin Placebo 

Death  0 (%) 1 (4.0%) 

Extubated 7 (29.2%) 7 (28%) 

Total 7 8 

 
Data are n (%) 
 
 
There was no significant difference between the unadjusted mean observed OI 

in the aspirin group (mean 54.4 [SD 26.8]) and the placebo group at day 7 (42.4 

[SD 25.0]; mean difference 12.2, 95% CI -6.2 to 30.7, p= 0.19).  Similarly, there 

was no significant difference between the unadjusted mean imputed day 7 OI 

in the aspirin group (mean 45.7 [SD 27.0]) and the placebo group at day 7 (46.8 

[SD 33.8]; mean difference -1.1, 95% CI -18.7 to 16.6, p= 0.90). 

 

When adjusted for baseline values there was also no significant difference in 

either the observed or imputed day 7 OI between the two groups.  Table 16 lists 

both the unadjusted and adjusted (for baseline) mean day 7 OI for each group 

for both imputed and observed values.   
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Table 16 Mean observed and imputed values for day 7 OI 
 
 
Unadjusted analysis 

OI – cmH2O/ kPa Aspirin 
(SD; n) 

Placebo 
(SD; n) 

Mean difference 
(95% CI) 

p ♯ 

Observed values 
(n= 34) 

54.4 (26.8; 
n=17) 

42.4 (25.0; 
n=17) 

12.0 (-6.1 to 30.1) 0.19 

Imputed values* 

(n= 49) 
45.7 (27.0; 

n=24) 
46.8 (33.8; 

n=25) 
-1.1 (-18.7 to 16.6) 0.90 

 
Adjusted analysis 

OI – cmH2O/ kPa Aspirin 
(SE; n) 

Placebo 
(SE; n) 

Mean difference 
(95% CI) 

p ≠ 

Observed values 
(n= 34) 

54.4 (6.4, 
n=17) 

42.3 (6.4, 
n=17) 

12.2 (-6.2 to 30.7) 0.19 

Imputed values* 
(n= 49) 

46.8 (6.1, 
n=24) 

45.7 (6.0, 
n=25) 

1.1 (-16.3 to 18.5) 0.90 

 
Unadjusted and adjusted (for baseline) analysis on Day 7 OI.  For unadjusted 
data is mean (SD; number of patients analysed), for adjusted data is mean (SE; 
number of patients analysed).   
 
SD or SE not available when n= 1.  
 
 OI= oxygenation index.  
 
* Analysis used the last available data before the patient discontinued form the 
study of data was missing form a specific time point.  Other outcomes were 
analysed using only data available at the specific time point. 
 
♯ p value calculated via t test 
 
≠ p value calculated via ANCOVA 
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3.62 OI day 4 and 14 
 
There was no significant difference in unadjusted mean observed OI between 

the aspirin and placebo groups on days 4 or 14 (p= 0.49 and 0.33 respectively).  

When adjusted for baseline values there was also no significant difference in 

the observed day 4 or 14 OI, as demonstrated in table 17 and figure 9.  Only 

data available at the specific time point was analysed. 

 
Table 17 Mean OI for baseline and days 4, 7 and 14 
 
Unadjusted analysis 

OI – cmH2O/ kPa Aspirin 
(SD; n) 

Placebo 
(SD; n) 

Mean difference 
(95% CI) 

p ♯ 

Day 4 (n= 45) 61.4 (36.9; 
n=22) 

54.5 (28.8; 
n=23) 

6.9 (-13.0 to 26.8) 0.49 

Day 7 (n=34) 54.4 (26.8; 
n=17) 

42.4 (25.0; 
n=17) 

12.0 (-6.1 to 30.1) 0.19 

Day 14 (n= 17) 52.3 (36.6; 
n=7) 

37.4 (24.1; 
n=10) 

14.9 (-16.4 to 46.1) 0.33 

 
Adjusted analysis 

OI – cmH2O/ kPa Aspirin 
(SE) 

Placebo 
(SE) 

Difference (95% CI) p ≠ 

Day 4 (n= 45) 62.0 (6.9, 
n= 22) 

53.9 (6.7,  
n= 23) 

8.1 (-11.3 to 27.6) 0.40 

Day 7 (n=34) 54.4 (6.4, 
n=17) 

42.3 (6.4, 
n=17) 

12.2 (-6.2 to 30.7) 0.19 

Day 14 (n= 17) 52.3 (13.4, 
n=7) 

37.3 (10.8, 
n=10) 

15.0 (-25.4 to 55.4) 0.44 

 
Unadjusted and adjusted (for baseline) analysis on Day 4, 7 and 14 OI.  For 
unadjusted data is mean (SD; number of patients analysed), for adjusted data is 
mean (SE; number of patients analysed).   
 
SD or SE not available when n= 1. OI= oxygenation index.  
 
All outcomes were analysed using only data available at the specific time point. 
 
♯ p value calculated via t test 
 
≠ p value calculated via ANCOVA 
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Fig 9 Adjusted mean OI at baseline and days 4,7 and 14 
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 3.63 Compliance and PaO2/FiO2 ratio days 4, 7 and 14 
 
There was no significant difference in unadjusted mean observed PaO2/FiO2 

ratio between the aspirin and placebo groups on days 4, 7or 14 (p= 0.85, 0.27 

and 0.76 respectively).  When adjusted for baseline values there was also no 

significant difference in the observed day 4, 7 or 14 PaO2/FiO2 ratio as 

demonstrated in table 18 and figure 10.  Only data available at the specific time 

point was analysed. 

 
Table 18 Mean PaO2/FiO2 ratio at baseline and days 4, 7 and 14 
 
Unadjusted analysis 

Mean PaO2/FiO2 
ratio 
(kPa) 

Aspirin 
(SD; n) 

Placebo 
(SD; n) 

Mean difference 
(95% CI) 

p ♯ 

Day 4 (n= 47) 26.1 (9.2; 
n=24) 

25.9 (9.0; 
n=23) 

0.5 (-4.9 to 5.9) 0.85 

Day 7 (n=43) 26.8 (9.9; 
n=21) 

30.6 (12.2; 
n=22) 

-3.8 (-10.6 to 3.1) 0.27 

Day 14 (n= 25) 27.7 (9.9; 
n=10) 

28.4 (9.1; 
n=15) 

-1.2 (-9.0 to 6.6) 0.76 

 
Adjusted analysis 

Mean PaO2/FiO2 
ratio 
(kPa) 

Aspirin 
(SE; n) 

Placebo 
(SE; n) 

Mean difference 
(95% CI) 

p ≠ 

Day 4 (n= 47) 25.9 (1.9; 
n=24) 

25.9 (1.9; 
n=23) 

-0.05 (-5.3 to 5.4) 0.99 

Day 7 (n=43) 26.5 (2.4; 
n=21) 

31.0 (2.3; 
n=22) 

-4.5 (-11.2 to 2.3) 0.19 

Day 14 (n= 25) 26.7 (2.9; 
n=10) 

29.5 (2.3; 
n=15) 

-2.8 (-10.7 to 5.0) 0.46 

 
Unadjusted and adjusted (for baseline) analysis on Day 4, 7 and 14 PaO2/FiO2 
ratio.  For unadjusted data is mean (SD; number of patients analysed), for 
adjusted data is mean (SE; number of patients analysed).   
 
SD or SE not available when n= 1.  
 
All outcomes were analysed using only data available at the specific time point. 
 
♯ p value calculated via t test         ≠ p value calculated via ANCOVA 
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Fig 10 Adjusted mean PaO2/FiO2 ratio at baseline and days 4, 7 and 14 
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There was no significant difference in unadjusted mean respiratory compliance 

between the aspirin and placebo groups on days 4 or 14 (p= 0.46, 0.53 

respectively).  When adjusted for baseline values there was also no significant 

difference in the observed day 4, 7 or 14 respiratory compliance as 

demonstrated in table 19 and figure 11.  Only data available at the specific time 

point was analysed, data was only available for a small number of patients as 

it wasn’t possible to obtain respiratory compliance value in those receiving 

pressure support ventilation. 

 
Table 19 Mean respiratory compliance at baseline and days 4, 7 and 14 
 
Unadjusted analysis 

Mean respiratory 
compliance 
(l/cmH2O) 

Aspirin 
(SD; n) 

Placebo 
(SD; n) 

Mean difference 
(95% CI) 

p ♯ 

Day 4 (n= 18) 31.5 (24.3; 
n=9) 

24.6 (11.8; 
n=9) 

6.9 
(-12.2 to 25.9) 

0.46 

Day 7 (n=8) 65.5 (81.2; 
n=4) 

37.1 (25.4; 
n=4) 

28.3 
(-75.7 to 132.4) 

0.53 

Day 14 (n= 2) 
36.5 (n=1) 14.2 (n=1) 

22.3 
(N/A) 

N/A 

 
Adjusted analysis 

Mean respiratory 
compliance 
(l/cmH2O) 

Aspirin 
(SE; n) 

Placebo 
(SE; n) 

Mean difference 
(95% CI) 

p ≠ 

Day 4 (n= 18) 22.6 (4.4; 
n=9) 

28.1 (4.1; 
n=9) 

-5.5 (-19.1 to 8.1) 0.39 

Day 7 (n=8) 75.5 (46.8; 
n=4) 

39.9 (46.8; 
n=4) 

35.6 (-175.9 to 247.2) 0.63 

Day 14 (n= 2) 
    

 
Unadjusted and adjusted (for baseline) analysis on Day 4, 7 and 14 respiratory 
compliance.  For unadjusted data is mean (SD; number of patients analysed), 
for adjusted data is mean (SE; number of patients analysed). SD or SE not 
available when n= 1. All outcomes were analysed using only data available at 
the specific time point. 
♯ p value calculated via t test        ≠ p value calculated via ANCOVA 
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Fig 11 Mean respiratory compliance at baseline and days 4, 7 and 14 
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       3.64 Change in SOFA score from baseline to days 4, 7 and 14 
 
There was no significant difference from in unadjusted SOFA score from 

baseline to days 4 or 7 between the aspirin and placebo (p= 0.54 and 0.13 

respectively).  On day 14 there was a significant difference between the 

changes in unadjusted SOFA score from baseline, however data for only a 

small number of patients is available for this time point and the STAR study was 

not adequately powered for this outcome. 

 

When adjusted for baseline values there was also no significant difference in 

the change in SOFA score at baseline to days 4, 7 and 17 (p= 0.66, p= 0.23 

and p= 0.10 respectively.   

 
As shown in table 20 and figure 12. 
 
 
 
 
 
Table 20 Change in SOFA score form baseline to days 4, 7 and 14 
 
 
Unadjusted analysis 

  Aspirin (SD; n) Placebo 
(SD; n) 

Mean 
difference 
(95% CI) 

p ♯ 

Day 4 
-1.3 (2.9; n=22) 

-1.9 (2.9; 
n=21) 

0.5  
(-1.2 to 2.3) 

0.54 

Day 7 
-2.8 (3.8; n=20) 

-4.4 (3.0; 
n=21) 

1.1  
(-0.5 to 3.8) 

0.13 

Day 14 
-2.7 (3.6; n=10) 

-7.3 (4.0; 
n=13) 

4.6  
(1.3 to 7.9) 

0.009 

 
 
 
 
 
 
 
 



113 
 

Adjusted analysis 

  Aspirin (SE; n) Placebo 
(SE; n) 

Mean 
difference 
(95% CI) 

p ≠ 

Day 4 
-1.4 (0.6; n=22) 

-1.8 (0.6; 
n=21) 

0.4  
(-1.4 to 2.1) 

0.66 

Day 7 
-2.9 (0.7; n=20) 

-4.2 (0.7; 
n=21) 

1.3  
(-0.8 to 3.3) 

0.23 

Day 14 
-3.8 (1.1; n=10) 

-6.4 (0.9; 
n=13) 

2.6  
(-0.5 to 5.8) 

0.10 

 
Unadjusted and adjusted (for baseline) analysis on change in SOFA score on 
days 4, 7 and 14.  For unadjusted data is mean (SD; number of patients 
analysed), for adjusted data is mean (SE; number of patients analysed).  SD or 
SE not available when n= 1.  
 
SOFA= sequential organ failure assessment. 
All outcomes were analysed using only data available at the specific time point. 
 
♯ p value calculated via t test        
 
 ≠ p value calculated via ANCOVA 

 
 
Fig 12 Adjusted (for baseline) change in SOFA score form baseline to days 4, 
7 and 14 
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3.7 Safety 
 
       3.71 Adverse events/ serious adverse events 
 
A total of 26 AEs were recorded between the randomised groups (13 in each 

group), including 5 SAEs (two in the aspirin group and 3 in the placebo group).  

Table 3.71.1 summarises the number of adverse events and serious adverse 

events for each group.   

 

Only one SAE was related to the study drug (a haemorrhagic stroke), which 

occurred in the placebo group. The remaining four SAEs included one 

myocardial infarction (in the aspirin group) and 3 thrombotic strokes (1 in aspirin 

group and 2 in placebo group) all of which required aspirin as a treatment.  

These SAEs were assessed by the chief investigator and an independent ICU 

physician as being unrelated to the study drug and due to the underlying 

medical condition.  No SUSARs were reported during the trial, and no patients 

were unblinded during the study. 

 

The most common AE was a drop in haemoglobin (7 events in aspirin group 

and 8 in placebo group). There was no difference in the mean haemoglobin 

levels up to day 14 (p= 0.94), see table 21 and Fig 13.  Other bleeding related 

AEs included a sub conjunctival haemorrhage (aspirin group), haemoptysis 

post suction (aspirin group), a small volume of blood found in an ileostomy bag 

(placebo group) and aspiration of a small volume of blood from the NG tube 

(aspirin group).  The reaming AEs include an increase in ventilation 

requirements following sedation for a BAL (placebo group) and the 

development of thrombocytosis requiting aspirin treatment (aspirin group).   
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Table 21 Safety outcomes 
 

  Aspirin Placebo Relative Risk ratio 
(95% CI) 

p - value 

Total adverse events 13 13 1.04 (0.56 to 1.94) 0.56 

Total adverse events 
related to the study 
drug 

9 10 1.04 (0.50 to 2.17) 0.57 

Total serious adverse 
events 

2 3 0.69 (0.13 to 3.80) 0.52 

Total serious adverse 
events related to the 
study drug 

0 1 N/A N/A 

Total serious adverse 
events related to the 
study drug and 
unexpected 

0 0 N/A N/A 

Fatal serious adverse 
events  

0 0 N/A N/A 

 
Data are number of events.  The serious adverse event related to the study 
drug was a haemorrhagic stroke, which occurred in the placebo group.  The 
remaining four serious adverse events included one myocardial infarction (in 
the aspirin group) and 3 thrombotic strokes (1 in aspirin group and 2 in placebo 
group) all of which required aspirin as a treatment. 
 
 

One SAE occurred in a patient who consented to join the study, but had not yet 

been randomised.  During a baseline protocol specified investigation 

(bronchoscopy) an oesophageal perforation was identified, which subsequently 

excluded him as that prevented enteral drug administration.  This was prior to 

randomisation or the administration of any study medication and so, although 

the patient had been eligible at the time of consent, the patient was regarded 

as ineligible post-consent as he was unable to receive study drug. This SAE 

was reported to the DMC and Sponsor  and in the annual Drug Safety Update 
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Report to the Medicines and Healthcare products Regulatory Agency (MHRA) 

but, given that it was identified pre-randomisation and it was not possible to 

administer study drug, the patient was not enrolled in the trial. Therefore, the 

SAE is not included in the table 21. 
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3.72 Change in haemoglobin 

Due to the bleeding potential of aspirin it was decided that a drop in 

haemoglobin below 70 g/l was significant enough to be recorded as an AE and 

result in the permanent discontinuation of the study drug.  There was no 

significant difference in the mean haemoglobin levels up to day 14 (p= 0.94) as 

demonstrated in table 22 and figure 13 

 
Table 22 Mean haemoglobin up to day 14 
 
 

Lowest  
Hb (g/l) 

Baseline Day 4 Day 7 Day 14 

Aspirin- mean (SD; n) 100.3 
(16.8; n= 

24) 

92.8 (14.8; 
n= 24) 

90.9 (13.6;  
n= 20) 

84.7 (14.4;  
n= 10) 

Placebo- mean  
(SD; n) 

100.7 
(13.9;  
n= 25) 

94.5 (18.8; 
n=23) 

91.8 (18.1; 
 n= 22) 

84.3 (12.5;  
n= 15) 

p value 0.94 

Data are mean Hb level (SD; n) 
p value calculated using a linear mixed model to compare change over time. 
Hb= haemoglobin  
 
 
Fig 13 Mean haemoglobin up to day 14 
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3.73 Change in renal function 

The development of an acute kidney injury following aspirin administration was 

a particular safety concern for the DMC.  There was no significant difference 

between the groups in the mean urea or eGFR up to day 14 (p= 0.81 and p= 

0.79 respectively) as demonstrated in tables 23 and 24 and figures 14 and 15 

respectively. 

 
Table 23 Mean urea up to day 14 
 
 

Highest  
Urea (mmol/l) 

Baseline Day 4 Day 7 Day 14 

Aspirin- mean (SD; n) 8.9 (4.7; 
n=24) 

10.2 (6.1; 
n=24) 

13.2 (8.5; 
n=20) 

13.1 (5.8; 
n=10) 

Placebo- mean 
 (SD; n) 

8.3 (5.2; n= 
25) 

10.7 (8.1; 
n=23) 

11.1 (8.9; 
n=22) 

10.3 (7.7; 
n=15) 

p value 0.81 

 
Data are mean (SD; n) 
p value calculated using a linear mixed model to compare change over time. 
 
 
Fig 14 Mean highest urea up to day 14 
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Table 24 Mean lowest eGFR up to day 14. 
 
 

Lowest 
eGFR (mL/min) 

Baseline Day 4 Day 7 Day 14 

Aspirin- mean (SD; n) 51.2 (13.9; 
n=23) 

52.4 (13.5; 
n=23) 

49.5 (17.4; 
n=19) 

56.4 (7.5; n=9) 

Placebo- mean  
(SD; n) 

51.6 (10.3; 
n=19) 

54.9 (11.9; 
n=18) 

56.2 (10.9; 
n=18) 

57.7 (8.0; 
n=13) 

p value 0.79 

 
Data are mean (SD; n) 
p value calculated using a linear mixed model to compare change over time. 
eGFR= estimated glomular filtration rate 
 
 
 
 
 
 
Fig 15 Mean lowest eGFR up to day 14 
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3.74 Change platelet count and coagulation profile 

There was no significant difference in the mean platelet count, prothrombin 

time or activated partial thromboplastin time between the aspirin treated group 

or the placebo group up to day 14 (see table 25). 

 

There was a significant difference in the mean fibrinogen level up to day 14 

between the aspirin group and the placebo group (p= 0.001), however data for 

only a small number of patients is available and the STAR study was not 

adequately powered for this outcome.  Furthermore the difference was not felt 

to be clinically significant. 

 

Table 25 Mean platelet count and coagulation screen on baseline and days 
4,7 and 14 
 

 Baseline 
 

Day 4 Day 7 Day 14 

Platelet count (x109/l) 
 
Aspirin- mean 
(SD; n) 

229.5 (105.8; 
n=24) 

294.5 (161.8; 
n=24) 

391.6 
(231.2; 
n=21) 

656.4 
(332.1; 
n=10) 

Placebo- mean 
(SD; n) 

168.4 (86.5; 
n=25) 

227.1 (131.0; 
n=23) 

311.3 
(164.2; 
n=22) 

421.5 
(159.7; 
n=15) 

p value 0.42 
PT (s) 
 
Aspirin- mean 
(SD; n) 

13.5 (3.4; 
n=19) 

12.6 (2.0; 
n=18) 

12.6 (2.2; 
n=12) 

12.6 (1.9; 
n=7) 

Placebo- mean 
(SD; n) 

15.7 (7.4; 
n=17) 

12.1 (2.3; 
n=21) 

11.7 (1.5; 
n=15) 

12.0 (1.0; 
n=11) 

p value 0.22 
APTT (s) 
 
Aspirin- mean 
(SD; n) 

38.2 (23.9; 
n=19) 

34.8 (22.6; 
n=20) 

30.1 (16.4; 
n=13) 

24.1 (2.6; 
n=5) 

Placebo- mean 
(SD; n) 

39.5 (17.1; 
n=17) 

26.2 (6.3; 
n=21) 

26.1 (6.1; 
n=16) 

26.2 (4.3; 
n=11) 

p value 0.83 
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Fibrinogen (g/l) 
 
Aspirin- mean 
(SD; n) 

6.5 (1.1; 
n=19) 

6.6 (2.3; 
n=18) 

5.7 (1.0; 
n=12) 

5.5 (1.2; 
n=7) 

Placebo- mean 
(SD; n) 

5.5 (1.7; 
n=17) 

5.7 (1.8; 
n=21) 

5.4 (1.1; 
n=16) 

5.6 (1.0; 
n=11) 

p value 0.001 
 
Data are mean (SD; n) 
p value calculated using a linear mixed model to compare change over time. 
PT = prothrombin time, APTT= activated partial thromboplastin time. 
 
 
 
 
3.8 Other clinical outcomes 
       3.81 Ventilator free days and duration of ventilation  
 
The number of ventilator free days was not significantly different between the 

two groups (p= 0.72).  There was also no significant difference in the duration 

of ventilation for each group, as detailed in table 26.  However the STAR trial 

was not sufficiently powered to detect statistical significance in VFDs or 

duration of ventilation.   Figure 16 displays the ventilator free days for all 

patients for each group while figure 17 the duration of ventilation for all patients 

for each treatment group.   
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Table 26 Median VFDs and duration of ventilation 
 
 

 Aspirin 
 

Placebo p- value 

Median VFD – days (IQR) 
 

16 (0 to 21.5) 15 (0 to 21.5) 0.72 

      Duration of ventilation 
 

 All patients – days 
(IQR) 

10 (5.5 to 15) 10 (6 to 19) 0.43 

 Alive patients - 
days (IQR) 

8 (5 to 13) 
n= 21 

9.5 (6 to 21) 
n= 20 

0.37 

 Deceased patients 
– days (IQR) 

13 (10 to 20) 
n= 3* 

15 (9 to 18) 
n=5 

0.88 

 
 
Data are median (IQR). 
 
The p values for VFDs and duration of mechanical ventilation was calculated 
via Wilcoxon rank sum test. 
 
* 3 patients achieved unassisted breathing but died before day 28. 
 
 
 
Fig 16 Median VFDs to day 28 for each group 
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Fig 17 Median duration of ventilation for all patients in each group 
 
 
 
 

 
 
 
 
 
 
    
 3.82 Critical care and hospital discharge     
 
The median (IQR) duration of length of stay in critical care was 12.5 days (8- 

21.5) for aspirin and 15 days (9-27) for the placebo group with a p value of 0.51.  

The median duration of length of stay in hospital was 20.5 days (15-29) for 

aspirin and 26 days (15-67) for the placebo group.  However the STAR trial was 

not powered to detect statistical significance in duration of ICU stay or duration 

of hospital stay.  This is summarised in table 27 and figures 18 and 19. 
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Table 27 Median duration of ICU and hospital stay for each group 
 
 
 

 Aspirin 
 

Placebo p- value 

Median duration of ICU 
stay for all patients – 
days (IQR) 
 

12.5 (8 to 21.5) 15 (9 to 27) 0.51 

Median duration of 
hospital stay for all 
patients – days (IQR) 
 

20.5 (15 to 29) 26 (15 to 67) 0.51 

 
 
Data are median (IQR). 
 
The p values for duration of ICU stay and duration of hospital stay were 
calculated via Wilcoxon rank sum test. 
 
 
 
 
Fig 18 Median duration of ICU stay for all patients 
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Fig 19 Median duration of hospital stay for all patients 
 
 

 
 
 
 
 
 
 
 
When considered separately for survivors and non survivors the median ICU 

and hospital LOS did not differ between the aspirin and placebo treated 

groups.      

 
Table 28 Median duration of ICU and hospital stay for survivors 
 
 

 Aspirin 
 

Placebo p- value 

Median duration of ICU 
stay for survivors – days 
(IQR) 
 

12.0 (7 to 22) 
n= 20 

14 (8 to 31.5) 
n= 20 

0.33 

Median duration of 
hospital stay for survivors 
– days (IQR) 
 

22 (18 to 32) 
n= 17 

29 (17 to 84) 
n= 20 

0.31 

 
Data are median (IQR). 
The p values for duration of ICU stay and duration of hospital stay were 
calculated via Wilcoxon rank sum test. 
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Fig 20 Median duration of ICU stay for survivors 
 
 

 
 
 
Table 29 Median duration of ICU and hospital stay for non survivors 
 
 
 

 Aspirin 
 

Placebo p- value 

Median duration of ICU 
stay for non survivors – 
days (IQR) 
 

16.5 (11.5 to 
21.5) 
n= 4 

15 (9 to 18) 
n= 5 

0.62 

Median duration of 
hospital stay for non 
survivors – days (IQR) 
 

17 (10 to 23) 
n= 7 

15 (9 to 18) 
n= 5 

0.68 

 
Data are median (IQR). 
The p values for duration of ICU stay and duration of hospital stay were 
calculated via Wilcoxon rank sum test. 
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Fig 21 Median duration of ICU stay for non survivors 
 
 

 
 
 
 
 
 
 
  3.83 Mortality at 28 and 90 days 
 
The overall mortality was 24.5% (n=12, 7 in the aspirin group and 5 in the 

placebo group).  In each case the cause of death resulted from the underlying 

medical condition.  Table 30 tabulates the cause of death for each patient per 

treatment group. 
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Table 30 Cause of death in each group. 
 
 

Group ARDs Aetiology Cause of death 

 
Aspirin Pneumonia Pneumonia 

 
Aspirin 

Gastric content 
aspiration Aspiration pneumonia 

 
Aspirin Thoracic trauma Bronchopneumonia 

 
Aspirin Pneumonia Bronchopneumonia 

 
Aspirin Pneumonia, Sepsis MOF/ bacterial pneumonia 

Aspirin Pneumonia 
Bilateral organising 
pneumonia 

 
Aspirin Pneumonia Encephalopathy 

Placebo Pneumonia 
Type 1 respiratory failure 
likely pneumonia 

 
Placebo Pneumonia Respiratory failure 

Placebo 
Sepsis, Thoracic 
trauma Respiratory failure 

Placebo Pneumonia, Sepsis 

Respiratory failure secondary 
to pneumonia and pulmonary 
hypertension 

Placebo 
Hypoxic 
Respiratory Failure 

Bilateral pneumonia, 
pulmonary oedema 

 
Cause of death taken from the certificate of death in each case. 

 

The 28- day mortality for aspirin was 25.0% (n=6) and 20.0% (n= 5) for the 

placebo group.  There was no significant difference in 28-day mortality with a p 

value of 0.74.  The 90-day mortality for aspirin was 29.2% (n=7) and 20.0% 

(n=5) for the placebo group; again there was no significant difference in 90- day 

mortality with a p value of 0.52.  Data was censored at 90 days.  However the 

STAR trial was not sufficiently powered to detect statistical significance in 

mortality at either 28 days or 90 days. 
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Table 31 summarises the mortality data for both group and figures 22 and 23 

show 28-day and 90-day mortality respectively. 

 
 
 
Table 31 Mortality at 28 and 90-days. 
 
 
 

  Aspirin Placebo p value  

28 day mortality 6 (25.0 %) 5 (20.0%) 0.74 

90 day mortality 7 (29.2 %) 5 (20.0%) 0.52 

 
Data are n (%). 
 
All cause mortality p values were calculated via Fisher’s Exact test. 
 
Data was censored at 90 days. 
 
 
 
 
 
Fig 22 Mortality at 28-days 
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Fig 23 Mortality at 90-days. 
 
 

 

 

 

3.84 Standardised treatment  
 

Outside the intervention we expected all patients to receive standardised 

management with regards to nutrition, mechanical ventilation protocol, 

antibiotics policy, fluid management and weaning.  Overall the expiratory tidal 

volume was higher than the expected 6ml/kg/PBW but here was no significant 

difference between the two groups.  Furthermore the PEEP and total daily 

fluid intake between the aspirin and placebo groups up to day 14 was largely 

comparable, as demonstrated in table 32.   
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Table 32 expiratory tidal volume, PEEP and total fluid intake for days 0, 4 7 

and 14 

 Baseline Day 4 Day 7 Day 14 

Expiratory tidal volume (ml/kg/PBW) 

Aspirin- mean 

(SD; n) 

7.2 (2.3; n=24) 7.0 (2.1; n=22) 9.0 (1.9; 

n=16) 

7.9 (2.9; n=7) 

Placebo- mean 

(SD; n) 

7.6 (2.4; n=25) 7.3 (2.2; n=23) 7.9 (2.9; 

n=17) 

7.9 (3.7; 

n=10) 

p value 0.40 

PEEP (cmH2O) 

Aspirin- mean 

(SD; n) 

9.7 (2.5; n=24) 8.8 (2.7; n=21) 7.3 (3.3; 

n=17) 

8.0 (2.3; n=7) 

Placebo- mean 

(SD; n) 

9.1(2.1; n=25) 8.4 (2.7; n=23) 7.5 (12.7; 

n=17) 

6.6(2.1; 

n=10) 

p value 0.86 

Total fluid administration (ml) 

Aspirin- mean 

(SD; n) 

2214 (1145.8; 

n=24) 

2561 (816.8; 

n=24) 

2538.3 

(864.1; 

n=20) 

2648.3 

(1369.1; 

n=10) 

Placebo- mean 

(SD; n) 

2459.0 

(1531.1; n=25) 

2721.1 

(1022.3; n=23) 

2291.1 

(978.9; 

n=22) 

2635.8 

(1762.6; 

n=15) 

P value 0.79 

 
Data are mean (SD; n) 
 
p value calculated using a linear mixed model to compare change over time. 
 
PEEP= positive end expiratory pressure, PBW= predicted body weight 
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       4.1 Plasma CRP 
 
Plasma C-reactive protein (CRP) fell in both groups over time but was higher 

in the aspirin group at the beginning of the study.  Using a linear mixed model 

to compare change over time on the unadjusted data there was a significant 

difference between the groups (p= 0.02) as demonstrated in table 33 and 

figure 24.   

 

However when adjusted for baseline there were no statistically significant 

differences by treatment group (D4 adjusting for D0 p= 0.53, D7 adjusting for 

D0 p= 0.94 and D14 adjusting for D0 p=0.28 via ANCOVAs). 

 

 
Table 33 Plasma CRP at baseline, day 4, day 7 and day 14 
 
 
Unadjusted analysis 
 

Highest  
CRP (mmol/l) 

Baseline Day 4 Day 7 Day 14 

Aspirin- mean (SD; n) 274.5 
(128.3; 
n=14) 

176.8 (122.4; 
n=17) 

100.4 (95.8; 
n=10) 

97.7 (84.9; 
n=6) 

Placebo- mean (SD; 
n) 

235.9 
(113.8; 
n=15) 

123.3 (98.6; 
n=13) 

96.4 (77.1; 
n=12) 

127.6 (86.7; 
n=8) 

p value@ 0.02 
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Adjusted analysis 
 

Highest  
CRP (mmol/l) 

Aspirin 
(SE) 

Placebo 
(SE) 

p ≠ 

Day 4 (n= 45) 116 (69.7 
n= 22) 

123.5 (67.7,  
n= 23) 

0.53 

Day 7 (n=34) 90.4 (53.4, 
n=17) 

92.6 (47.6 
n=17) 

0.94 

Day 14 (n= 17) 89.8 (78.2, 
n=7) 

112.3 (89.8, 
n=10) 

0.28 

 
Unadjusted and adjusted (for baseline) analysis on Day 4, 7 and 14 plasma 
CRP.  For unadjusted data is mean (SD; number of patients analysed), for 
adjusted data is mean (SE; number of patients analysed).   
 
@ In unadjusted p value calculated using a linear mixed model to compare 
change over time. 
 
≠  In adjusted p value determined form ANCOVAS adjusting for baseline 
 
 
 
 
 
Fig 24 Plasma CRP at baseline, day 4, day 7 and day 14 
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b) Adjusted for baseline analysis 
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    4.2 Plasma neutrophil count 
 
There was no significant difference in the mean neutrophil count up to day 14 

(p= 0.76) between the aspirin and the placebo group as demonstrated in table 

34 and figure 25 

 
Table 34 Plasma neutrophil count at baseline, day 4, day 7 and day 14 
 

 

Neutrophil count 
(x109/l) 

Baseline Day 4 Day 7 Day 14 

Aspirin- mean (SD; n) 13.7 (8.5; 
n=23) 

10.8 (3.7; 
n=23) 

11.8 (5.8; 
n=19) 

9.1 (3.4; n=10) 

Placebo- mean  
(SD; n) 

10.6 (5.3; 
n=25) 

11.2 (6.2; 
n=22) 

12.5 (5.7; 
n=22) 

8.4 (2.5; n=15) 

p value 0.76 

 
Data are mean (SD; n= number)  
 
p value calculated using a linear mixed model to compare change over time. 
 
 
Fig 25 Plasma neutrophil count at baseline, day 4, day 7 and day 14 
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4.3 Plasma leucocyte count 
 
There was no significant difference in the mean leucocyte count up to day 14 

(p= 0.70) between the aspirin and the placebo group as demonstrated in table 

35 and figure 26. 

 
 
Table 35 Mean plasma leucocyte count at baseline, day 4, 7 and day 14 

 
 

Leucocyte count 
(x109/l) 

Baseline Day 4 Day 7 Day 14 

Aspirin- mean (SD; n) 15.8 (8.8; 
n= 24) 

14.2 (5.8; 
n=24) 

15.7 (7.7; 
n=20) 

12.4 (4.2; 
n=10) 

Placebo- mean 
 (SD; n) 

12.9 (5.4; 
n=25) 

16.3 (11.1; 
n=23) 

15.7 (6.7; 
n=22) 

811.2 (2.8; 
n=15) 

p value 0.70 

 
Data are mean (SD; n= number)  
 
p value calculated using a linear mixed model to compare change over time. 
 
 
Fig 26 Total plasma leucocyte count at baseline, day 4, day 7 and day 14 
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       4.4 Plasma IL- 18 
 
There was no significant difference in IL- 18 between the aspirin and the 

placebo group up to day 14 as demonstrated in table 36 and figure 27. 

 

 
Table 36 Plasma IL- 18 at baseline, day 4, day 7 and day 14 
 
 

Plasma IL- 18 (pg/ml) Baseline Day 4 Day 7 Day 14 

Aspirin- mean (SD) 61.4 (75.9) 59.6 (60.9) 20.4 (10.7) 19.8 (7.9) 

Placebo- mean (SD) 121.4 
(149.2) 

123.8 (190) 61.6 (68.3) 84.9 (98.6) 

p value 0.25 

Data are mean (SD) 

p value calculated using a linear mixed model to compare change over time. 

 

Fig 27 Plasma IL- 18 at baseline, day 4, day 7 and day 14 
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 4.5 Plasma IL- 6 
 
There was no significant difference in IL- 6 across between the aspirin and the 

placebo groups up to day 14 as demonstrated in table 37 and figure 28. 

 
 
Table 37 Plasma IL- 6 at baseline, day 4, day 7 and day 14 
 
 

Plasma IL- 6 (pg/ml) Baseline Day 4 Day 7 Day 14 

Aspirin- mean (SD) 46.6 (29) 36.9 (38.7) 24.4 (29.5) 13.1 (4.2) 

Placebo- mean (SD) 53.8 (56) 44.7 (67.2) 22.5 (17.5) 23.8 (22) 

p value 0.30 

Data are mean (SD) 

p value calculated using a linear mixed model to compare change over time. 
 
 
 
Fig 28 Plasma IL- 6 at baseline, day 4, day 7 and day 14 
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4.6 Plasma IL- 8 
 
There was no significant difference in the mean IL- between the aspirin and 

the placebo groups up to day 14 as demonstrated in table 38 and figure 29. 

 
 
 
Table 38 Plasma IL- 8 at baseline, day 4, day 7 and day 14 
 
 

Plasma IL- 8 (pg/ml) Baseline Day 4 Day 7 Day 14 

Aspirin- mean (SD) 19.7 (25.7) 12.9 (11.4) 18.9 (21.9) 48.2 (54.5) 

Placebo- mean (SD) 21.3 (25) 23.3 (27.1) 9.8 (9.7) 6.9 (6.5) 

p value 0.13 

Data are mean (SD) 
p value calculated using a linear mixed model to compare change over time. 

 
Fig 29 Plasma IL- 8 at baseline, day 4, day 7 and day 14 
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4.7 Plasma MCP 
 
There was no significant difference in the mean MCP between the aspirin and 

the placebo groups up to day 14 as demonstrated in table 39 and figure 30. 

 
Table 39 Plasma MCP at baseline, day 4, day 7 and day 14 
 
 

MCP (pg/ml) Baseline Day 4 Day 7 Day 14 

Aspirin- mean (SD) 247.4 
(313.3) 

207.4 
(227.5) 

94.6 (51.3) 83.2 (49.6) 

Placebo- mean (SD) 401 (500) 353.5 
(372.1) 

102 (67.9) 54.1 (25.9) 

p value 0.11 

Data are mean (SD). MCP= monocyte chemo attractant protein 

p value calculated using a linear mixed model to compare change over time. 
 
 
 
Fig 30 Plasma MCP at baseline, day 4, day 7 and day 14 
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4.8 Plasma thromboxane B2 baseline and days 4, 7 and 14 
 
 
Thromboxane B2, a marker of platelet activation and degranulation, trended 

downwards in the aspirin treated group for the first 7 days, but not the placebo 

treated group. However, the difference between the groups did not reach 

statistical significance as demonstrated in table 40 and figure 31.   

 
 
Table 40 Plasma thromboxane B2 at baseline, day 4, day 7 and day 14 
 
 

Plasma 
thromboxane  B2 

(pg/ml) 

Baseline Day 4 Day 7 Day 14 

Aspirin- mean (SD; n) 1595.8 
(724.9; 
n=14) 

1416.7 
(1169.8; 

n=9) 

1284.5 (796.6; 
n=5) 

1547.7 (852.7; 
n=2) 

Placebo- mean  
(SD; n) 

1511.9 
(1226.7; 
n=14) 

2252.1 
(2597.8; 

n=9) 

1828.4 (533.3; 
n=8) 

2443.5 (651.2; 
n=3) 

p value 0.07 

Data are mean (SD; n) 

 
Fig 31 Plasma thromboxane B2 at baseline, day 4, day 7 and day 14 
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4.8.1 Plasma thromboxane B2 at baseline and 10, 20, 30 and 60 minutes 
after administration. 
 
There was no significant difference in the change of the mean thromboxane 

B2 at 10, 20, 30 and 60 minutes following administration of the study drug 

between the aspirin and the placebo group as demonstrated in table 41 and 

figure 32. 

 

Table 41 Plasma thromboxane B2 at time of administration, then 10 minutes, 
20 minutes, 30 minutes and 60 minutes later. 
 
 

Plasma 
thromboxane B2 

(pg/ml) 

10 
minutes 

20 
minutes 

30 
minutes 

60 
minutes 

Aspirin- mean (SD) 959.8 
(231.3) 

1060 (425.6) 1271 (808.2) 739.1 (97.7) 

Placebo- mean (SD) 1195 
(1304) 

1311.9 
(1387.3) 

818.7 (791.5) 1044.3 
(1011.4) 

p value 0.09 

Data are mean (SD). 
 
 
Fig 32 Plasma thromboxane B2 at time of administration, then 10 minutes, 20 
minutes, 30 minutes and 60 minutes later. 
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Chapter 5:  

Discussion 
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6.1 Discussion of results from STAR trial 
 
In this phase two trial investigating aspirin as a novel treatment for ARDS, there 

was no significant difference in the primary outcome of OI at day 7.  

Furthermore, aspirin did not have a significant impact on any of the secondary 

outcomes, including lung compliance (although compliance values were 

available for only a small number of patients), PF ratio and systemic organ 

failure as defined by SOFA score.  However, the administration of aspirin in 

critically ill patients with ARDS was well tolerated with a similar the number of 

AEs in both randomised groups, and in particular no increased incidence in 

gastro-intestinal bleeding in response to aspirin. 

 

Aspirin demonstrated no significant effect on systemic markers of inflammation 

including peripheral total leucocyte count, neutrophil count and cytokines.  

Plasma CRP fell in both groups over time, but was higher in the aspirin group 

at the beginning of the study.  When CRP was corrected for baseline values, 

there was no significant difference between the groups.   Thromboxane B2, a 

marker of platelet activation and degranulation, trended downwards in the 

aspirin treated group for the first 7 days, but not the placebo treated group. 

However, the difference between the groups did not reach statistical 

significance.   

 

There are a few factors that should be considered when interpreting the results 

of this study and should be discussed in detail, these include; recruitment, the 

patient population, the dose and route of administration. 
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Recruitment. 

In November 2018 the DMEC took the decision to stop the study, this was 

based on slow recruitment over the preceding 45 months.  A total of 49 patients 

were recruited by this point, 6 patients below the necessary 54 to reach 

statistical significance for OI at day 7.  The DMEC carried out a futility analysis, 

which supported their decision to close the study.  The final numbers achieved 

means the study was underpowered to detect a change in the primary outcome, 

although there is no evidence of any trend towards benefit in any of the 

physiological makers as a response to aspirin.   

 

 Figure 7 depicts the screening and recruitment during the course of the study 

high-lightening the discrepancy between the number of patients eligible and 

those successfully recruited.  Only 8.3% of the 593 who met inclusion criteria 

were successfully randomised and recruited.  The most common reasons for 

exclusion, accounting for almost 50% of all exclusions, were: 

 

1) Active or recent bleeding or recurrent or active peptic ulcer disease,  

2) Currently receiving aspirin therapy or received therapy within the past 4 

weeks.  

 

Unfortunately neither of these were easily modifiable, however the other major 

reasons for exclusion (history of traumatic brain injury and thrombocytopenia) 

were identified as potentially modifiable.    Initially other recruiting sites were 

included in the study.  As the Royal Victoria Hospital is the tertiary trauma and 

neurosurgical unit it was thought that other non-trauma centre sites would 
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contain a more generalised patient population with less traumatic brain injury, 

less trauma in general and therefore potentially less active bleeding.  An 

additional four extra site were included in the trial.  Unfortunately, despite the 

hard work of the satellite sites, only 12 (24%) of successfully randomised 

patients were recruited from the additional sites.   

 

The next step was to adjust the exclusion criteria.  The original eligibility criteria 

excluded patients with a platelet count less than 100 x 109/l.   ARDS is 

commonly associated with thrombocytopenia, in fact 20 – 40% of patients at 

some point develop thrombocytopenia 132, but the incidence varies depending 

on the cut off used to define thrombocytopenia.   There is an association 

between thrombocytopenia and bleeding risk in critically ill patients, however 

there is no definitive correlation between the severity of the bleeding with 

varying degrees of thrombocytopenia 133 134.  As STAR was a phase 2 study 

the with an emphasis on safety we initially aired on the side of caution at set a 

cut off value of 100 x 109/l.  On regular review of the screening data this was 

identified as a major source of exclusion. In the LIPS- A trial, which had just 

been published at the time, patients with a platelet count greater than 50 x 109/l 

were included and they reported no significant difference in bleeding related 

AEs between the aspirin and the placebo group 113.  Furthermore in a 

retrospective cohort study of patients in a mixed ICU, there was a mortality 

benefit from anti-platelet drugs irrespective of the bleeding risk. Bleeding was 

defined as any incident described as ‘bleeding’ in the clinical notes 70.  

Therefore the protocol was amended to exclude platelets less than 50 x 109/l, 

unfortunately this didn’t have a major impact on recruitment either. 
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The final substantial amendment was to adjust the original exclusion criteria 

‘active or recent bleeding or recurrent or active peptic ulcer disease’ to ‘active 

or recent bleeding or recurrent or active peptic ulcer disease within the past five 

years.’  During the study we have identified that a significant proportion (7% at 

the time of review) were been excluded due to a history of peptic ulcer disease 

greater than 5 years ago.  This clearly presented a significant barrier to 

recruitment and by excluding this large population we were potentially limiting 

the generalisability of any findings from this trial.  The initial wording was taken 

from the aspirin SPC (appendix 9), but there is no guide as to how much time 

should elapse before aspirin could be re- prescribed.    

 

While there is evidence to suggest long-term aspirin is associated with 

increased risk of GI bleeding, especially in those over 75 65, this is with chronic 

use and in patients not receiving proton pump inhibitors (PPI) therapy. On 

detailed review of the literature there was no clear evidence to as to the 

appropriate time frame for aspirin abstinence after the diagnosis and treatment 

of peptic ulcer disease.  Studies also demonstrate regular PPI use with aspirin 

can decrease this risk of peptic ulceration by up to 70% 66.  Given that in the 

STAR trial the patients only received aspirin for a maximum of 14 days and 

complied with the normal standard practice in ICU and received i.v. PPI therapy 

throughout their stay, it was felt unlikely to substantially increase the risk to the 

study participants.  As a result patients with a history of peptic ulcer disease 

greater than 5 years ago were included.   
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The depiction of those potential patients and those successfully recruited 

(Figure 7) clearly demonstrated an increase in potential patients as these 

amendments were introduced, however this didn’t translate into an increase in 

recruitment.   

 

It is important to note that despite these amendments to the eligibility criteria 

aspirin was both safe and well tolerated in our patient population.  Overall there 

was no significant difference in the total amount of AEs between the two groups.  

Only one SAR was recorded, which occurred in the placebo group. This was a 

small subarachnoid haemorrhage, which occurred in a patient on an 

anticoagulant.  In fact four of the SAEs all required the administration of aspirin 

as a treatment for either myocardial infarction or ischaemic CVAs and were 

designated as in keeping with the underlying diagnosis and not related to the 

study drug.  The vast majority of adverse reactions related to a drop of 

haemoglobin.  There was no significant difference in the mean haemoglobin 

levels between the two groups up to day 14 (p= 0.94), see table 22 and figure 

13. 

 

Despite the positive safety outcomes the poor recruitment and significant 

remaining list of exclusions makes the feasibility of a large interventional study 

of aspirin in ARDS questionable and potentially severely limits the 

generalisability of aspirin as a treatment in the wider ARDS population. 
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Patient population 

As with other ARDS studies, the STAR trial recruited a heterogeneous 

population with a wide range of aetiologies.  It is well established that there is 

much heterogeneity in the ARDS populations with considerable differences in 

aetiology, clinical condition and outcomes. This has recently prompted 

investigation into the theory that several distinct subtypes within the defined 

ARDS may exist.  A latent class analysis of several large randomised control 

trials and some observational studies in the USA 135 and more recently in the 

UK 136 identified the existence of a hyper-inflammatory and a hypo-

inflammatory subgroup.  The hyper-inflammatory and hypo-inflammatory 

subtypes differ in clinical and biochemical presentation as well as in clinical 

outcomes, with the hyper-inflammatory group associated with higher 

inflammatory biomarkers, higher mortality, higher need for inotropic support 

and more likely to be sepsis driven 136.  Importantly the response of these 

subtypes to PEEP and fluid management differed 135.   Furthermore the hyper-

inflammatory subgroup that received simvastatin in the HARP 2 sub analysis 

demonstrated a significant improvement in survival and ventilator free days 

compared to the placebo group 136.  This difference in presentation and 

response my limit the impact of any singly pharmacotherapy and suggest a 

more refined tactic is needed in future trial designs. 

 

The mechanistic analysis of the study was designed to give further insight into 

the pathophysiology of ARDS.  Aspirin demonstrated no significant effect on 

systemic markers of inflammation including peripheral total leucocyte count, 

neutrophil count and cytokines.  Plasma CRP fell in both groups over time, but 
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was higher in the aspirin group at the beginning of the study.  When CRP was 

corrected for baseline values, there was no significant difference between the 

groups.    

 

In future trials, a precision medicine approach which identifies a sub-group of 

patients who might be more treatment responsive to aspirin might be useful.  

Unfortunately, too few patients were enrolled in the STAR trial to carry out this 

subgroup analysis. 

 

Pharmacology in critical care 

The third factor to consider is the impact admission to critical care can on the 

pharmacokinetics of aspirin.  The established pharmacokinetic and 

pharmacodynamics properties of aspirin were originally established in healthy 

volunteers.  However, critically ill patients in ICU often have notably deranged 

physiology due to disease or organ failure. This, coupled with the influence of 

organ support or concomitant medications, can alter drug absorption, 

metabolism, distribution and elimination 120,137.  Aspirin is readily absorbed in 

its lipophilic sate from the stomach thanks to the acidic environment preventing 

ionisation 59, however the routine prescription of PPIs and use of nasogastric 

feeds can significantly alter the gastric ph. and therefore the absorption.  At 

therapeutic levels it is estimated to be 80- 90% protein bound with a volume of 

distribution to be around 0.2 l/kg.    Alteration to tissue permeability form sepsis 

often impacts on serum protein concentrations, furthermore fluid resuscitation 

for hypo- perfusion considerably increases third space volumes thus affecting 
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volume of distribution and serum concentrations, as demonstrated in various 

pharmacokinetic studies of antibiotics in critical care 117. 

 

In healthy volunteers peak plasma concentration of acetylsalicylic acid occurs 

between 14- 27 minutes and salicylic acid concentration is seen between 30- 

60 minutes after ingestion depending on the form of aspirin at administration  

61,63.  Multiple parameters could be measured to assess the pharmacodynamics 

including platelet aggregation, but TXB2 is largely accepted as an appropriate 

surrogate marker for aspirin pharmacodynamics 64.  With the oral administration 

of a single dose of aspirin to healthy volunteers the inhibition of TBX2 can be 

detected at 0.17 hours reaching a peak at 6 hours and lasting beyond 24 hors 

64.  In STAR the serial measurements of TXB2 in the initial minutes of 

administration demonstrated no significant difference between the two groups 

highlighting the impact critical care and disease has on the established 

pharmacokinetic and pharmacodynamics properties of aspirin. 

 

In a study comparing intravenous (i.v.), oral chewable and enteric coated 

aspirin administration in 66 critically ill patients, plasma concentrations of 

acetylsalicylic acid and salicylic acid were not only highly variable with oral 

administration, but also substantially reduced compared to healthy volunteers 

138.  Salicylic acid concentrations increased with i.v. use. I.v. administration 

demonstrated a comparable half-life to healthy volunteers suggesting 

metabolism and elimination were not altered 138.  Therefore to overcome the 

potential critical care induced changes in pharmacokinetics an intravenous form 

of aspirin might be considered in future clinical trials. The patients included in 
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this study had a variety off co morbidities, often very deranged or altered 

physiology or biochemistry, several had single or multiple organ failure in 

addition to an established disease process.  The aspirin was administered via 

an NG tube which may have impacted on the absorption and ultimately the 

effect of the aspirin.   

 

Other than the route of administration the dose may need to be adjusted if 

considering using aspirin in this population in the future.  In a healthy human 

volunteer model studying the effects of aspirin on platelet-related inflammation 

in response to LPS, a once daily dose of aspirin (75 mg/24 hours) was sufficient 

to adequately supress platelet COX activation and thromboxane production 

90,61,62.  This is similar to effects in cardiovascular prophylaxis 62.  Importantly in 

this study, 75mg was no less effective than a dose of 1.2g daily of enteral 

aspirin.  Given that 75mg of aspirin demonstrated a significant effect in this 

model, and that higher doses of aspirin are more likely to result in adverse 

effects in the critically ill, it was considered appropriate to use 75mg of aspirin 

in the STAR trial.  

 

Critically ill patients already taking aspirin have been reported to have a higher 

residual thromboxane level compared to cardiology patients on aspirin 138.  

Furthermore patients in ICU have a significantly higher amount of on treatment 

reactive platelets (HTRP) compared to patients taking aspirin for cardiovascular 

prophylaxis (85% vs 20%) 138.  In the STAR trial aspirin was associated with a 

non-statistically significant trend towards lower concentrations of plasma 

thromboxane B2 up to day 14, which suggests that there was some biological 
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effect. Unfortunately the variability in plasma thromboxane B2, and the low 

number of patients with biological samples taken in this cohort, meant the study 

was underpowered for this particular measurement. It is possible that although 

oral low dose aspirin was sufficient in the phase one healthy volunteer model, 

in order to compensate for the impact critical illness has on absorption, 

distribution, platelet turnover, and HTRP rate, a higher, repeated or intravenous 

dose may be required to suppress plasma thromboxane B2 completely in the 

critically ill.   

 

All this would suggest that while oral aspirin was sufficient in the phase one 

healthy volunteer models in order to compensate for the changes critical illness 

induces in pharmacokinetics, platelet turnover, HTRP rate and baseline TXB2 

levels an intravenous administration and possibly multiple or higher doses 

would be required.  Furthermore a precision medicine approach would be 

required to identify the hyper-inflammatory subgroup of ARDS.  However even 

with these adjustments recruitment remains the most significant factor. 
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6 Conclusion 

 

In this phase two trial investigating aspirin as a novel treatment for ARDS, there 

was no significant difference in the primary outcome of OI at day 7.  

Furthermore, aspirin did not have a significant impact on any of the secondary 

outcomes, including lung compliance (although compliance values were 

available for only a small number of patients), PF ratio and systemic organ 

failure as defined by SOFA score.  However, the administration of aspirin in 

critically ill patients with ARDS was well tolerated with a similar the number of 

AEs in both randomised groups, and in particular no increased incidence in 

gastro-intestinal bleeding in response to aspirin. 

 

Aspirin demonstrated no significant effect on systemic markers of inflammation 

including peripheral total leucocyte count, neutrophil count and cytokines.  

Plasma CRP fell in both groups over time, but was higher in the aspirin group 

at the beginning of the study.  When CRP was corrected for baseline values, 

there was no significant difference between the groups.   Thromboxane B2, a 

marker of platelet activation and degranulation, trended downwards in the 

aspirin treated group for the first 7 days, but not the placebo treated group. 

However, the difference between the groups did not reach statistical 

significance.   

 

Ultimately the benefit of aspirin to treat ARDS remains uncertain, any potential 

future trails would need to make significant changes in order to truly answer 

this question.  First of all the target population would need refined to the hyper-
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inflammatory subgroup of ARDS.  Secondly given the uncertainty regarding the 

effect critical care has on pharmacokinetics an intravenous form of aspirin 

should be considered.   Furthermore due to the high platelet turnover in the 

inflammatory state a twice daily dosing at potentially a higher dose of aspirin 

may be required to achieve sufficient thromboxane suppression.  

 

However arguably the greatest issue was the failure to achieve the target 

sample size, which both impacts on the interpretation of the results and has 

implications for any further trials using aspirin in critically ill patients.  The 

majority of patients were excluded because of a history of peptic ulcer disease, 

active or recent bleeding or because they received aspirin therapy in the past 

four weeks, which are not easily modifiable. 

 

 This dramatically limits the generalisability of results to the whole ARDS 

population and makes the feasibility of a large interventional study of aspirin in 

ARDS questionable. 
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Trial summary 
 

Study Design: Phase 2  

Study Aims and Objectives: 

To test the hypothesis that aspirin is safe and 
improves important surrogate clinical outcomes 
in adult patients with ARDS. 
The objectives are: 

4) To conduct a randomised, double-blind, 

allocation concealed, placebo-controlled 

phase 2 trial of aspirin as a treatment for 

ARDS. 

5) To study the biological effects of aspirin 

on pulmonary and systemic 

a. inflammatory responses,  

b. epithelial and endothelial function 

and injury and  

c. lipid inflammatory mediators 

 

Study Intervention:  Aspirin 75mg 

Concurrent Control: Placebo 

Primary Outcome: Oxygenation index at day 7 

Secondary Outcomes: 

1) Oxygenation index at days 4 and 14 

2) Physiological indices of ARDS, as measured 

by respiratory compliance and P/F ratio on 

days 4, 7 and 14 

3) Organ failure as measured by the change in 

sequential organ failure assessment (SOFA) 

score from baseline to day 4, 7 and 14 

4) Safety and tolerability as assessed by the 

occurrence of suspected unexpected serious 

adverse reactions (SUSAR). 

 

Study Setting: 

ICUs at the Royal Victoria Hospital, Mater 
Hospital and Belfast City Hospital in the Belfast 
Health and Social Care Trust. As well as Ulster 
Hospital ICU in the South Eastern Health and 
Social Care Trust, Antrim Area Hospital ICU in 
the Northern Health and Social Care Trust and 
Altnagelvan Hospital ICU in the Western Health 
and Social Care Trust. 
 

Patient Population: Mechanically ventilated patients with ARDS 

Sample Size: 60 patients 

Study Duration: 3 years 
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Background information 
Acute Respiratory Distress Syndrome (ARDS) is a common devastating clinical 
syndrome characterised by life-threatening respiratory failure, often requiring 
mechanical ventilation and leading to multiple organ failure. ARDS is a major cause 
of morbidity and mortality, and occurs in response to a variety of insults, such as 
trauma and severe sepsis. It affects all age groups; has a high mortality of up to 30-
50% (1, 2) and causes a long-term reduction in quality of life for survivors (3). Only 
54% of survivors are able to return to work 12 months after hospital discharge (4). 
The high incidence, mortality, long-term consequences and high economic costs 
mean that ARDS is an extremely important healthcare problem. 

Mechanisms of ARDS 
ARDS is an inflammatory condition, characterised by neutrophil (5) and macrophage 
(6) mediated injury associated with the release of inflammatory cytokines and 
proteases. This uncontrolled local inflammatory response causes alveolar epithelial 
and capillary endothelial barrier damage and an outpouring of protein rich fluid into 
the alveolar space leading to the development of non-cardiogenic pulmonary 
oedema. The accompanying widespread activation of the coagulation cascade leads 
to microvascular thrombosis and fibroproliferation (7). Platelets have an increasingly 
recognised role in the inflammatory response leading to the development of ARDS. 
They contain α-granules (containing chemokines such as interleukin (IL)-8, heparin 
binding protein, growth factors including transforming growth factor beta (TGFβ), and 
clotting factors) and dense granules (containing ADP/ATP, calcium and histamine) 
(8, 9). Platelet activation and degranulation within the lung can therefore lead to 
neutrophil and monocyte chemoattraction and pulmonary inflammation. 
 
The role of aspirin as a novel therapy for ARDS 
Aspirin inhibits cyclo-oxygenase enzymes, therefore preventing the formation of lipid 
mediators including thromboxane A2 (TxA2) and pro-inflammatory prostaglandins 
from arachidonic acid. TxA2 is required for platelet degranulation and aggregation. 
Production of pro-inflammatory prostaglandins from arachidonic acid is mediated by 
cyclo-oxygenase-2 (COX-2), an enzyme induced in inflammatory and endothelial 
cells by cytokines, growth factors and bacterial products including lipopolysaccharide 
(LPS) (10-12). Prostaglandin E2 (PGE2) is a key downstream pro-inflammatory 
product of COX-2 activation. It can act in an auto and paracrine fashion on local 
inflammatory and parenchymal cells to increase intracellular cyclic adenosine mono-
phosphate (cAMP), drive nuclear translocation of NFκB and thus the production of 
many pro-inflammatory cytokines, including TNFα and IL-8. Aspirin can also induce 
the production of a lipoxin (aspirin-triggered 15-epi-lipoxin A4, also known as ATL) 
(13). Lipoxins are a group of anti-inflammatory eicosanoids derived from arachidonic 
acid which act via the lipoxin A4 receptor (LXA4R) on leucocytes to inhibit free-
radical formation, and reduce activation of the proinflammatory transcription factors 
AP-1 and NFκB (14), all of which are implicated in the development of ARDS. 
 
Pre-clinical data for aspirin in ARDS 
Platelet activation mediates neutrophil-recruitment to the lung in an acid-induced 
murine model of lung injury, an effect that is inhibited by pre-treatment with aspirin 
(15). Platelet depletion in two mouse models of lung injury (acid injury and 
transfusion associated lung injury) reduced lung oedema and histological markers of 
injury, and increased survival (16). The effect was reproduced by pre-treatment with 
aspirin (16). In a mouse model of ARDS, ATL treatment reduced pulmonary oedema, 
neutrophil infiltration, and lung IL-6 levels and promoted neutrophil apoptosis and 
clearance by macrophages (17). ATL also inhibits LPS-induced IL-8 release by 
neutrophils (14). Delayed neutrophil apoptosis and persisting inflammation is a 
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feature of ARDS. Aspirin prevents delayed neutrophil apoptosis in patients 
undergoing post coronary artery bypass grafting (18). Finally, aspirin inhibits 
cytokine-induced degradation of the NFκB inhibitor IκBα in lung epithelium (19). 
 
Observational evidence supporting a beneficial effect for aspirin in the 
critically ill  
Subjects admitted to a medical intensive care unit (ICU) without ARDS at the point of 
admission, but who were receiving anti-platelet treatment (aspirin or clopidogrel), 
have more than a 50% reduction in the development of ARDS compared with those 
not on anti-platelet treatment (20). A mortality benefit was reported in a further 
retrospective cohort study in which subjects on anti-platelet therapy (the majority of 
whom received aspirin) were compared with those who were not at the time of ICU 
admission, even among patients at perceived higher bleeding risk (21). Finally in a 
cohort of patients admitted with community-acquired pneumonia, those patients 
being treated with anti-platelet drugs (the majority of whom received aspirin at a dose 
less than 100 mg daily) had a significantly lower rate of need for ICU admission (22). 
 
We have recently completed a prospective observational cohort study, looking at 
outcomes in 202 patients with ARDS admitted to the Regional ICU in the Royal 
Victoria Hospital, Belfast who were on aspirin compared with those not on aspirin. 
The majority (95%) of patients received aspirin 75mg. In a multivariate analysis, 
aspirin was associated with reduced mortality in patients with ARDS with an odds 
ratio 0.42 (95% confidence interval 0.18-0.96) (23).  

Data on the role of aspirin in clinically relevant models of ARDS 
We have new data from the human ex vivo lung perfusion (EVLP) model of ARDS. In 
this model human lungs rejected for transplantation are ventilated and perfused with 
a balanced salt solution. ARDS is induced by delivering LPS into a lung lobe and 
adding whole blood (100ml) to the perfusate. Aspirin or placebo was added in a 
blinded randomised fashion to the perfusate simultaneously with the whole blood. 
Bronchoalveolar lavage (BAL) was performed 4 hours after LPS administration. 
Aspirin treatment significantly decreased BAL neutrophilia.  

In addition in a healthy volunteer model of ARDS induced by inhalation of LPS we 
found that aspirin 75mg was as effective as aspirin 1200mg in reducing neutrophil 
inflammation (unpublished data).  Together these data support the hypothesis that 
aspirin may have a role in the treatment of ARDS. 

Aspirin has acceptable side effects 
The side effects of aspirin are usually mild and infrequent as listed in the British 
National Fomularly (BNF). In the multicentre PAIN study (24) in 2900 patients who 
received aspirin (up to 3000mg daily for 7 days) the most common adverse events 
were abdominal discomfort (6.8%), dyspepsia (3.1%), nausea (2.5%), headache 
(1.3%) with all adverse events rare (<1.0%). The main risk factor identified for 
adverse events is the use of concomitant medications (25). 

Rationale for dose and duration 
The normal therapeutic dose of aspirin ranges from low dose with a predominantly 
anti-platelet effect (75mg once daily) to higher doses (>1000 mg daily) (25). Low 
dose aspirin in observational cohort studies in the critically ill was associated with 
benefit (21-23). In a human model of ARDS induced by inhalation of LPS we found 
that aspirin 75mg was as effective as 1200mg in reducing neutrophil inflammation 
(unpublished data). Given the risk of side effects of aspirin are dose-related and as 
gastric stress ulceration occurs in the critically ill, the risk might be increased with 
higher doses of aspirin. It is therefore appropriate to investigate if low dose aspirin 
75mg is effective. As the median (interquartile range) duration of mechanical 
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ventilation in patients with ARDS is 6 (2-12) days (1), treatment will be continued for 
up 14 days. 
 
There are no effective pharmacological therapies for ARDS 
A Cochrane systematic review of pharmacological treatments in ARDS concluded 
that “effective pharmacotherapy for ARDS is extremely limited, with insufficient 
evidence to support any specific intervention” (26). The National Heart, Lung and 
Blood Institute Working Group concluded that clinical trials underpinned by 
mechanistic investigations were essential to develop new therapies for ARDS (27). 
 
There is therefore an urgent need to develop novel therapies to treat ARDS. Despite 
the therapeutic potential, no human studies have investigated the effect of aspirin in 
treating patients with ARDS. One study is ongoing in the US investigating the role of 
low dose aspirin in the prevention of ARDS (Lung Injury Prevention Study With 
Aspirin (LIPS- A) NCT01504867) however this study is testing whether aspirin can 
prevent ARDS, and is not investigating aspirin as a treatment for ARDS. 
 
Hypothesis 
Treatment with aspirin is safe and improves important surrogate clinical outcomes in 
adult patients with ARDS. 
 
Trial objectives 
The objectives of the trial are: 

1) To conduct a randomised, double-blind, allocation concealed, placebo-

controlled phase 2 trial of aspirin as a treatment for ARDS. 

 
2)   To study the biological effects of aspirin on pulmonary and systemic 

a. inflammatory responses,  

b. epithelial and endothelial function and injury and  

c. lipid inflammatory mediators 
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Trial design 
This will be a prospective, randomised, double-blind, allocation concealed, placebo-
controlled phase 2, clinical trial in patients with ARDS. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Daily screening in ICU of mechanical ventilated patients 
Does the patient have a diagnosis of ARDS? 

(Onset < 7 days and PaO2/FiO2 ratio ≤ 40kPa on PEEP ≥ 5 cmH20 and 

bilateral infiltrates on CXR and not due to cardiac disease) 

Patients with ARDS 
assessed for eligibility 

 

Randomised 
N=60 

 

Excluded 
Failure to fulfil inclusion and 

exclusion criteria 

Consent obtained from the 
Per LR or Prof LR 

 

Placebo 
N=30 

Aspirin 
N=30 

Data collection 
Pulmonary and non-pulmonary organ function 

ICU and hospital outcomes 
Safety 

BAL, blood and urine samples 
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Outcome measures 
As this is a phase 2 clinical study, several outcomes will be evaluated to determine 
whether treatment with aspirin shows efficacy for important surrogate clinical 
outcomes. 
 
Primary outcome measure 
The primary endpoint of this clinical study is to evaluate the efficacy of aspirin to 
improve oxygenation index (OI) at day 7. OI is a physiological index of the severity of 
ARDS and measures both impaired oxygenation and the amount of mechanical 
ventilation delivered. We and others have shown OI is independently predictive of 
mortality in patients with ARDS (28,29). We have chosen day 7 as we expect this 
time interval will minimise the competing effects of death and extubation, while 
allowing a sufficient time interval for a biological effect to occur. 
 
OI is calculated as (mean airway pressure (cm H20) x FiO2 x 100) ÷ PaO2 (kPa). 
These simple measurements are easily and routinely collected as part of standard 
ventilator practice. 
 
Secondary outcome measures 
The following secondary clinical outcomes will also be assessed: 

1) OI at days 4 and 14 

2) Physiological indices of ARDS, as measured by respiratory compliance (Crs) 

and P/F ratio on days 4, 7 and 14 

3) Organ failure as measured by the change in sequential organ failure 

assessment (SOFA) score from baseline to day 4, 7 and 14 

4) Safety and tolerability as assessed by the occurrence of suspected 

unexpected serious adverse reactions (SUSAR). 

 
Outcomes will be measured at baseline and daily up to day 14 or until the patient is 
discharged from ICU or the patient dies. 
 
Duration of ventilation, ventilation free days at day 28 and 28 and 90- day mortality 
as well as length of ICU stay will be recorded, these important clinical outcomes are 
not included as major outcome measures as the study is not adequately powered to 
assess these outcomes. 
 
Discharge from critical care is defined as discharge to a medical ward in the hospital 
or another hospital; a transfer between ICUs is not considered a discharge for critical 
care.  Hospital discharge is the first date that the patient is discharged to home/ 
community, a transfer between hospitals is not considered as a hospital discharge. 
 
Unassisted breathing i.e. no ventilatory support is defined as; extubated with 

supplemental oxygen, or room air, or open T-tube breathing,or tracheostomy mask 

breathing, or CPAP ≤ 5 cm H2O without pressure support for a calendar day. 

Patients receiving pressure support via non-invasive ventilation will be defined as 

receiving ventilatory support. 
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Exploratory analyses 
In order to determine the potential mechanism of action of aspirin, the study will 
investigate the biological effect of aspirin on pulmonary and systemic: 
1. Inflammatory responses  
2. Indices of epithelial and endothelial function and injury 
3. Lipid inflammatory mediators 
 
 
End of trial 
The trial will end when 60 patients have been recruited and completed 90-day follow-
up. 
The trial will be stopped prematurely if: 

 Mandated by the Ethics Committee 

 Mandated by the MHRA 

 Mandated by the sponsor e.g. following recommendations from the DMEC 

 

The REC that originally gave a favourable opinion of the trial and the MHRA who 
issued the Clinical Trial Authorisation will be notified in writing if the trial has been 
concluded or terminated early. 

 
Trial sites 
ICUs at the Royal Victoria Hospital, Mater Hospital and Belfast City Hospital in the 
Belfast Health and Social Care Trust. As well as Ulster Hospital ICU in the South 
Eastern Health and Social Care Trust, Ulster hospital ICU in the South-eastern 
Health and Social Care Trust and Altnagelvan Hospital ICU in the Western Health 
and Social Care Trust. 
 
Population 
Patients will be prospectively screened daily. All patients with ARDS will be entered 
into a screening log. If the patient is not recruited the reason will be recorded, this will 
ensure the study can be reported in keeping with CONSORT guidelines 
(www.consort-statement.org). Routinely collected patient demographics will also be 
collected on these patients. This will allow comparison to identify that the study 
population is representative of the overall cohort of patients. We have an established 
and effective system in place to screen and identify patients with ARDS. 
 
Inclusion criteria: 

1. Patients receiving invasive mechanical ventilation.  

2. ARDS as defined by the Berlin definition (30). 

c) Onset within 1 week of identified insult. 

d) Within the same 24 hour time period 

iv. Hypoxic respiratory failure (PaO2/ FiO2 ratio ≤ 40kPa on PEEP ≥ 5 

cmH20) 

v. Bilateral infiltrates on chest X-ray consistent with pulmonary oedema not 

explained by another pulmonary pathology 

vi. No evidence of heart failure or volume overload 

The time of onset of ARDS is when the last ARDS criterion is met.  

Exclusion criteria: 
19. More than 72 hours from the onset of ARDS. 

20. Age < 16 years. 

http://www.consort-statement.org/
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21. Patient is known to be pregnant. 

22. Participation in a clinical trial of an investigational medicinal product within 30 

days. 

23. Current treatment with aspirin or within the past 4 weeks. 

24. Platelet count < 50 x 109/l. 

25. Haemophilia or other haemorrhagic disorder or concurrent therapeutic 

anticoagulant therapy. 

26. History of aspirin sensitive asthma or nasal polyps associated with asthma. 

27. Active or history of recurrent peptic ulcer within the past 5 years and/ or 

gastric/ intestinal haemorrhage or other kinds of bleeding such as 

cerebrovascular haemorrhage. 

28. Traumatic brain injury. 

29. Active gout. 

30. Currently receiving methotrexate ≥ 15mg/ week. 

31. Severe chronic liver disease with Child-Pugh score > 12. 

32. Known hypersensitivity or previous adverse reaction to salicylic acid 

compounds or prostaglandin synthetase inhibitors. 

33. Physician decision that aspirin is required for proven indication. 

34. Contraindication to enteral drug administration, e.g. patients with mechanical 

bowel obstruction. 

35. Treatment withdrawal imminent within 24 hours. 

36. Consent declined. 

 
Aspirin resistance is uncommon and therefore it is not anticipated that it will have a 
significant impact on the study. 
 
Our inclusion and exclusion criteria are designed to include those who reflect the 
general population of critically ill patients with ARDS who may benefit from the 
therapeutic intervention and exclude patients who are more likely to experience an 
adverse reaction. Patients with ARDS for more than 72 hours are excluded to 
evaluate the effects of aspirin early in the course of ARDS when alveolar 
inflammation is implicated in the development of ARDS.  Eligibility will always be 
confirmed by a medically trained doctor.  
 
Patient screening and consent 

Informed consent procedure 
The study will be conducted in accordance with the ethical principles that have their 
origin in the Declaration of Helsinki. The chief investigator (CI) is responsible for 
ensuring that informed consent for trial participation is given by each patient or a 
legal representative. An appropriately trained doctor or nurse may take consent. 
Appropriate signatures and dates must be obtained on the informed consent 
documentation prior to collection of trial data and administration of the trial drug. If no 
consent is given a patient cannot be randomised into the trial. 

The incapacitating nature of the condition precludes obtaining prospective informed 
consent from participants. In this situation informed consent will be sought from a 
Personal Legal Representative or Professional Legal representative. 

Personal legal representative consent 
Informed consent will be sought from the patient’s personal legal representative (Per 
LR) who may be a relative, partner or close friend. The Per LR will be informed about 
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the trial by the responsible clinician or a member of the research team and provided 
with a copy of the covering statement for the Per LR with an attached participant 
information sheet (PIS) and asked to give an opinion as to whether the patient would 
object to taking part in such medical research. If the Per LR decides that the patient 
would have no objection to participating in the trial they will be asked to sign two 
copies of the Per LR consent form which will then be countersigned by the person 
taking consent. The Per LR will retain one copy of the signed consent form. The 
second copy will be photocopied and the photocopy placed in the patients’ medical 
records whilst the original will be retained in the trial site file. 

Professional legal representative consent 
As the patient is unable to give informed consent and no Per LR is available, a doctor 
who is not connected with the conduct of the trial may act as a professional legal 
representative (Prof LR). The doctor will be informed about the trial by the 
responsible clinician or a member of the research team and given a copy of the PIS. 
If the doctor decides that the patient is suitable for entry into the trial they will be 
asked to sign two copies of the professional legal representative consent form. The 
doctor will retain one copy of the signed consent form. The second copy will be 
photocopied and the photocopy placed in the patient’s medical records; the original 
will be retained in the trial site file. 

Retrospective patient consent 
Patients will be informed of their participation in the trial by the responsible clinician 
or a member of the research team once they regain capacity to understand the 
details of the trial. The responsible clinician or a member of the research team will 
discuss the study with the patient and the patient will be given a copy of the PIS to 
keep. The patient will be asked for consent to participate in the trial and to sign two 
copies of the consent to continue form which will then be countersigned by the 
person taking consent. The patient will retain one copy of the signed consent form. 
The second copy will be photocopied and the photocopy placed in the patient’s 
medical records whilst the original will be retained in the trial site file. 

Where consent to continue is not obtained, consent from the legal representative will 
remain valid. If the patient refuses consent, permission to use data collected to that 
point and to access medical records for trial data will be requested from the patient. 

Withdrawal of consent 
Patients may withdraw or be withdrawn (by Per LR or Prof LR) from the trial at any 
time without prejudice and consent will be requested to use the data collected to that 
point.  If a patient or Per LR requests termination of the trial drug during the 
treatment period, the drug will be stopped but the patient will continue to be followed-
up as part of the trial. If a patient or a Per LR withdraws consent during trial 
treatment, the trial drug will be stopped but permission will be sought to access 
medical records for data related to the trial. If a patient or Per LR wishes to withdraw 
from the trial after completion of trial treatment, permission to access medical records 
for trial data will be sought. 

Similar consent mechanisms have been used successfully in other critical care trials 
(31- 33). 

Randomisation 
Patients in the STAR study are eligible for co-enrolment in other non-CTIMP studies, 
this will be decided on a case by case basis. The co-enrolment section within the 
Case Report Form (CRF) should be completed and submitted to the Clinical Trials 
Unit (CTU). 
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Randomisation procedure 
The clinical trials pharmacist will be provided with a randomisation schedule which 
has been generated by the CTU. After informed consent, the researcher will contact 
the clinical trials pharmacist who will allocate the next sequential number as per the 
randomisation schedule.  Randomisation will be stratified by vasopressor use. The 
clinical trials pharmacist will dispense the trial drugs. Study drug will be dispensed as 
per local pharmacy guidelines.  Aspirin and placebo study drug will have an identical 
appearance.  The researcher will then register the recruited patient with the CTU. 
 
Study procedures for unblinding 
The investigator or treating physician may unblind a participant’s treatment 
assignment in the case of an emergency, when knowledge of the study treatment is 
essential for the appropriate clinical management or welfare of the subject. Should a 
treating clinician require emergency unblinding, they should contact the clinical trials 
pharmacist at the Royal Victoria Hospital during working hours or if out of working 
hours the on call pharmacist for the Belfast Health and Social Care Trust for 
emergency unblinding.  Following this and once the patient is stable, all reasonable 
efforts should then be made to contact the CI or co-Investigators who will be 
contactable via an emergency contact telephone number 

The date and reason for the unblinding must be recorded in the CRF. 

Study drug 
 
Treatment regimen 
Subjects will be randomised to receive aspirin 75mg capsule or a placebo capsule 
enterally for up to 14 days. Subjects will be randomised in a 1:1 ratio using blocks of 
variable size. The first dose of the study drug will ideally be administered within 4 
hours of randomisation and subsequent doses will be as close to 10 am as possible 
starting on the following calendar day. 
 
Trained ICU clinical staff independent of the clinical trial will administer study drug 
according to local guidelines. The clinical staff who administer the drug will not be 
involved in any of the study specific assessments. 
 
 
Drug storage 
The drug should be stored under 25 oC. 
 
Study drug termination criteria 
Study drug will be continued until one of the following is met: 

8) 14 days after randomisation (maximum treatment period) 

9) Study drug related adverse event 

10) Critical care discharge 

11) Death or discontinuation of active treatment 

12) Request from Per LR or Pro LR to withdraw the patient from the study 

13) Decision by the attending clinician on safety grounds. 

14) Clinical indication for treatment with aspirin e.g. myocardial infarction. 

 
Study drug compliance 
Any omission of the study drug will be recorded in the CRF to monitor compliance. 
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Study drug accountability 
The clinical trials pharmacist will be responsible for maintaining records of the study 
drug dispensed to patients in ICU including dates, quantity, lot number and expiry 
date. Drug administration will be recorded on the patient’s prescription chart. 
 
Study drug return and destruction 
At the end of the treatment period any remaining unused drug will be returned to the 
hospital pharmacy. Destruction of trial medication will be in accordance with 
pharmacy department’s standard operating procedures (SOPs) and hospital waste 
management policy. A record of destruction will be maintained. 
 
Need for aspirin therapy during ICU stay 
The exclusion criteria prevent patients with ARDS on existing aspirin from being 
recruited.  In patients where there is a clinical indication for immediate treatment with 
aspirin (eg. acute myocardial infarction) the study drug will be discontinued and 
aspirin started.  The patient will not be un blinded and collection of data will continue. 
This will be recorded in the CRF. 
 
 
Standardised management 
All patients will receive standardised management with regards to nutrition, antibiotic 
policy, fluid management and weaning. Patients will be managed using a 
standardised mechanical ventilation protocol aiming for tidal volumes of 6 ml/kg ideal 
body weight (34). 

The influence of other treatments provided to critically ill patients will be minimised as 
standardised care is delivered based on evidence based local guidelines. 

Study assessments 
For routinely collected clinical data the NHS record will be the source document and 
for study specific clinical measurements the CRF will be the source document. 

Baseline data (day 0) is the 24 hours preceding the time of randomisation.  Day 1 is 
from the time of randomisation to the end of that calendar day. 
 

Day 0 (baseline) data 
The following will be recorded; 
Patient demographics 

 Date of birth, gender, height, weight and underlying aetiology of ARDS will be 

documented at baseline.  

The Acute Physiology And Chronic Health Evaluation score II (APACHE II) 
Simplified Acute Physiology Score II (SAPS II) 
Murray Lung Injury Score 
Oxygenation index 
P/F ratio 
Ventilation parameters (Mean Airway Pressure PEEP, Plateau Pressure and Tidal 
Volume) and ABG 
Sequential organ failure assessment (SOFA) score 
Renal replacement therapy (RRT) 
Clinical laboratory assessments: renal and liver function, haematological and 
coagulation parameters. 
 
Blood, urine, and BAL will be taken at baseline prior to study drug administration (day 1)  
from all patients. 
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Sampling procedures are outlined below. 

Daily data 
All daily measurements will be recorded and collected between 10am and 12midday 
or as close to this time as possible, unless otherwise stated in the CRF. 
Oxygenation index 
P/F ratio 
Ventilation parameters (Mean Airway Pressure PEEP, Plateau Pressure and Tidal 
Volume) 
Sequential organ failure assessment (SOFA) score 
Renal replacement therapy (RRT) 
Clinical laboratory assessments: renal, liver function and CRP, haematological and 
coagulation parameters. 
Overall fluid balance including blood product transfusions, FFP, red cell, platelets 
Diuretic use 
Study drug administration 
Adverse event assessment 

The duration of ventilation and ICU stay as well as ICU and hospital mortality will 
also be recorded. 

 
Day 4, 7 and 14 
Blood and urine will be taken on day 4 and 7, 14 
BAL will be taken on day 4 
 
Sampling procedures 

Blood and urine sampling 
Blood samples (35ml) and urine samples (10ml) will be collected by trained study 
staff and processed according to standard procedures as previously described 
(32,35). An additional blood sample (40ml) will be taken at baseline for monocyte or 
neutrophil isolation. 

Bronchoscopy and BAL 
Bronchoscopy and BAL will be undertaken and BAL fluid processed as previously 
described (32,36).  

In keeping with standard recommendations, patients who are receiving more than 
80% inspired oxygen or have a high positive end expiratory pressure (PEEP) of 
>10cm H2O will not undergo bronchoscopy and BAL. In addition if the ICU consultant 
has any concerns regarding safety the procedure will not be undertaken. 

Participants will be closely monitored during and after bronchoscopy and BAL. 
Participants will receive sedation and analgesia (to prevent discomfort) as part of 
standard care. Bronchoscopy and BAL can be associated with transient oxygen 
desaturation. Patients will be pre-oxygenated. Predefined stopping criteria are 
established and If oxygen saturation, as measured by pulse oximetry falls to <93% 
bronchoscopy and BAL will be stopped.  

Samples will be labelled with the patient’s unique Subject Number. 
All samples will be stored at –70oC after processing until analysis. 

Samples will be stored beyond study completion in Queen’s University Belfast. As new  
scientific data become available we will be able to use this resource of stored samples  
to investigate if this new data is relevant to ARDS pending additional ethical approval. 
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Exploratory analyses 
Measurements will include  

1. Pulmonary inflammatory responses will be assessed by the following: 

BAL biomarkers which may include but are not limited to the measurement of cytokines 
(including but not limited to TNFα, IL1β, IL6, IL8), proteases and antiproteases, 
coagulation factors (including but not limited to thrombin-antithrombin complex, tissue 
factor, protein C, thrombomodulin and plasminogen activator inhibitor1), and RAGE 
ligands will be undertaken. Identification of specific cellular populations within the BAL 
(using but not limited to cytospins, flow cytometry, ELISpot assays, in vitro cell 
expansion) will also be undertaken. Intracellular signalling activity in the alveolar space 
which may include but not limited to the measurement of BAL total and phosphorylated 
p38, ERK and JNK MAPKs and STAT -1/-3 from leucocyte extracts will be measured. 
Activated and total IκBα and β will be measured in cytoplasmic extracts and NFκβ and 
AP-1 in nuclear extracts. 
 
 
 
2. Systemic inflammatory responses will be assessed by the following: 

Plasma and serum inflammatory response biomarkers which may include but are not 
limited to measurement of plasma CRP, cytokines (including but not limited to TNFα, 
IL1β, IL6, IL8), lipocalins, proteases and antiproteases, adhesion and activation 
molecule expression (including but not limited to sICAM1), NETs, coagulation factors 
(including but not limited to thrombin-antithrombin complex, tissue factor, protein C, 
thrombomodulin and plasminogen activator inhibitor1), and RAGE ligands will be 
undertaken, specific cellular populations within the blood and BAL (using but not 
limited to cytospins and flow cytometry) and identification of transcriptome changes 
within these cell populations. 
 
3. Indices of pulmonary and systemic epithelial and endothelial function and injury 

will be assessed by the following: 

Plasma, serum and BAL biomarkers which may include but not be limited to 
measurement of RAGE, Ang I/II, SP-D, vWF, PCP3 as well as total protein, plasma 
albumin, α2-macroglobulin, and protein permeability (albumin:α2-macroglobulin ratio) 
will be undertaken. Urinary albumin/creatinine ratio will also be measured. 
 
4. Lipid inflammatory mediators will be assessed by the following: 

BAL, serum, plasma and urine biomarkers which may include but not be limited to the 
measurement of thromboxane B2, prostaglandin E metabolite and 15-epi-lipoxin A4 
will be undertaken.   Additional samples will be taken during day 1 aspirin metabolite 
levels and for thromboxane B2. 
 
Samples from subjects will also be tested on primary cultures of fresh human 
neutrophils monocytes and macrophages as well as mesenchymal stromal cells to 
determine surrogate markers of inflammation which may include but not be limited to 
the measurement of activation (shape change, CD11b surface expression, superoxide 
release), adhesion and transmigration, cytokine release and MMP production, rate of 
apoptosis and their ability to phagocytose. 

Alveolar macrophages will be isolated from BAL to study the effects of aspirin 
administration on alveolar macrophage function, which may include but not be limited 
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to the measurement of inflammatory mediator release and apoptosis as well as 
response to anti-protease peptides in vitro. Alveolar macrophages will be co-cultured 
with human mesenchymal stromal cells in the presence of BAL fluid from the same 
patient to determine the effect on their functional properties (cytokine release, 
phagocytosis, polarization markers expression). 

Monocytes or neutrophils will be isolated from blood at baseline. Cells will be 
stimulated (as monocytes) or matured for 5-7 days to produce monocyte-derived 
macrophages (MDMs). Cells (monocytes or MDMs) will be stimulated with LPS or other 
inflammatory stimuli to identify mechanisms modulating inflammatory responses in 
these cells during ARDS. The effect of aspirin or other anti-inflammatory therapeutics 
on cytokine production and their regulation will be measured by techniques including 
ELISA, multiplex, western blot, transcription factor assays and gene expressio 

 

Table 1. Trial procedure 

 

 

Day 
0 

Day 
1 

Day 
2-3 

Day 
4 

Day 
5-6 

Day 
7 

Day 
8-13 

Day 
14 

Day 
15- 42 

DAY 
90 

Eligibility 
assessment 

X          

Informed 
consent 

X 
       

 
 

Randomisatio
n 

X          

Baseline data X          

Daily data  X X X X X X X   

Study drug 
administration 

 X X X X X X X   

Adverse 
events 

 X X X X X X X X  

BAL sampling X   X       

Blood 
sampling 

X   X  X  X   

Urine 
sampling 

X   X  X  X   

Clinical 
Outcome 

        X X 

 

Data collection and recording 
All data for an individual patient will be collected by the CI or their delegated 
nominees and recorded in the CRF.  CRFs are to be submitted to the CTU as per the 
CRF Submission Schedule.   
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Patient identification in the CRF will be through their unique Subject Number allocated at the 
time of randomisation and initials. Data will be collected from the time the patient is considered 
for entry into the trial through to their discharge from hospital. 
Submitted data will be reviewed for completeness and entered onto a secure, backed-up 
custom database. Due care will be taken to ensure data safety and integrity, and compliance 
with the Data Protection Act 1998. 
Data censorship will occur after 90 days post randomisation. 
 
Training Issues 
To ensure accurate, complete and reliable data, the CTU will do the following: 
• Be available for consultation with the trial personnel by mail, telephone and/or fax. 
• Review and evaluate CRF data, detect errors in data collection and request data 

verification. 
 
 
 
Data management 
Following the submission of CRFs to the CTU, the data will be processed as per the 
CTU SOPs. Data queries will be generated for site staff as required to clarify data or 
request missing information.  The designated site staff will be required to respond to 
these queries within 2 weeks and send them back to the CTU after they have been 
reviewed and signed by the CI/delegated staff member. Any amended information 
will then be entered in the study database. A copy of the signed data query form 
should be retained with the CRF at the investigator site. 
 
Data storage 
All essential documentation and trial records will be stored by the CI in conformance with the 
applicable regulatory requirements and access to stored information will be restricted to 
authorised personnel. 
 
Archiving 
Trial documentation and data will be archived after completion of the trial in keeping 
with the applicable regulatory requirements. 

Pharmacovigilance  
Definition of adverse events 

The EU Clinical Trials Directive 2001/20 provides the definitions given in Table 2. 
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Table 2. Terms and definitions for adverse events 

Term  Definition  

Adverse Event  

(AE)  

Any untoward medical occurrence in a participant to whom a 
medicinal product has been administered including occurrences 
which are not necessarily caused by or related to that product.  

Adverse Reaction  

(AR)  

Any untoward and unintended response in a participant to an 
investigational medicinal product, which is related to any dose 
administered to that participant.  

Unexpected Adverse 
Reaction  

(UAR)  

An adverse reaction the nature and severity of which is not 
consistent with the information about the medicinal product in 
question set out in the Summary of Product Characteristics 
(SPC) for that product (for products with a marketing 
authorisation)  

Serious Adverse Event 
(SAE)  

Serious Adverse Reaction 
(SAR)  

Suspected Unexpected 
Serious Adverse Reaction 
(SUSAR)  

Respectively, any adverse event, adverse reaction or 
unexpected adverse reaction that:  

 results in death  

 is life-threatening  

 requires hospitalisation or prolongation of existing 

hospitalisation*  

 results in persistent or significant disability or incapacity  

 consists of a congenital anomaly or birth defect  

is any other important medical event(s) that carries a real, not 
hypothetical, risk of one of the outcomes above and suspected 
transmission via a medicinal product of an infectious agent. 

 
 
 
 
Assessment of Adverse Events 
The CI must assess severity (mild, moderate, severe), seriousness, causality and 
expectedness for any adverse events in keeping with regulatory requirements. 

Assessment of Severity 
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Category Definition 

Mild The adverse event does not interfere with the volunteer’s daily 

routine, and does not require intervention; it causes slight discomfort 

Moderate The adverse event interferes with some aspects of the volunteer’s 

routine, or requires intervention, but is not damaging to health; it 

causes moderate discomfort 

Severe The adverse event results in alteration, discomfort or disability which 

is clearly damaging to health 

 

Assessment of Causality 
The CI must make an assessment of whether the AE/SAE is likely to be related to 
treatment according to the following definitions 

Category Definition 

Definitely: There is clear evidence to suggest a causal relationship, 

and other possible contributing factors can be ruled out. 

Probably: There is evidence to suggest a causal relationship, and the 

influence of other factors is unlikely 

Possibly There is some evidence to suggest a causal relationship 

(e.g. the event occurred within a reasonable time after 

administration of the trial medication). However, the 

influence of other factors may have contributed to the event 

(e.g. the patient’s clinical condition, other concomitant 

events). 

Unlikely There is little evidence to suggest there is a causal 

relationship (e.g. the event did not occur within a 

reasonable time after administration of the trial medication). 

There is another reasonable explanation for the event (e.g. 

the patient’s clinical condition, other concomitant 

treatments). 

Not related There is no evidence of any causal relationship. 

Not Assessable Unable to assess on information available. 

 

 

 
Reporting requirements 
 
Adverse event reporting 
AEs that occur between trial entry and up to 28 days after completion of the study 
drug will be reported. 
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The CI or their delegated investigator is responsible for recording AEs observed 
during the study period. 

As STAR is recruiting in a population that is already in a life-threatening situation, it is 
expected that many of the patients will experience AEs.  Events that are suspected in 
this population (i.e. events in keeping with the underlying condition) should not be 
reported as AEs. The undesirable effects as listed in section 4.8 of the summary of 
product characteristics (SmPC) for aspirin will be used as the reference safety 
information. 

The investigator should attempt, if possible, to establish a diagnosis based on the 
subject’s signs and symptoms. When a diagnosis for the reported signs or symptoms 
is known, the investigator should report the diagnosis as the AE, rather than 
reporting the individual symptoms.  

The investigator should follow all AEs observed during the study until they are 
resolved or stabilized, or the events are otherwise explained. All AEs should be 
treated appropriately. Treatment may include one or more of the following: no action 
taken (i.e., further observation only); non-drug therapy given; discontinuation of study 
drug; subject’s hospitalized. The action taken to treat the AE will be recorded in the 
CRF. Once an AE is detected, it should be followed until its resolution or stabilisation, 
or the events are otherwise explained and the outcome recorded in the CRF.   

For both AEs and SAEs, the appropriate event report section in the CRF will be 
completed.  

The CI must send all SAE/SAR reports to the Sponsor (BHSCT Research Office) 
within 24 hours. 

AEs are recorded at each study time point and tabulated for inclusion in an annual 
Development Safety Update Report (DSUR) to the MHRA and REC.  

Suspected Unexpected Serious Adverse Reactions (SUSARs) 
Suspected Unexpected Serious Adverse Reactions (SUSARs) are SAEs that are 
unexpected i.e. their nature or severity is not consistent with the Summary of Product 
Characteristics and are considered to be caused by the study drug. SUSARs will be 
recorded and reported in line with UK statutory requirements for clinical trials 
involving Investigational Medicinal Products (IMP). 

The CI is responsible for reporting to the sponsor immediately the decision is taken 
that an SAR is a SUSAR using the dedicated BHSCT SUSAR reporting email 
address clinical.trials@belfasttrust.hscni.net. 

The sponsor is responsible for reporting SUSARs to the MHRA and REC, within the 
specified timelines as per the regulatory requirements. 

Urgent safety measures 
The sponsor and investigator may take appropriate urgent safety measures to 
protect clinical trial subjects from any immediate hazard to their health and safety. 
The investigator may implement urgent safety measures without prior approval from 
the REC/MHRA. 

When the CI becomes aware of information that necessitates urgent safety 
measures, they should phone the Clinical Trials Unit at the MHRA and discuss the 
issue with a medical assessor immediately once an urgent safety measure has 
occurred at a site. 

mailto:clinical.trials@belfasttrust.hscni.net


195 
 

The CI should report the urgent safety measure to the Sponsor (BHSCT Research 

Office) immediately, using the dedicated email address, 

clinical.trials@belfasttrust.hscni.net 

The Research Office will notify the MHRA and the main REC providing full details of 

the information they have received and the decision making process leading to the 

implementation of the urgent safety measure within 3 days. 

The notification should include a covering letter detailing the measures taken, the 

reason for them and the medical assessor contacted and any supporting 

documentation. 

Statistical considerations 

Sample size 
The primary outcome measure will be the difference in OI between the aspirin and 
placebo treated groups at day 7. Based on our data from a recently completed 
clinical trial in ARDS, the mean (standard deviation; SD) OI at day 7 in patients with 
ARDS is 62 (51) cmH2O/kPa (33). A sample size of 56 subjects (28 in each group) 
will have 80% power at a two-tailed significance level of 0.05 to detect a clinically 
significant difference of 39 cmH2O/kPa in OI between groups. In a previous phase 2 
study of similar size, we have found that an intervention can demonstrate a change 
in OI of a similar magnitude (33) confirming a treatment effect of this size can be 
achieved. 

Although we anticipate few withdrawals or loss to follow-up we have allowed for this 
in the sample size calculation. In our previous single centre study of simvastatin in 
ARDS there were no withdrawals. In a multi-centre UK study of pulmonary artery 
catheters in ICU patients (PAC-Man), no patients were lost to follow up, and only 3% 
withdrew consent after recovering competency (31). This is in keeping with our local 
data. Therefore a drop-out rate of 5% has been estimated and the study will require a 
total of 60 patients (30 in each group). 

Statistical analysis 
For continuously distributed outcomes, differences between groups will be tested 
using independent samples t-tests and analysis of covariance with transformations of 
variables to normality if appropriate, or non-parametric equivalents. Chi-square tests 
(or Fisher’s Exact tests) will be used for categorical variables. A secondary analysis 
excluding patients identified to have aspirin resistance will also be undertaken. The 
study will be analysed with an intention to treat so all randomised patients will be 
included in the analysis. A p value of 0.05 will be considered as significant. 
 
Correlations between changes in the biological markers measured and physiological 
and clinical outcomes will be assessed by appropriate graphical and statistical 
methods including Pearson’s (or Spearmans) correlation coefficient. 

A single final analysis is planned at the end of the trial. 

A detailed statistical analysis Plan will be written before the statistical analysis 
commences. 

All the power calculations and methodology for data analysis have been confirmed 
by Evie Gardner, Senior Biostatiscian, Northern Ireland Clinical Trials Unit (NICTU). 

 

mailto:clinical.trials@belfasttrust.hscni.net
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Research governance and regulatory approvals 
The trial will comply with the principles, requirements and standards set out in the 
Research Governance Framework and The Medicines for Human Use (Clinical 
Trials) Regulations 2004 and subsequent amendments.  
 
Sponsorship 

The BHSCT will act as sponsor. 

Regulatory approvals 
The trial will be conducted in accordance with the ethical principles that have their 
origin in the Declaration of Helsinki. Approval from a REC and a Clinical Trial 
Authorisation is needed before the start of the trial. 

The trial will be registered. 

The trial will be adopted to the Northern Ireland Clinical Research Network (NICRN) 
for Critical Care Clinical Research Portfolio. Accrual data on patient recruitment will 
be forwarded to the NICRN Co-ordinating Centre on a monthly basis. 

Ethical considerations 
The vulnerability of this study group is fully appreciated and every effort will be 
undertaken to protect their safety and well-being. In line with The Medicines For 
Human Use (Clinical Trials) Regulations 2004 and subsequent amendments and to 
comply with the Research Governance Framework, consenting processes are 
standardised and a robust SOP for consenting participants will be adhered to. 

Patient Confidentiality 
Patient confidentiality will be maintained at every stage and compliance with the Data 
Protection Act (1998). 

Good clinical practice 
The trial will be carried out in accordance with the principles of the International 
Conference on Harmonisation Good Clinical Practice (ICH-GCP) guidelines 
(www.ich.org). 

Trial monitoring 
Site monitoring will be directed by the sponsor according to the study risk 
assessment.  Site visits will be performed on a regular basis to ensure that all 
regulatory requirements are met and to monitor the quality of the data collected. Site 
monitoring visits will involve source data verification where applicable. 

Indemnity 
The BHSCT will provide indemnity for any negligent harm caused to patients.  

Funding 
The study is funded by The Health & Social Care Research & Development Division 
of the Public Health Agency, Northern Ireland. 
 
Safety and wellbeing of study participants 
Participant safety and well-being are protected by implementation of the sponsors 
SOPs as set out in the Research Governance Framework and The Medicines for 
Human Use (Clinical Trials) Regulations 2004. As sponsor the BHSCT requires all 
research to be managed through a dedicated Research Management System. 
Systems are in place to ensure that all investigators are able to demonstrate that they 
are qualified by education, training or experience to fulfil their roles and those systems 
and procedures are in place which can assure the quality of every aspect of the trial. 
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Safety of investigators 
The University and the Trust have Health and Safety Policies applicable to all 
employees. All personnel should also ensure they adhere to any other Health and 
Safety regulations relating to their area of work. The CI will ensure that all personnel 
have been trained appropriately to undertake their specific tasks. 

As the study fits closely to standard practice, there are few risks identified which are 
hazardous to the investigators. The study team will complete GCP and consent training 
prior to start up. 

Trial management 
The CI will take responsibility for the need to change the protocol for any reason, 
reviewing relevant information from other sources and considering recommendations 
from the DMEC. Day to day management will be undertaken via a trial management 
group composed of the CI and supporting staff. They will meet on a monthly basis to 
discuss study issues. The NICTU will be the Trial Co-ordinating Centre. 

Data Monitoring and Ethics Committee (DMEC) 
A DMEC will be appointed. The committee will be independent of the study team and 
will comprise Dr P Glover, an intensive care clinician, Prof. P. McKeown a clinician 
with experience in undertaking clinical trials with aspirin, as well as Prof. M. Clarke 
Director of the All Ireland Hub for Trials Methodology, an experienced clinical trialist. 
The DMEC will meet to agree conduct and remit. The DMEC will meet after the first 5 
patients have been enrolled into the study and then at 20, 40 and 60 patient 
intervals. In the event of an occurrence of an unexpected severe adverse reaction an 
additional unplanned DMEC meeting will be convened. As this is a phase 2 trial, an 
interim analysis of efficacy is not planned although this issue can be discussed by 
the DMEC as required. The DMEC will function primarily as a check for safety, 
reviewing adverse events. They will report any issues pertaining to safety to the 
Chief Investigator. It will be the responsibility of the Chief Investigator to inform the 
sponsor who will take appropriate action to halt the trial if concerns exist about 
patient safety. 

Trial schedule 
Investigative site preparation: August 2014 
Planned recruitment period: October 2014 – May 18 
Planned completion of last patient: May 2018 
Biochemical analysis: May 18 
Analysis and writing up of results: July 2018 

Dissemination 
The trial will be reported in accordance with the Consolidated Standards of Reporting 
Trials (CONSORT) guidelines (www.consort-statement.org). 

Dissemination will be achieved in several ways: (1) the findings will be presented at 
national and international meetings with open access abstracts on-line e.g. the 
American Thoracic Society annual meeting; and (2) in accordance with the open 
access policies proposed by the leading research funding bodies we aim to publish 
the findings in high quality peer-reviewed open access (via Pubmed) journals. This 
will secure a searchable compendium of these publications and make the results 
readily accessible to the public, health care professionals and scientists. 

Due to limited resources, it will be not be possible to provide each surviving patient 
with a personal copy of the results of the trial. However a lay person’s summary of 
the principal findings of the results will be sent to all patients involved in the study at 
their request.  In addition a lay person’s summary will be sent to local and national 

http://www.consort-statement.org/
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patient support and liaison groups (e.g. CritPaL). Where appropriate, research details 
will also be posted on institutional websites available to the general public. In 
addition, the most significant results will be communicated to the public through 
press releases. 
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ASpirin as a Treatment for ARDS 
 (STAR) 

  

Covering statement, information leaflet and consent form for 
Personal Legal Representative (Per LR) 

 

 

 

A study to determine whether aspirin is of therapeutic value in 

patients with Acute Respiratory Distress Syndrome (ARDS). 

 
We are inviting your relative/friend/partner to take part in a research study while 

they are a patient in this Intensive Care Unit.  Unfortunately, your 

relative/friend/partner is not well enough to be able to decide for themselves 

whether or not to participate.  Therefore we ask if you would read the 

information sheet carefully and give your opinion as to whether or not you think 

your relative/friend/partner would be willing to participate in this medical 

research. 

 

When your relative/friend/partner has regained consciousness and has the 

ability to understand the purpose of this study, we will explain the study to them 

and seek their permission to continue in the research.  Your 

relative/friend/partner’s decision to continue in the study or withdraw will 

override the consent you have given. 

 

If you have any further questions either now or at any time subsequently, 

please feel free to contact the a member of the research team (details at the 

end of the Information Sheet). 

 

Thank you for your time in considering this request. 
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 ASpirin as a Treatment for ARDS 
                       (STAR) 
What is the purpose of the study?  
Many patients admitted to the Intensive Care Unit (ICU) have a breathing 

machine, or ventilator, to help them breathe and ensure that enough oxygen 

gets into their blood. For reasons that are unclear, when people are critically ill 

their lungs often fail, which is termed Acute Respiratory Distress Syndrome 

(ARDS). Currently, there are no specific drugs that can be used to treat patients 

with ARDS.  

 

Some studies have suggested that giving a drug called aspirin may help repair 

the damage that may occur in patients with ARDS. Aspirin is used to treat 

people with heart attacks, help prevent strokes and as a pain relief.  At the 

moment, nobody is sure whether aspirin will help patients in the ICU with ARDS. 

This study is being conducted to find out if aspirin may be a potential therapy 

in the treatment of ARDS by studying its effects in a number of patients with 

ARDS.  

 

We will determine how patients’ ability to get oxygen across the damaged lungs 

into the blood is effected by giving them aspirin. We will also take samples of 

blood, urine and fluid in the lung to allow us to determine the ways in which 

ARDS develops and how aspirin might work to improve the condition.  

 

Why has your relative/friend/partner been chosen?  

The intensive care doctors have found that your relative/friend/partner is 

suffering from ARDS. Neither the researchers nor the intensive care doctors 

know whether aspirin will help your relative/friend/partner recover more quickly. 

Therefore, we are inviting you to give consent for your relative/friend/partner to 

take part in this study to help us find out if aspirin is beneficial for patients with 

ARDS. We plan to recruit 60 patients to join the study. Patients from the ICUs 

across Northern Ireland will take part.  
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Does my relative/friend/partner have to take part?  

It is up to you to decide whether or not that your relative/friend/partner takes 

part. If you do decide that they can take part you will be given this information 

sheet to keep and will be asked to sign a study consent form. You are still free 

to withdraw at any time and without giving a reason. If you decide that your 

relative/friend/partner should not take part the standard of care they will receive 

will not be affected.  

 

What will happen to my relative/friend/partner if they take part?  

Patients who join the study will be put into one of two groups. It is not possible 

to know beforehand which group they will be in; this will be decided by chance. 

One group will receive the study drug aspirin 75mg once daily and one group 

will receive a dummy drug (placebo) that looks exactly like the real medicine for 

up to 14 days. They will have an equal chance of receiving aspirin or placebo; 

half of the patients in the study will receive each treatment. When they receive 

the study treatment, neither you, nor your relative/friend/partner nor the doctors 

and nurses will know which group you are in, although the doctors can find out 

if they need to. This type of study is called a double-blind, placebo controlled, 

randomised trial, and it ensures that the treatment is tested fairly. Other than 

doses of either aspirin or placebo, your relative/friend/partner will receive the 

same care as other patients with ARDS.  

 

The medical notes will be reviewed by the doctors and nurses, to find out if the 

treatment that your relative/friend/partner has received has had any effect. The 

study team will review your relative/friend/partner progress on a daily basis.  

 

Samples will also be taken while your relative/friend/partner remains in ICU to 

allow the study team to determine the ways in which ARDS develops and by 

which aspirin might work to improve their condition. Blood and urine samples 

will be taken from the catheters they already have and so will not cause them 

any pain or discomfort.   We may share these samples with investigators in the 

UK or internationally for more specialised tests to help us understand ARDS.  
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A procedure called a bronchoalveolar lavage (BAL) may be performed on the 

first and fourth day of the study. It will only be preformed on those patients who 

are stable and will not interfere or delay any investigations or treatments. This 

involves the passage of a flexible tube (bronchoscope) with a light and video 

camera, which sends pictures to a television screen in the room. The 

bronchoscope is passed through the tube already in their throat and down into 

a lung. Some warm salty water is flushed into a small part of the lung and drawn 

back up again then the bronchoscope is removed. The entire procedure should 

take no more than 30 minutes. This is a well-recognised safe procedure 

undertaken often in ICU to look at lung inflammation as it allows us to collect 

cells from the lungs. The patient will already be sedated but extra sedation may 

be used if needed and some local anaesthetic may be used to make the 

procedure comfortable for them. This can rarely be associated with a fall in 

oxygen levels. Prior to inserting the bronchoscope the amount of oxygen will 

be increased and we will closely monitor these levels during the test. The test 

will be stopped if the oxygen level falls significantly. This will not be performed 

if the consultant in charge of the ICU has any concerns whatsoever.  

 

Storage of Samples  

We would like to store the samples indefinitely, however if you do not believe 

your relative/ friend/ partner would want this it does not affect their participation 

in the study. This reason we want to store a sample is that if new information 

or techniques are discovered in the future, this will allow us to use the sample 

stored to investigate if this new information is important in patients who have 

this ARDS.  The samples would be stored in Queen’s University Belfast, if future 

studies are to be carried out the investigators will first obtain an Ethics 

Committee approval.  

 

What are the possible benefits and disadvantages of taking part?  

Taking part in this study may contribute to improved treatment of patients with 

ARDS in the future.  

 



216 
 

Aspirin is a safe drug used by many patients suffering heart attacks, at risk of 

a stroke or as a pain relief. A previous study found that aspirin 75mg was well 

tolerated and not associated with increased side events compared to placebo 

in a healthy volunteers study. However, all medicines have potential side 

effects. Side effects of aspirin include heartburn, nausea, abdominal pain and 

an increased risk of bleeding. The doctors will monitor all people taking part in 

the trial, to ensure that any side effects are picked up. Blood tests will be 

performed regularly looking specifically for these side effects. The study drug 

would be stopped if they occur.  

 

What if something goes wrong?  

It is very unlikely that anything will go wrong as a result of taking part in this 

study. If you have any concerns about any aspect of this study, you should 

contact the local Chief Investigator (contact details below), who will do their 

best to answer your questions. If you remain unhappy and wish to complain 

formally, you can do this through the normal NHS Complaints Procedure.  

 

If something does go wrong and your relative/friend/partner is harmed due to 

someone’s negligence, then they may have grounds for a legal action against 

their NHS Trust, but they may have to pay their legal costs.  

 

Would your relative/friend/partner taking part in this study be kept 

confidential?  

Any information which is collected about your relative/friend/partner during the 

course of the study will be kept strictly confidential and will only be seen by staff 

involved in the study from the NHS Trust, Queen’s University of Belfast and 

people from regulatory authorities who ensure that studies such as this are 

carried out correctly. All of them will have a duty of confidentiality to your 

relative/friend/partner as a research participant.  

 

Your relative/friend/partner has the right to see their personal health information 

related to the research study, but they will not be able to review some parts of 

the  
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information until after the study has finished. When any information from the 

study is published it will contain no personal information and it will not be 

possible to identify any individual.  

 

The data from this study will be kept for at least five years after its conclusion 

and may be used in other research studies and data may be retained by Belfast 

Health and Social Care Trust and Queens University of Belfast. If it is used in 

this way all personal identifiers will be removed and it will not be possible to 

identify any individual.  

 

What will happen to the results of the research study?  

The study is expected to take three years, commencing in August 2014. It is 

envisaged that publication of the results will follow shortly after this, through 

medical publications, websites and press releases. At this point we will be 

happy to forward a summarized version of the principle findings of the results 

of the study at your relative/friend/partner’s request. This can be requested 

through the Northern Ireland Clinical Trial Unit (NICTU), contact details can be 

found at the end of this leaflet.  

 

Who is organising and funding the study?  

STAR is being organised by a group of doctors and scientists led by Professor 

Danny Mc Auley, who is a consultant at Royal Hospitals, Belfast, Northern 

Ireland. It is funded by the Research and Development Office HSC Northern 

Ireland. The sponsor of the study is the Belfast Health and Social Care Trust. 

 

Who has reviewed the study?  

This research has been reviewed by an independent group of people, called a 

Research Ethics Committee, to protect your relative/friend/partner’s safety, 

rights, wellbeing and dignity. This study has been reviewed and given a 

favourable opinion by the Research Ethics Committee (REC). The regulatory 

body MHRA has also reviewed this study.  
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What happens if I have any questions, concerns or complaints about 

the study?  

If you have any questions about your relative/friend/partner’s participation in 

this study or concerns about the way it has been carried out, you should contact 

the chief Investigator, member of the research team or for independent advice 

[ insert local name ] (contact details below). 

 

What happens if I don’t want my relative/friend/partner to carry on 

with the study?  

You are free to withdraw your consent to your relative /friend/partner to 

participate at any time and without giving a reason. This will not affect the 

standard of care they receive. You have the right to request samples collected 

as part of this study to be destroyed and no further laboratory analysis to be 

performed. Your study doctor can take them out of the study at any time if it is 

in their best medical interests to stop their participation.  

 

If you have any questions that remain unanswered, the study doctor or research 

nurse will be happy to answer these for you. If you require any further 

information you may contact the chief investigator or the co-ordinating centre 

as below. For any updates on the progress of your partner/ relative/ friend 

during the trial please speak to a treating physician or a member of the research 

team. 

 

How long do I have to think about entering my patient in the trial? 

We are examining the effect of aspirin early in the course of ARDS.  To do this 

we need to recruit your relative/ friend/ partner within 72 hours of their diagnosis 

of ARDS. 

Thank you for taking the time to read this Information Sheet 
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Contact details: 
Principal Investigator:   
Name:   [ Insert local PI ] 
Address:  
Telephone:  
 
STAR Co-ordinating Centre   
Address: NI Clinical Trials Unit 
  1st Floor Elliott Dynes Building 
  Royal Hospitals 
  Grosvenor Road 
  Belfast, BT12 6BN 
Telephone:  028 9063 5794 
   
Complaints/concerns 
Name:  [ insert local name ] 
Address:  
Telephone:  
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ASpirin as a Treatment for ARDS 
                       (STAR) 
 
Regarding patient (please write patients name here):  ___________________________ 
 
1. I confirm that I have read and understood the information sheet for the 

above study and have had the opportunity to ask questions and 

discuss the study. 

2. I understand that I am giving this consent based on what I believe 

would be my relative/friend/partner’s wishes.  In my opinion, they 

would be willing to participate in this study. 

3. I understand that my relative/friend/partner’s participation is voluntary 

and that I am free to withdraw my consent at any time, without giving 

any reason and without their medical care or legal rights being 

affected.  

4. I understand that sections of my relative/friend/partner’s medical notes 

may be inspected by responsible individuals from the NHS Trust, 

Queen’s University of Belfast or regulatory authorities, where it is 

relevant to their taking part in this research.  I give permission for 

these individuals to have access to my relative/friend/partner’s 

records. I agree to information related to this research being retained 

at the NHS Trust and the Queen’s University of Belfast. 

5. I agree to my relative/friend/partner taking part in this study. 

 
 
6. I agree to my relative/friend/partner having a bronchoscopy and 

bronchoalveolar lavage (BAL) performed on days 0 and 4 

 

 

7. I agree to my relative/friend/partner’s blood, urine and BAL samples 

being stored indefinitely so they can be used in future research in the 

event of new scientific research or techniques becoming available 

with regards to ARDS 

Please 
initial each 

box 
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8. I agree that my relative/friend/partner’s consent will override my 

consent, when they are able to give informed consent. 

 

9. I am the patient’s:       

 

     ___________________________________ 

   (please write you relationship to the patient here, e.g. wife/brother/partner 

etc) 

 

 

 

    

     

Name of Personal Legal 
Representative 

 Signature  Date (dd/mm/yy) 

     

     

Name of person taking 
consent 

 Signature  Date (dd/mm/yy) 
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ASpirin as a Treatment for ARDS 
 (STAR) 

  

Covering statement, information leaflet and consent form for 
Professional Legal Representative (Pro LR) 

 

 

 

A study to determine whether aspirin is of therapeutic value in 

patients with Acute Respiratory Distress Syndrome (ARDS). 

 
We would like your patient to take part in a research study while they are in this 

Intensive Care Unit.  Unfortunately, this patient is not well enough to be able to 

decide for themselves whether or not to participate and we are unable to 

contact any relatives or partners.  Therefore as the clinician with overall 

responsibility for this patient we ask if you would read the patient information 

sheet carefully and give your opinion as to whether or not you think your patient 

should participate in this medical research. 

 

When your patient has regained consciousness and has the ability to 

understand the purpose of this study, we will explain the study to them and seek 

their permission to continue in the research.  Your patient’s decision to continue 

in the study or withdraw will override the consent you have given. 

 

If you have any further questions either now or at any time subsequently, 

please feel free to contact the a member of the research team (details at the 

end of the Information Sheet). 

 

Thank you for your time in considering this request. 
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ASpirin as a Treatment for ARDS 
(STAR) 

                     

What is the purpose of the study?  

Many patients admitted to the Intensive Care Unit (ICU) have a breathing 

machine, or ventilator, to help them breathe and ensure that enough oxygen 

gets into their blood.  For reasons that are unclear, when people are critically ill 

their lungs often fail, which is termed acute respiratory distress syndrome 

(ARDS). Currently, there are no specific drugs that can be used to treat patients 

with ARDS.  

 

Some studies have suggested that giving a drug called aspirin may help repair 

the damage that may occur in patients with ARDS. Aspirin is used to treat 

people with heart attacks, help prevent strokes and as a pain relief. At the 

moment, nobody is sure whether aspirin will help patients in the ICU with ARDS. 

This study is being conducted to find out if aspirin may be a potential therapy 

in the treatment of ARDS by studying its effects in a number of patients with 

ARDS.  

 

We will determine how patients’ ability to get oxygen across the damaged lungs 

into the blood is effected by giving them aspirin. We will also take samples of 

blood, urine and fluid in the lung to allow us to determine the ways in which 

ARDS develops and how aspirin might work to improve the condition.  

 

Why has your patient been chosen?  

As the treating physician you have diagnosed your patient with ARDS. Neither 

the researchers nor the intensive care doctors know whether aspirin will help 

your patient recover more quickly. Therefore, we are inviting you to give 

consent for your patient to take part in this study to help us find out if aspirin is 

beneficial for patients with ARDS. To do this we need 60 patients to join the 

study. Patients from ICUs across Northern Ireland will take part.  

 

Does my patient have to take part?  
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It is up to you to decide whether or not that your patient takes part. If you do 

decide that they can take part you will be given this information sheet to keep 

and will be asked to sign a study consent form. You are still free to withdraw at 

any time and without giving a reason. If you decide that your patient should not 

take part the standard of care they will receive will not be affected.  

 

What will happen to my patient if they take part?  

Patients who join the study will be put into one of two groups. It is not possible 

to know beforehand which group they will be in; this will be decided by chance. 

One group will receive the study drug aspirin 75mg once daily and one group 

will receive a dummy drug (placebo) that looks exactly like the real medicine for 

up to 14 days. They will have an equal chance of receiving aspirin or placebo; 

half of the patients in the study will receive each treatment. When they receive 

the study treatment, neither you, nor your patient nor the doctors and nurses 

will know which group you are in, although the doctors can find out if they need 

to. This type of study is called a double-blind, placebo controlled, randomised 

trial, and it ensures that the treatment is tested fairly. Other than doses of either 

aspirin or placebo, your patient will receive the same care as other patients with 

ARDS.  

 

The medical notes will be reviewed by the doctors and nurses, to find out if the 

treatment that your patient has received has had any effect. The study team 

will review your relative/friend/partner progress on a daily basis.  

 

Samples will also be taken while your patient remains in ICU to allow the study 

team to determine the ways in which ARDS develops and by which aspirin 

might work to improve their condition. Blood and urine samples will be taken 

from the catheters they already have and so will not cause them any pain or 

discomfort.  We may share these samples with investigators in the UK or 

internationally for more specialised tests to help understand ARDS. 

 

A procedure called a bronchoalveolar lavage (BAL) will be performed on the 

first and fourth day of the study. It will only be preformed on those patients who 
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are stable and will not interfere or delay any investigations or treatments. This 

involves the passage of a flexible tube (bronchoscope) with a light and video 

camera, which sends pictures to a television screen in the room. The 

bronchoscope is passed through the tube already in their throat and down into 

a lung. Some warm salty water is flushed into a small part of the lung and drawn 

back up again then the bronchoscope is removed. The entire procedure should 

take no more than 30 minutes. This is a well-recognised safe procedure 

undertaken often in ICU to look at lung inflammation as it allows us to collect 

cells from the lungs. The patient will already be sedated but extra sedation may 

be used if needed and some local anaesthetic may be used to make the 

procedure comfortable for them. This can rarely be associated with a fall in 

oxygen levels. Prior to inserting the bronchoscope the amount of oxygen will 

be increased and we will closely monitor these levels during the test. The test 

will be stopped if the oxygen level falls significantly. This will not be performed 

if the consultant in charge of the ICU has any concerns whatsoever. 

 

Storage of Samples  

We would like to store the samples indefinitely, however if you do not believe 

your patient would want this it does not affect their participation in the study. 

This reason we want to store a sample is that if new information or techniques 

are discovered in the future, this will allow us to use the sample stored to 

investigate if this new information is important in patients who have this ARDS.  

The samples would be stored in Queen’s University Belfast, if future studies are 

to be carried out the investigators will first obtain an Ethics Committee approval.  

 

What are the possible benefits and disadvantages of taking 

part?  

Taking part in this study may contribute to improved treatment of patients with 

ARDS in the future.  

 

Aspirin is a safe drug used by many patients suffering heart attacks, at risk of 

a stroke or as a pain relief. A previous study found that aspirin 75mg was well 

tolerated and not associated with increased side events compared to placebo 
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in healthy volunteers with a type of ARDS. However, all medicines have 

potential side effects. Side effects of aspirin include heart burn, nausea, 

abdominal pain and an increased risk of bleeding. The doctors will monitor all 

people taking part in the trial, to ensure that any side effects are picked up. 

Blood tests will be performed regularly looking specifically for these side effects. 

The study drug would be stopped if they occur.  

 

What if something goes wrong?  

It is very unlikely that anything will go wrong as a result of taking part in this 

study. If you have any concerns about any aspect of this study, you should 

contact your hospital’s Chief Investigator (contact details below), who will do 

their best to answer your questions. If you remain unhappy and wish to 

complain formally, you can do this through the normal NHS Complaints 

Procedure.  

 

If something does go wrong and your patient is harmed due to someone’s 

negligence, then they may have grounds for a legal action against their NHS 

Trust, but they may have to pay their legal costs.  

 

Would your patient taking part in this study be kept 

confidential?  

Any information which is collected about your patient during the course of the 

study will be kept strictly confidential and will only be seen by staff involved in 

the study from the NHS Trust, Queen’s University of Belfast and people from 

regulatory authorities who ensure that studies such as this are carried out 

correctly.  All of them will have a duty of confidentiality to your patient as a 

research participant.  

 

Your patient has the right to see their personal health information related to the 

research study, but they will not be able to review some parts of the information 

until after the study has finished. When any information from the study is 

published it will contain no personal information and it will not be possible to 

identify any individual.  
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The data from this study will be kept for at least five years after its conclusion 

and may be used in other research studies and data may be retained by Belfast 

Health and Social Care Trust and Queens University of Belfast. If it is used in 

this way all personal identifiers will be removed and it will not be possible to 

identify any individual.  

 

 

What will happen to the results of the research study?  

The study is expected to take three years, commencing in August 2014. It is 

envisaged that publication of the results will follow shortly after this, through 

medical publications, websites and press releases. At this point we will be 

happy to forward a summarized version of the principle findings of the results 

of the study at your patient’s request.  This can be requested through the 

Northern Ireland Clinical Trial Unit (NICTU), contact details can be found at the 

end of this leaflet 

 

Who is organising and funding the study?  

STAR is being organised by a group of doctors and scientists led by Professor 

Danny McAuley, who is a consultant at Royal Hospitals, Belfast, Northern 

Ireland. It is funded by the Research and Development Office HSC Northern 

Ireland. The sponsor of the study is the Belfast Health and Social Care Trust. 

 

Who has reviewed the study?  

This research has been reviewed by an independent group of people, called a 

Research Ethics Committee, to protect your relative/friend/partner’s safety, 

rights, wellbeing and dignity. This study has been reviewed and given a 

favourable opinion by the Research Ethics Committee (REC). The regulatory 

body MHRA has also reviewed this study.  
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What happens if I have any questions, concerns or complaints 

about the study?  

If you have any questions about your patients participation in this study or 

concerns about the way it has been carried out, you should contact the chief 

Investigator or a member of the research team, or for independent advice [ 

insert local name ] (contact details at end of leaflet). 

 

What happens if I don’t want my patient to carry on with the 

study?  

You are free to withdraw your consent to your patient to participate at any time 

and without giving a reason. This will not affect the standard of care they 

receive. You have the right to request samples collected as part of this study to 

be destroyed and no further laboratory analysis to be performed. Your study 

doctor can take them out of the study at any time if it is in their best medical 

interests to stop their participation.  

 

If you have any questions that remain unanswered, the study doctor or research 

nurse will be happy to answer these for you. If you require any further 

information you may contact the chief investigator or the co-ordinating centre 

as below.  

 

How long do I have to think about entering my patient in the trial? 

We are examining the effect of aspirin early in the course of ARDS.  To do this 

we need to recruit your relative/ friend/ partner within 72 hours of their diagnosis 

of ARDS. 

 

 

 

Thank you for taking the time to read this Patient Information  

Sheet. 
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Contact details: 
Principal Investigator:   
Name:   [ insert local name } 
Address:  
Telephone:       
 
 
STAR Co-ordinating Centre   
Address: NI Clinical Trials Unit 
  1st Floor Elliott Dynes Building 
  Royal Hospitals 
  Grosvenor Road 
  Belfast BT12 6BN 
Telephone       028 9063 5794 
  
 
Complaints/concerns 
Name:  [ insert local name } 
Address:  
Telephone:      
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ASpirin as a Treatment for ARDS 
                       (STAR) 
 
Regarding patient (patients 
name):__________________________________ 
 

This form should be completed by a doctor who is unconnected with this 

research study only in situations where the patient is temporarily unable to 

provide informed consent for themselves, and if there is no 

relative/friend/partner willing and capable to act as the Personal Legal 

Representative.  The doctor primarily responsible for the medical treatment of 

the patient, or a person nominated by the relevant health care provider, can act 

as a professional legal representative for the patient, providing that they are not 

connected with the conduct of this study. 

 

I, Prof/Dr/Mr/Mrs ________________________, as the clinician with overall 

responsibility for this patient declare by signing this form that I have read the 

patient information sheet and have no objection for this patient to be entered 

into this research study.  I also understand that should the patient regain 

consciousness they will be informed of the decision to enter them into this 

research study and consent will be sought from them for their continued 

participation.  I agree that the patients consent will override my consent when 

the patient is able to give informed consent. 

 

 

 

  

 

  

Name of Professional Legal 

Representative 

 Signature  Date (dd/mm/yy) 
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Appendix 8 
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Appendix 9 
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Appendix 10 
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Appendix 11 
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 Unadjusted analysis Adjusted analysis 

 Aspirin 
(SD; n) 

Placebo 
(SD; n) 

Mean difference 
(95% CI) 

p 
value♯ 

Aspirin 
(SE; n) 

Placebo 
(SE; n) 

Mean difference 
(95% CI) 

p 
value≠ 

 
Primary outcome Day 7 OI – cmH2O/ kPa 

Day 7 
Observed 
values   

54.4 (26.8; 
n=17) 

42.4 (25.0; 
n=17) 

12.0 (-6.1 to 
30.1) 

0.19 
54.5 (6.4; 

n=17) 
42.3 (6.4; 

n=17) 
12.2 (-6.2 to 30.7) 0.19 

Day 7 
Imputed 
values*  

45.7 (27.0; 
n=24) 

46.8 (33.8; 
n=25) 

-1.1 (-18.7 to 
16.6) 

0.90 
46.8 (6.1; 

n=24) 
45.7 (6.0; 

n=25) 
1.1 (-16.3 to 18.5) 0.90 

 
OI – cmH2O/ kPa 

Day 4  
61.4 (36.9; 

n=22) 
54.5 (28.8; 

n=23) 
6.9 (-13.0 to 

26.8) 
0.49 

62.0 (6.9; 
n=22) 

53.9 (6.7; 
n=23) 

8.1 (-11.3 to 27.6) 0.40 

Day 14  
52.3 (36.6; 

n=7) 
37.4 (24.1; 

n=10) 
14.9 (-16.4 to 

46.1) 
0.33 

52.3 (13.4; 
n=7) 

37.3 (10.8; 
n=10) 

15.0 (-25.5 to 
55.4) 

0.44 

 
Mean respiratory compliance (l/cmH2O) 

Day 4  
31.5 (24.3; 

n=9) 
24.6 (11.8; 

n=9) 
6.9 (-12.2 to 

25.9) 
0.46 

22.6 (4.4; 
n=9) 

28.1 (4.1; 
n=9) 

-5.5 (-19.1 to 8.1) 0.39 

Day 7  
65.5 (81.2; 

n=4) 
37.1 (25.4; 

n=4) 
28.3 (-75.7 to 

132.4) 
0.53 

75.5 (46.8; 
n=4) 

39.9 (46.8; 
n=4) 

35.6 (-175.9 to 
247.2) 

0.63 

Day 14  36.5 (n=1) 14.2 (n=1) 22.3 (N/A) N/A     

 
 
Mean PF ratio (kPa) 

Day 4  
26.1 (9.2; 

n=24) 
25.9 (9.0; 

n=23) 
0.5 (-4.9 to 5.9) 0.85 

25.9 (1.9; 
n=24) 

25.9 (1.9; 
n=23) 

-0.05 (-5.3 to 5.4) 0.99 
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Day 7  
26.8 (9.9; 

n=21) 
30.6 (12.2; 

n=22) 
-3.8 (-10.6 to 3.1) 0.27 

26.5 (2.4; 
n=21) 

31.0 (2.3; 
n=22) 

-4.5 (-11.2 to 2.3) 0.19 

Day 14  
27.7 (9.9; 

n=10) 
28.4 (9.1; 

n=15) 
-1.2 (-9.0 to 6.6) 0.76 

26.7 (2.9; 
n=10) 

29.5 (2.3; 
n=15) 

-2.8 (-10.7 to 5.0) 0.46 

 
Change in SOFA score from baseline 

Day 4 
-1.3 (2.9; 

n=22) 
-1.9 (2.9; 

n=21) 
0.5 (-1.2 to 2.3) 0.54 

-1.4 (0.6; 
n=22) 

-1.8 (0.6; 
n=21) 

0.4 (-1.4 to 2.1) 0.66 

Day 7  
-2.8 (3.8; 

n=20) 
-4.4 (3.0; 

n=21) 
1.1 (-0.5 to 3.8) 0.13 

-2.9 (0.7; 
n=20) 

-4.2 (0.7; 
n=21) 

1.3 (-0.8 to 3.3) 0.23 

Day 14  
-2.7 (3.6; 

n=10) 
-7.3 (4.0; 

n=13) 
4.6 (1.3 to 7.9) 0.009 

-3.8 (1.1; 
n=10) 

-6.4 (0.9; 
n=13) 

2.6 (-0.5 to 5.8) 0.10 

 
 
 

Unadjusted and adjusted (for baseline) analysis on outcome measures.  For unadjusted data is mean (SD; number of patients 
analysed), for adjusted data is mean (SE; number of patients analysed).  SD or SE not available when n= 1.  OI= oxygenation 
index.  SOFA= sequential organ failure assessment.  
* Analysis used the last available data before the patient discontinued form the study of data was missing form a specific time point.  
Other outcomes were analysed using only data available at the specific time point. 
≠ p value calculated via ANCOVA 
♯ p value calculated via T Te
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