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Nebulised heparin for patients with or at risk of acute 
respiratory distress syndrome: a multicentre, randomised, 
double-blind, placebo-controlled phase 3 trial
Barry Dixon, Roger J Smith, Duncan J Campbell, John L Moran, Gordon S Doig, Thomas Rechnitzer, Christopher M MacIsaac, Nicholas Simpson, 
Frank M P van Haren, Angajendra N Ghosh, Sachin Gupta, Emma J C Broadfield, Timothy M E Crozier, Craig French, John D Santamaria on behalf 
of the CHARLI Study Group*

Summary
Background Mechanical ventilation in intensive care for 48 h or longer is associated with the acute respiratory distress 
syndrome (ARDS), which might be present at the time ventilatory support is instituted or develop afterwards, 
predominantly during the first 5 days. Survivors of prolonged mechanical ventilation and ARDS are at risk of 
considerably impaired physical function that can persist for years. An early pathogenic mechanism of lung injury in 
mechanically ventilated, critically ill patients is inflammation-induced pulmonary fibrin deposition, leading to 
thrombosis of the microvasculature and hyaline membrane formation in the air sacs. The main aim of this study was 
to determine if nebulised heparin, which targets fibrin deposition, would limit lung injury and thereby accelerate 
recovery of physical function in patients with or at risk of ARDS.

Methods The Can Heparin Administration Reduce Lung Injury (CHARLI) study was an investigator-initiated, 
multicentre, double-blind, randomised phase 3 trial across nine hospitals in Australia. Adult intensive care patients 
on invasive ventilation, with impaired oxygenation defined by a PaO2/FiO2 ratio of less than 300, and with the 
expectation of invasive ventilation beyond the next calendar day were recruited. Key exclusion criteria were heparin 
allergy, pulmonary bleeding, and platelet count less than 50 X 10⁹/L. Patients were randomly assigned 1:1, with 
stratification by site and using blocks of variable size and random seed, via a web-based system, to either unfractionated 
heparin sodium 25 000 IU in 5 mL or identical placebo (sodium chloride 0·9% 5 mL), administered using a vibrating 
mesh membrane nebuliser every 6 h to day 10 while invasively ventilated. Patients, clinicians, and investigators were 
masked to treatment allocation. The primary outcome was the Short Form 36 Health Survey Physical Function Score 
(out of 100) of survivors at day 60. Prespecified secondary outcomes, which are exploratory, included development of 
ARDS to day 5 among at-risk patients, deterioration of the Murray Lung Injury Score (MLIS) to day 5, mortality 
at day 60, residence of survivors at day 60, and serious adverse events. Analyses followed the intention-to-treat 
principle. There was no imputation of missing data. The trial is registered with the Australian and New Zealand 
Clinical Trials Register, number ACTRN12612000418875 .

Findings Between Sept 4, 2012, and Aug 23, 2018, 256 patients were randomised. Final follow-up was on Feb 25, 2019. 
We excluded three patients who revoked consent and one ineligible participant who received no intervention. Of 
252 patients included in data analysis, the mean age was 58 years (SD 15), 157 (62%) were men, and 118 (47%) had 
ARDS. 128 (51%) patients were assigned to the heparin group and 124 (49%) to the placebo group, all of whom received 
their assigned intervention. Survivors in the heparin group (n=97) had similar SF-36 Physical Function Scores at day 60 
compared to the placebo group (n=94; mean 53·6 [SD 31·6] vs 48·7 [35·7]; difference 4·9 [95% CI –4·8 to 14·5]; 
p=0·32). Compared with the placebo group, the heparin group had fewer cases of ARDS develop to day 5 among the 
at-risk patients (nine [15%] of 62 patients vs 21 [30%] of 71 patients; hazard ratio 0·46 [95% CI 0·22 to 0·98]; p=0·0431), 
less deterioration of the MLIS to day 5 (difference –0·14 [–0·26 to –0·02]; p=0·0215), similar day 60 mortality (23 [18%] 
of 127 patients vs 18 [15%] of 123 patients; odds ratio [OR] 1·29 [95% CI 0·66 to 2·53]; p=0·46), and more day 60 
survivors at home (86 [87%] of 99 patients vs 73 [73%] of 100 patients; OR 2·45 [1·18 to 5·08]; p=0·0165). A similar 
number of serious adverse events occurred in each group (seven [5%] of 128 patients in the heparin group vs three [2%] 
of 124 patients in the placebo group; OR 2·33 [0·59 to 9·24]; p=0·23), which were a transient increase in airway 
pressure during nebulisation (n=3 in the heparin group), major non-pulmonary bleeding (n=2 in each group), 
haemoptysis (n=1 in the heparin group), tracheotomy site bleeding (n=1 in the heparin group), and hypoxaemia 
during nebulisation (n=1 in the placebo group).

Interpretation In patients with or at risk of ARDS, nebulised heparin did not improve self-reported performance of 
daily physical activities, but was well tolerated and exploratory outcomes suggest less progression of lung injury and 
earlier return home. Further research is justified to establish if nebulised heparin accelerates recovery in those who 
have or are at risk of ARDS.
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Introduction
Mechanical ventilation in intensive care for 48 h or longer 
is associated with the acute respiratory distress syndrome 
(ARDS).1 The diagnosis is usually made at the time of 
initiating ventilatory support or during the following 
5 days.1 ARDS affects 23% of mechanically ventilated, 
critically ill patients and has a mortality of up to 46%.2,3 
Survivors of prolonged mechanical ventilation and ARDS 
have marked limitations in physical function, are more 
often readmitted to hospital, and have greater need of 
rehabilitation services and long-term care than those who 
required less than 48 h of mechanical ventilation.4–9 
Considerable physical limitations persist at 5 years after 
diagnosis and include difficulty undertaking basic activities, 
such as walking, bathing, and dressing.10 Dexamethasone 
has been found to improve survival in patients with 
established ARDS, but no pharmacological intervention 
as of yet, including corticosteroids, ketoconazole, dipyrid-
amole, and aspirin, has been shown to both prevent ARDS 
and accelerate recovery from ARDS.11–13

The hallmark histological feature arising from the 
inflammatory response that causes ARDS is a fibrin 
mesh in the air sacs, known as a hyaline membrane, on 
which leucocytes attach and contribute to the development 
of diffuse alveolar damage.14–16 Another early manifestation 
of the inflammatory response is fibrin accumulation in 
pulmonary capillaries and venules, which leads to 
microvascular thrombosis,17–19 and the extent of this 
thrombosis correlates with the severity of acute lung 
injury.18,20 Nebulised heparin targets pulmonary fibrin 
deposition. Phase 1 and 2 trials undertaken by our group 
in patients with acute lung injury and related conditions 
found that nebulised heparin significantly reduced 
pulmonary dead space, coagulation activation, micro-
vascular thrombosis, and deterioration in the Murray 
Lung Injury Score (MLIS), and increased time free of 
ventilatory support.21–27 Heparin has other actions that 
might also be beneficial in this patient population. It has 
been shown to bind to bacterial and viral pathogens, 
demonstrating efficacy in animal models of pneumonia 

Research in context

Evidence before this study
An early and important mechanism in the pathogenesis of 
inflammation-induced lung injury is pulmonary fibrin 
deposition that leads to thrombosis of the microvasculature, 
hyaline membrane formation in the air sacs, and development 
of the acute respiratory distress syndrome (ARDS). Intensive 
care patients expected to require prolonged mechanical 
ventilation often present with ARDS or develop ARDS in the 
initial days after commencing ventilatory support, and face a 
prolonged period of recovery with considerable impairment of 
their physical function. We searched PubMed for articles 
published from database inception up to Sept 12, 2020, using 
the terms “acute respiratory distress syndrome” OR “adult 
respiratory distress syndrome” OR “acute lung injury” OR 
“ARDS” OR “mechanical ventilation”, AND “heparin”, AND 
“inhaled” OR “nebulised”, AND “randomised controlled trial” 
OR “randomised trial”. A phase 1 study in mechanically 
ventilated intensive care patients with acute lung injury or 
ARDS found nebulised heparin significantly reduced 
coagulation activation in the lungs. A subsequent randomised, 
double-blind, phase 2 study in 50 intensive care patients 
expected to require more than 48 h of mechanical ventilation 
found significant improvement in the Murray Lung Injury 
Score and the number of ventilator-free days with nebulised 
heparin. A multicentre trial of nebulised heparin 5000 IU every 
6 h (a low dose) for prevention of ventilator-associated 
pneumonia did not find any improvement in clinical outcomes 
nor, however, did it raise safety concerns. No other completed 

randomised trials of nebulised heparin in patients with or at 
risk of developing ARDS were identified, reinforcing the need 
for a phase 3 trial.

Added value of this study
To our knowledge, this is the first multicentre trial to test the 
efficacy of nebulised heparin for reducing lung injury and 
improving the physical function recovery of mechanically 
ventilated intensive care patients with or at risk of developing 
ARDS. Blinded treatment with unfractionated heparin sodium 
25000 IU or placebo was administered using a vibrating mesh 
membrane nebuliser every 6 h to day 10 while ventilated. The 
intervention was given in addition to usual care, including 
intravenous and subcutaneous heparin, and was well tolerated. 
The primary outcome, the Short Form 36 Health Survey Physical 
Function Score of survivors at day 60, was not improved. 
Secondary outcomes, which are exploratory, were consistent with 
reduced progression of lung injury, including fewer cases of new 
ARDS, less deterioration in the Murray Lung Injury Score, and 
faster recovery, with more survivors residing at home at day 60.

Implications of all the available evidence
Nebulised heparin can be safely administered to patients with 
or at risk of ARDS. Outcomes from early-phase clinical trials, and 
now secondary outcomes from a phase 3 clinical trial, suggest 
nebulised heparin might attenuate progression of lung injury 
and expedite recovery. Further research is required to establish 
whether nebulised heparin accelerates recovery in patients with 
or at risk of ARDS.

Funding Rowe Family Foundation, TR and RB Ditchfield Medical Research Endowment Fund, Patricia Madigan 
Charitable Trust, and The J and R McGauran Trust Fund.

Copyright © 2021 Elsevier Ltd. All rights reserved.
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and limiting infectivity in-vitro of the severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2).28,29 
Heparin also increases release of nitric oxide from the 
vascular endothelium, inhibits inflammatory pathways in 
the pulmonary and systemic circulation, reduces mucus 
tenacity, and prevents bronchospasm.30–32

We hypothesised that in patients with or at risk of 
developing ARDS, nebulised heparin would attenuate 
the development of acute lung injury and thereby 
accelerate recovery of physical function, assessed by the 
Short Form 36 Health Survey (SF-36) Physical Function 
Score in survivors at day 60.8,10

Methods
Study design and patients
This was an investigator-initiated, multicentre, double-
blind, randomised, phase 3 trial conducted at nine 
hospitals in Australia (eight in Victoria and one in the 
Australian Capital Territory).

Eligible patients were aged 18 years or older, were 
receiving invasive mechanical ventilation via an 
endotracheal tube, had been intubated on the day of 
randomisation or the preceding day, had impaired 
oxygenation defined by an arterial partial pressure of 
oxygen to fraction of inspired oxygen ratio (PaO2/FiO2) 
of less than 300 while invasively ventilated, were 
expected to require invasive ventilation beyond the end 
of the following day, and had active (heated) ventilator 
circuit humidification. These characteristics meet the 
oxygenation criteria for ARDS and are strongly 
associated with both the presence of ARDS and the risk 
of developing ARDS.1,23,33,34

Exclusions for safety were pregnancy, heparin allergy, 
platelet count of less than 50 × 10⁹/L, activated partial 
thromboplastin time (APTT) more than 80 s not due to 
anticoagulant therapy, uncontrolled bleeding, pulmonary 
bleeding, central nervous system bleeding, neurosurgery, 
epidural catheterisation, and hepatic encephalopathy 
or portal hypertension. Extra corporeal membrane 
oxygenation and high frequency oscillation ventilation 
were also exclusions as these could impede delivery of 
the intervention. Imminent death, anticipated death 
from an underlying cause within 90 days, treatment 
limitations, chronic dialysis, dementia, tracheostomy, 
home oxygen, home ventilation, and nerve injury or 
disease with likely prolonged ventilation were further 
exclusions as these could confound outcome assessment. 
A full list of eligibility criteria can be found in the 
appendix (p 5).

St Vincent’s Hospital (Melbourne, VIC, Australia) 
Human Research Ethics Committee (HREC) granted 
ethics committee approval for eight of the nine 
participating centres, with ACT Health HREC (Canberra, 
ACT, Australia) granting approval for the remaining 
centre. Because all patients lacked capacity to consider 
participation at the time of eligibility, informed written 
consent was obtained from their substitute decision 

maker prior to enrolment, unless the substitute decision 
maker was unable to attend the hospital. In these 
circumstances, and in accordance with the approved 
consent procedures, verbal (telephone) consent was 
obtained before enrolment, and written consent was 
subsequently obtained. Additional information about the 
study design is available in the appendix (pp 4–9).

The protocol (version 1, version 2, and version 3) is 
available on Research Gate.26 

Randomisation and masking
Patients were randomly assigned 1:1 to receive nebulised 
heparin (heparin group) or placebo (placebo group). Site 
research personnel performed randomisation using 
a central, password-protected, encrypted, web-based 
automated system hosted at the University of Sydney 
(Sydney, NSW, Australia). Randomisation was stratified 
by site. To ensure allocation concealment, blocks of 
variable size and a random seed were employed, and the 
random allocation sequence was developed by an 
independent researcher (GSD) and was not known to the 
investigators. Both study medications were manufactured 
by Pfizer (Sydney, NSW, Australia) and were presented 
by the manufacturer in ampoules of identical size, colour, 
shape, and material. Pharmacists at St Vincent’s Hospital 
purchased the medications through the usual hospital 
procedures at market price and masked the ampoules 
according to the labelling requirements of Good 
Manufacturing Practice. The active treatment and the 
placebo were identical in appearance. The participants, 
clinical team, and investigators were masked to treatment 
allocation. The study medication was administered by 
clinicians under the supervision of site investigators 
and research coordinators, and all ampoules of study 
medication assigned to each participant were accounted 
for by the investigators and coordinators. There were no 
reports of unmasking including on the drug 
accountability logs.

Procedures
The study intervention was unfractionated heparin 
sodium 25 000 IU 5 mL or identical placebo (sodium 
chloride 0·9% 5 mL) every 6 h using a vibrating mesh 
membrane nebuliser (Aeroneb Solo, Aerogen, Galway, 
Ireland), but only while receiving invasive mechanical 
ventilation and only to day 10. Each dose was delivered 
over 10–15 mins. The heparin dose and nebulisation 
methodology were developed through earlier phase 1 and 
phase 2 studies by our group in mechanically ventilated, 
intensive care patients with ARDS and related 
conditions.21,23,27 An expiratory filter (Servo Duo Guard, 
Maquet Critical Care AB, Solna, Sweden) prevented 
the nebulised drug impairing ventilator function. Active 
(heated) ventilator circuit humidification was employed 
(appendix p 6). All other aspects of participant manage-
ment, including investigations and use of intravenous 
and subcutaneous unfractionated heparin and low 
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molecular weight heparin at prophylactic and therapeutic 
doses, were at the discretion of the treating physicians.

Outcomes
The primary outcome was the SF-36 Physical Function 
Score of survivors at day 60. This assesses patient (or 
proxy) reported limitations across ten physical activities; 
the minimum score is 0 and the maximum is 100. 
A lower score indicates worse function.35

Key prespecified secondary clinical efficacy endpoints 
were: development of new ARDS among at-risk patients 
to day 5, adjusted for the competing risk of death; 
deterioration in the MLIS to day 5; time to ventilator 
separation to day 28, and time to intensive care unit 
(ICU) separation to day 28, each adjusted for the 
competing risk of death and reported separately for all 
patients and survivors; tracheotomy, institution of new 
respiratory rescue therapies, and ICU readmission, 
each by day 28; vasopressor therapy-free days to day 28, 
and renal replacement therapy-free days to day 28, with 
non-survivors assigned 0 therapy-free days and reported 
separately for all patients and survivors; mortality 
at day 28; acute hospital length of stay and acute 
hospital discharge destination; mortality, place of 
residence, and quality of life, assessed using the 
EQ-5D-3L, at day 60 and at day 180; and proximate 
cause of death and SF-36 Physical Function Score of 
survivors at day 180.

Deterioration in the MLIS to day 5 was calculated by 
subtracting the baseline score from the highest score 
measured once daily on days 1 to 5. The score was 
calculated using all of the available score components for 
all patients while they were receiving invasive or non-
invasive ventilatory support; respiratory compliance was 
calculated by tidal volume divided by the difference of 
peak inspiratory and expiratory pressures.36,37

Development of ARDS was assessed once daily on days 
1 to 5 in at-risk patients. ARDS was defined using the 
Berlin criteria; any level of invasive or non-invasive 
ventilatory support was taken as sufficient to satisfy 
positive end-expiratory pressure and continuous positive 
airway pressure criteria.38 Chest imaging was assessed 
using a structured tool (appendix p 7) by a blinded 
investigator (BD, TR, NS, FMPvH, ANG, SG, EJCB, 
TMEC, and CF) at each participating site trained using 
resources provided by the ARDS Task-Force.38

Ventilator separation was deemed to have occurred 
if the patient had not received either invasive or 
non-invasive ventilatory support at any time during the 

Figure 1: Trial profile
The screening log was maintained at all study sites except Hospital H. Primary 

outcome was Short Form-36 Health Survey Physical Function Score of survivors 
at day 60. GI=gastrointestinal. APTT=activated partial thromboplastin time. 
ECMO=extra-corporeal membrane oxygenation. CPAP=continuous positive 

airway pressure. *Patient received no study intervention. 

131 assigned to nebulised heparin (heparin group) 125 assigned to nebulised sodium chloride 0·9%
(placebo group)

128 analysed 124 analysed

Primary outcome
23 deceased

8 not assessed
97 assessed

Primary outcome
18 deceased
12 not assessed
94 assessed

3 withdrawn
2 withdrew consent
1 ineligible due to platelet count

<50 × 109/L*

256 randomly assigned
120 hospital A

30 hospital B
28 hospital C
23 hospital D
20 hospital E
14 hospital F
10 hospital G

8 hospital H
3 hospital I

1780 not enrolled
834 excluded for safety

350 intracranial, spinal, or epidural haemorrhage
115 uncontrolled bleeding
98 platelet count <50 × 109/L
76 hepatic encephalopathy, GI bleeding due to portal  

hypertension, or cirrhosiswith portal hypertension
75 neurosurgery
71 pulmonary bleeding
22 APTT >80 s not due to anticoagulant therapy
17 pregnancy
6 epidural catheter
3 heparin-induced thrombocytopenia
1 allergy to heparin

590 excluded for confounding of outcome assessment
219 death imminent or inevitable or likely within 

90 days due to underlying disease
103 treatment limits restrict provision of dialysis, 

 inotropes, vasopressors, or invasive ventilation
69 home ventilation, including CPAP
68 competing study
37 nerve disease affecting breathing
33 chronic dialysis
24 tracheostomy in-situ
22 home oxygen

7 spinal cord injury affecting breathing
6 dementia
2 previously enrolled

59 excluded due to nebulisation impediment
58 ECMO

1 high frequency oscillation ventilation
121 other (unspecified)
176 eligible (not enrolled)

90 consent refused
86 clinician objection

1 withdrawn
1 withdrew consent

2036 patients screened and met inclusion criteria
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remainder of the day of stopping ventilatory support or 
the next day. If a participant achieved ventilator separation 
more than once, it was the final separation that was used 
to calculate the outcome. Similarly, if ICU separation 
occurred more than once, it was the final separation that 
was used to calculate the outcome. Deceased patients 
at day 28 were treated as though ventilated in the ICU at 
the end of day 28.

Prespecified serious adverse events were major 
bleeding,39 pulmonary bleeding with clinical deterio-
ration, heparin-induced thrombocytopaenia confi rmed 
by anti body testing, impaired function of the mechanical 
ventilator with clinical deterioration, and any serious 
adverse event considered by the site investigator to be at 
least possibly related to the study. Other prespecified 

safety outcomes were red cell transfusion, haemoglobin, 
and platelet count to day 10.

Analyses of secondary outcomes listed in the protocol26 
that pertain to biomarkers of inflammation and to cost-
effectiveness will be undertaken and reported in future 
publications.

A post-hoc analysis was performed to further explain 
the results in relation to the effect of the intervention on 
the primary outcome for patients with substantial 
limitations performing physical activities, based on a 
SF-36 Physical Function Score of less than 20 at day 60. 
In addition, deterioration in the MLIS to day 5 was 
assessed separately for patients with ARDS at baseline 
and for those at risk of developing ARDS.

Statistical analysis
To show a clinically important 10-point improvement 
in the primary outcome, a sample of 198 patients was 
required assuming an improvement in the score from 
45 to 55 with SD 25, 80% power, and a two-sided 
significance level of 0·05 and, to allow for loss of 
physical function information due to death, 60-day 
mortality of 30% was assumed, necessitating 
enrolment of another 58 patients and giving a final 

Heparin group 
(n=128)

Placebo group 
(n=124)

Age, years 58 (15) 59 (15)

Sex

Female 45 (35%) 50 (40%)

Male 83 (65%) 74 (60%)

Body-mass index, kg/m² 30·2 (8·0); 
n=127

29·9 (8·1); 
n=123

Comorbid conditions

Ever smoked 78 (61%) 81 (65%)

COPD 32 (25%) 32 (26%)

Asthma 21 (16%) 20 (16%)

Other respiratory disease* 14 (11%) 17 (14%)

Leading risk factors for ARDS†

Pneumonia 87 (68%) 91 (73%)

Sepsis, non-pulmonary 20 (16%) 18 (15%)

Inhalation of food or gastric 
contents

16 (13%) 20 (16%)

Cardiopulmonary bypass 6 (5%) 7 (6%)

Pancreatitis 5 (4%) 3 (2%)

APACHE II Score‡ 23 (7) 24 (7)

Therapies

Inotrope or vasopressor 
infusion

104 (81%) 93 (75%)

Renal replacement therapy 15 (12%) 12 (10%)

Corticosteroid 61 (48%) 61 (49%)

Respiratory rescue therapies

Neuromuscular blocker 59 (46%) 61 (49%)

Recruitment manoeuvre 9 (7%) 10 (8%)

Nitric oxide or prostacyclin 8 (6%) 10 (8%)

Prone positioning 1 (1%) 2 (2%)

Respiratory characteristics

PaO2/FiO2 ratio§ 185 (68); n=126 184 (84); n=123

Respiratory rate, 
breaths/minute

20 (6) 19 (5); n=123

Tidal volume, mL/kg pbw 7·6 (1·8); n=127 7·8 (2·4); n=122

PEEP, cmH2O 10·2 (4·1) 10·0 (3·1)

Peak inspiratory pressure, 
cmH2O

25·1 (5·7); 
n=127

24·5 (5·2); 
n=122

(Table 1 continues in next column)

Heparin group 
(n=128)

Placebo group 
(n=124)

(Continued from previous column)

Acute lung injury assessments 

ARDS¶ 

At risk 62 (49%); n=127 71 (57%) 

Present 65 (51%); n=127 53 (43%)

ARDS severity

Mild 19 (15%); n=127 16 (13%)

Moderate 40 (31%); n=127 30 (24%)

Severe 6 (5%); n=127 7 (6%)

Murray Lung Injury Score||

Irrespective of ARDS status 2·29 (0·64);  
n=127

2·19 (0·58)

If at risk of ARDS 1·91 (0·57); 
n=62

1·95 (0·53); 
n=71

If ARDS present 2·63 (0·49); 
n=65

2·50 (0·50); 
n=53

Data are n (%) and mean (SD). The number of patients available for specific 
variables is stated in each cell if different from the total number of patients in the 
treatment group. APACHE=acute physiology age and chronic health evaluation. 
ARDS=acute respiratory distress syndrome. COPD=chronic obstructive 
pulmonary disease. PaO2/FiO2=arterial partial pressure of oxygen to fraction of 
inspired oxygen. PEEP=positive end-expiratory pressure. pbw=predicted body 
weight. *Documented history of bronchiectasis, pulmonary fibrosis, pulmonary 
sarcoidosis, other or unspecified obstructive or restrictive lung disease, recurrent 
or chronic lung infection, pneumonitis, alveolitis, lung cancer, or lung tissue 
resection. †Risk factors in the 7 days before randomisation. Patients could have 
multiple risk factors. ‡Scores on the APACHE II range from 0 to 71, with higher 
scores indicating more severe disease. §Eight patients in each group had PaO2/
FiO2 ≥300. ¶Could neither confirm nor exclude ARDS in one participant with 
missing arterial blood gas data. ||Murray Lung Injury Scores range from 0 to 4, 
with higher scores indicating more severe injury. 

Table 1: Baseline patient characteristics 
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target sample size of 256.40,41 Analyses followed the 
intention-to-treat principle, considering all patients in 
the treatment group to which they were assigned, 
except for cases lost to follow-up or withdrawn. There 
was no imputation of missing data. The student t test 
assessed continuous outcomes, including the primary 
outcome. Development of ARDS to day 5, and 
ventilator and ICU separations to day 28, were 
assessed using the Fine-Gray methodology to account 
for the competing risk of death. Data for ARDS 
development are presented using cumulative 
incidence curves. Data for ventilator and ICU 
separations are presented using Kaplan-Meier curves 
with deceased patients treated as though ventilated in 
the ICU at the end of day 28.42,43 Hazard ratio (95% CI), 
calculated by Cox regression, was used to assess day 180 
survival and data are presented using Kaplan-Meier 
curves. Binary outcomes were compared using odds 
ratio (95% CI), assessed by logistic regression, except 

where the event rate in a group was 0 when exact 
logistic regression was used, and data are presented as 
the number out of the total-number-non-missing and 
percentage. Heterogeneity of treatment effect was 
assessed across ten baseline subgroups on the primary 
outcome and on ventilator separation to day 28, with 
20 subgroup analyses in total (appendix p 7). All 
reported p values are two-sided, and a value less than 
0·05 is taken to indicate statistical significance. 
Because of the potential for type 1 error due to multiple 
comparisons without adjustment, analyses of 
secondary endpoints should be interpreted as 
exploratory. We used Stata, version 15.1 (StataCorp, 
College Station, TX, USA).

An independent data safety monitoring board (DSMB) 
provided oversight (appendix p 7). The trial was 
registered prior to commencement on the Australian 
and New Zealand Clinical Trials Register, number 
12612000418875.

Heparin group 
(n=128)

Placebo group 
(n=124)

Difference estimate 
(95% CI)

p value

Study medication*

Time from intubation to randomisation, h 17·2 (8·7) 17·5 (8·9) HR 1·04 (0·81 to 1·33) 0·77

Time from randomisation to first dose, h 1·5 (2·0) 1·3 (2·5) HR 0·84 (0·66 to 1·08) 0·18

Total cumulative dose, mL† 88 (56) 96 (64) MD –8 (–23 to 7) 0·27

Treatment duration, days 4·4 (2·8) 4·8 (3·2) MD –0·4 (–1·2 to 0·3) 0·27

Percentage volume of total scheduled dose‡ 94·7 (17·1) 98·1 (18·1) MD –3·4 (–7·7 to 1·0) 0·13

Withheld; sputum too bloody§ 8 (6%) 2 (2%) OR 4·07 (0·85 to 19·54) 0·08

Withheld; APTT too prolonged§ 6 (5%) 0 OR 8·20 (1·17 to undefined) 0·0324

Intravenous and subcutaneous heparin

Unfractionated heparin

Any 59 (46%) 63 (51%) OR 0·83 (0·50 to 1·36) 0·45

Prophylactic¶ 44 (35%); n=125 57 (46%) OR 0·64 (0·38 to 1·06) 0·08

Therapeutic¶ 12 (10%); n=125 6 (5%) OR 2·09 (0·76 to 5·75) 0·15

Low molecular weight heparin

Any 91 (73%); n=125 87 (70%) OR 1·14 (0·66 to 1·97) 0·65

Prophylactic¶ 68 (54%); n=125 68 (55%) OR 0·98 (0·60 to 1·62) 0·95

Therapeutic¶ 23 (18%); n=125 19 (15%) OR 1·25 (0·64 to 2·43) 0·52

Unfractionated or low molecular weight heparin, or both

Therapeutic¶ 31 (25%); n=125 22 (18%) OR 1·53 (0·83 to 2·83) 0·18

APTT peak, s

APTT peak 52 (31); n=125 44 (20); n=122 MD 7 (1 to 14) 0·0260

If intravenous and subcutaneous unfractionated heparin—Any 69 (38); n=56 51 (25); n=62 MD 18 (6 to 30) 0·0037

If intravenous and subcutaneous unfractionated heparin—Prophylactic¶ 60 (34); n=44 50 (26); n=56 MD 10 (–3 to 22) 0·13

If intravenous and subcutaneous unfractionated heparin—Therapeutic¶ 97 (77 to 148); n=12 59 (42 to 74); n=6 MedD 38 (–17 to 93) 0·16

If intravenous and subcutaneous unfractionated heparin—None|| 37 (9); n=69 37 (9); n=60 MD 0 (–3 to 3) 0·81

Data are n (%), mean (SD), and median (IQR). The number of patients available for specific variables is stated in each cell if different from the total number of patients in the 
treatment group. APTT=activated partial thromboplastin time. HR=hazard ratio. MD=mean difference. MedD=median difference. OR=odds ratio. *Three patients, each in the 
heparin group, were transferred to a non-participating hospital intensive care unit on day 1, precluding further administration of the study drug; study medication usage is 
reported up to the time of transfer. †Calculated by the total cumulative volume administered divided by the expected volume every 24 h (20 mL). ‡Calculated by the volume of 
drug administered per hour of invasive ventilation divided by the expected volume. Dosing was intermittent (5 mL, every 6 h; expected mean 0·833 mL/hour) and commenced 
immediately making it is possible to receive more than 100% of the expected dose. §Withheld on at least one occasion. ¶Prophylactic unfractionated heparin if mean daily IV 
and SC dose ≤15 000 IU. Therapeutic unfractionated heparin if mean daily IV and SC dose >15 000 IU. Prophylactic LMWH if mean daily IV and SC dose ≤40 mg. Therapeutic low 
molecular weight heparin if mean daily intravenous and subcutaneous dose >40 mg. ||All but three patients were administered low molecular weight heparin.

Table 2: Study medication, intravenous and subcutaneous heparin, and APTT to day 10 
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Role of the funding source
The funders of the study, the drug supplier, and the 
equipment manufacturers and suppliers, had no role in 
the study design, data collection, data analysis, data 
interpretation, or writing of the report. The corresponding 
author had full access to all of the data in the study and 
had final responsibility for the decision to submit for 
publication.

Results
Screening was done from Sept 4, 2012, to Aug 23, 2018. 
Of 2036 patients who met the inclusion criteria, 
256 (13%) were randomly assigned (n=131 to the heparin 
group; n=125 to the placebo group; figure 1; appendix p 9). 
We excluded two patients who revoked consent and 
one participant who was ineligible (due to thrombo-
cytopaenia they did not receive study intervention). Data 
were therefore analysed for 252 patients (n=128 in the 
heparin group; n=124 in the placebo group). Four patients 
in the heparin group were transferred to a non-
participating hospital ICU before day 28 (n=3 on day 1, 
preventing further study drug administration, and n=1 
on day 18). Their health records at the receiving hospitals 
were examined to ascertain major outcomes. The DSMB 
met as scheduled after the 50th, 100th, and 200th 
enrolment, and reviewed the serious adverse events and 
reactions in each group while remaining masked to group 
allocation—they recommended the trial continue.

Baseline characteristics were similar in the two groups 
and the mean age of participants was 58 years (SD 15)  
(table 1; appendix p 10). Pneumonia was a risk for ARDS 
for at least 68% of each group and pulmonary aspiration 
for at least 13%. ARDS was present in 65 (51%) of 127 in 
the heparin group and 53 (43%) of 124 in the placebo 
group.

The heparin and placebo groups had similar time from 
intubation to randomisation (mean 17·2 h [SD 8·7] vs 
17·5 h [8·9]). Participants in the heparin group received 
95% of the total scheduled dose and participants in the 

placebo group received 98% (table 2). 38 (30%) of 128 
participants in the heparin group and 26 (21%) of 124 in 
the placebo group had at least one dose of study medication 
withheld for any reason (appendix p 11). More patients in 
the heparin group than the placebo group had the study 
medication withheld because clinicians concluded the 
APTT was too prolonged (six [5%] of 128 patients vs 0 of 
124; p=0·0324; table 2; appendix p 11).

Intravenous or subcutaneous unfractionated heparin 
or low molecular weight heparin was administered to 
all but three patients, and at least 18% of patients in 
each group received these at therapeutic doses (table 2). 
Among patients exposed to intravenous or 
subcutaneous unfractionated heparin, the mean peak 
APTT was higher in the heparin group than the placebo 
group (69 [SD 38] vs 51 [25] s; mean difference 18 
[95% CI 6 to 30]; p=0·0037). In other patients (ie, in 
those who did not receive intravenous or subcutaneous 
unfractionated heparin) it was similar (37 vs 37 s; mean 
difference 0 [–3 to 3]; p=0·81; table 2; appendix p 12). 
There were no significant differences in fluid balance 
and use of antimicrobials, sedatives, and corticosteroids 
(appendix p 13).

The primary outcome, SF-36 Physical Function Score 
at day 60, was not significantly different between the 
heparin group (n=97) compared with the placebo group 
(n=94; mean 53·6 [SD 31·6] vs 48·7 [35·7]; difference 4·9 
[95% CI –4·8 to 14·5; p=0·32; figure 2; table 3). Excluding 
deceased patients, loss to follow-up meant the outcome 
could not be assessed in eight (8%) of 105 patients in the 
heparin group and 12 (11%) of 106 patients in the placebo 
group (figure 1; appendix p 19). Post-hoc analysis found 
a lower proportion of patients in the heparin group than 
in the placebo group had very poor physical function 
at day 60, based on a SF-36 Physical Function Score of 
less than 20 (16 [16%] of 97 patients vs 29 [31%] of 
94 patients; odds ratio [OR] 0·44 [95% CI 0·22 to 0·88]; 
p=0·0210; figure 2).

New ARDS developed by day 5 in nine (15%) of 
62 patients in the heparin and 21 (30%) of 71 patients in 
the placebo group (hazard ratio [HR] 0·46 [95% CI 
0·22 to 0·98]; p=0·0431; figure 3). Of the 30 at-risk 
patients who developed ARDS, 25 developed bilateral 
changes on chest imaging after enrolment. Two patients 
in each group had bilateral changes on chest imaging 
at baseline, but their PaO2/FiO2 did not satisfy ARDS 
criteria until after enrolment, and one patient in the 
heparin group did not meet either chest imaging or 
PaO2/FiO2 criteria until after enrolment.

Deterioration in mean MLIS to day 5 was also reduced 
in the heparin group compared with the placebo group 
(–0·05 [SD 0·49] vs 0·09 [0·48]; mean difference –0·14 
[95% CI –0·26 to –0·02]; p=0·0215; table 3). In post-hoc 
analysis, this lessening of deterioration in the MLIS was 
evident, although not statistically significant, in the 
point estimates of patients with ARDS at baseline (mean 
difference –0·16 [–0·33 to 0·01]; p=0·07) as well as in 

Figure 2: Scatter and violin density plots of the SF-36 of survivors at day 60
Mean (black dotted lines), and median (IQR) (black solid lines) are shown. 
SF-36=Short Form-36 Health Survey Physical Function Score. 
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those at risk of ARDS (mean difference –0·10 
[–0·28 to 0·07]; p=0·23; appendix p 14). Point estimates 
of the mean change from baseline MLIS on 
each day to day 5 favoured the heparin group (figure 4), 
and point estimates of the mean change from baseline 
for each component of the MLIS on each day to day 5 
also favoured the heparin group (appendix p 15).

The groups had similar requirements for new 
respiratory rescue therapies. Fewer patients in the 
heparin group than the placebo group received a 
tracheotomy, although this difference was not significant 
(table 3). There were six more deaths in the heparin 

group than the placebo group by day 28 (table 3). When 
those deceased by day 28 were deemed not to have 
achieved ventilator separation or ICU separation, the 
groups had similar time to ventilator separation to day 28 
and similar time to ICU separation to day 28 (table 3; 
appendix pp 16–17).

For the 106 survivors in the heparin group and the 107 
in the placebo group to day 28, mean days to ventilator 
separation were 6·0 (SD 5·5) and 7·5 (7·8), respectively, 
and mean days to ICU separation were 8·5 (6·0) and 
10·2 (8·1), respectively (table 3; appendix pp 16–17). 
Among those discharged alive from the ICU before day 28, 

Heparin group (n=128) Placebo group (n=124) Effect estimate (95% CI) p value

Primary outcome

SF-36 physical function score of survivors at day 60* 53·6 (31·6); n=97 48·7 (35·7); n=94 MD 4·9 (–4·8 to 14·5) 0·32 

Secondary outcomes

Day 5

Developed new ARDS† 9 (15%); n=62 21 (30%); n=71 HR 0·46 (0·22 to 0·98) 0·0431

Deterioration in Murray Lung Injury Score‡ –0·05 (0·49); n=124 0·09 (0·48); n=123 MD –0·14 (–0·26 to –0·02) 0·0215

Day 28 

New respiratory therapies 

Neuromuscular blocker 16 (24%); n=67 18 (29%); n=63 OR 0·78 (0·36 to 1·72) 0·54

Recruitment manoeuvre 14 (12%); n=115 10 (9%); n=114 OR 1·44 (0·61 to 3·39) 0·40

Nitric oxide or nebulised prostacyclin 7 (6%); n=117 10 (9%); n=114 OR 0·66 (0·24 to 1·80) 0·42

Prone positioning 3 (2%); n=127 3 (2%); n=122 OR 0·96 (0·19 to 4·85) 0·96

ECMO 0 1 (1%) OR 0·97 (0 to 37·78) 0·98

Tracheotomy 13 (10%) 22 (18%) OR 0·52 (0·25 to 1·09) 0·09

Time to ventilator separation, days§ 9·9 (9·8) 10·2 (10·1); n=123 HR 1·01 (0·77 to 1·33) 0·92

Time to ventilator separation of survivors, days 6·0 (5·5); n=106 7·5 (7·8); n=107 HR 1·23 (0·93 to 1·62) 0·14

Time to ICU separation, days§ 11·9 (9·3) 12·6 (9·7); n=123 HR 1·08 (0·82 to 1·42) 0·59

Time to ICU separation of survivors, days 8·5 (6·0); n=106 10·2 (8·1); n=107 HR 1·31 (0·99 to 1·74) 0·06

ICU readmission¶ 1 (1%); n=103 9 (9%); n=101 OR 0·10 (0·01 to 0·81) 0·0306

Deceased 22 (17%) 16 (13%); n=123 OR 1·39 (0·69 to 2·79) 0·36

Day 60

Survivors residing at home 86 (87%); n=99 73 (73%); n=100 OR 2·45 (1·18 to 5·08) 0·0165

Place of residence

Home 86 (70%); n=122 73 (62%); n=118 OR 1·47 (0·86 to 2·52) 0·16

Rehabilitation 4 (3%); n=122 11 (9%); n=118 OR 0·33 (0·10 to 1·07) 0·06

Hospital ward 9 (7%); n=122 11 (9%); n=118 OR 0·77 (0·31 to 1·94) 0·59

ICU or long-term ventilation 0; n=122 5 (4%); n=118 OR 0·14 (0 to 1·04) 0·06

Deceased 23 (18%); n=127 18 (15%); n=123 OR 1·29 (0·66 to 2·53) 0·46

Day 180 

Survivors residing at home 89 (94%); n=95 87 (93%); n=94 OR 1·19 (0·39 to 3·69) 0·76

Deceased 28 (22%); n=126 24 (20%); n=120 HR 1·15 (0·67 to 1·99) 0·61

Data are n (%) and mean (SD). The number of patients available for specific variables is stated in each cell if different from the total number of patients in the treatment 
group. ARDS=acute respiratory distress syndrome. ECMO=extra-corporeal membrane oxygenation. HR=hazard ratio. ICU =intensive care unit. MD=mean difference. OR=odds 
ratio. SF-36=Short Form-36 Health Survey. *Scores on SF-36 Health Survey Physical Function range from 0 to 100, with higher scores indicating better function. †Assessed in 
those ARDS-free at randomisation. ARDS development was unknown in one patient in the heparin group, who died on day 1 before ARDS assessment. There were two deaths 
in the heparin group and one in the placebo group by day 5. Analysed using a competing-risk approach. ‡Calculated by subtracting the baseline score from the highest of the 
scores measured daily on days 1 to 5 while mechanically ventilated. Missing data is for one in each group where ventilator separation occurred by day 1, and for three in the 
heparin group transferred to another ICU on day 1. Calculated without adjustment for death for the six patients in each group who were deceased by day 5. §Non-survivors to 
day 28 were deemed to have never had separation from either the ventilator or the ICU. There were 22 deaths in the heparin group and 16 in the placebo group. Analysed 
using a competing-risk approach. ¶Assessed in those discharged alive from ICU prior to day 28.

Table 3: Efficacy outcomes by treatment group
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significantly fewer patients in the heparin group than in 
the placebo group were readmitted to the ICU by day 28 
(table 3). Other outcomes at day 28 and at hospital 
discharge were similar (appendix p 18).

The heparin and placebo groups had similar day 60 
mortality, but more survivors at day 60 were at home in 
the heparin group than the placebo group (table 3). The 
groups did not differ significantly in their EQ-5D-3L 
domains at day 60 (appendix p 20). With respect to the 
day 180 EQ-5D-3L anxiety or depression domain, the 
groups were different and there was a higher frequency 

of extreme problems in the heparin group, but there 
were no significant differences between the groups in 
the other EQ-5D-3L domains at day 180 (appendix p 21). 
The groups had similar survival and other outcomes 
at day 180 (table 3; appendix pp 21–22).

The total number of patients for whom a serious 
adverse event was recorded was similar in each group 
(seven [5%] of 128 patients in the heparin group vs 
three [2%] of 124 patients in the placebo group; OR 2·33 
[95% CI 0·59–9·24]; p=0·23; table 4). The serious adverse 
events were: three patients in the heparin group, with 
severe pre-existing bronchospasm, had a transient 
increase in airway pressure during nebulisation, and after 
the second case a safety alert was disseminated to 
investigators; there were two instances of major non-
pulmonary bleeding in each group; in the heparin group, 
one patient had haemoptysis and one had tracheotomy 
site bleeding; and in the placebo group, one patient had 
hypoxaemia during nebulisation. Two patients in each 
group had heparin antibody testing and clinical evaluation 
of possible heparin-induced thrombocytopaenia; there 
were no confirmed cases. There were no cases of impaired 
function of the mechanical ventilator with clinical 
deterioration. Red cell transfusion and transfusion 
volume were similar in the groups (table 4), and changes 
in haemoglobin and platelet count were also similar in 
the groups (appendix p 13).

We did not find obvious heterogeneity of treatment 
effect across any subgroup for the primary outcome 
(appendix p 23), but a potential treatment interaction was 
observed for the secondary outcome of ventilator 
separation to day 28 in a subgroup defined by the median 
baseline MLIS, with a relative advantage for the effect of 
heparin among patients with a MLIS of 2·25 or higher 
(p=0·0439 for interaction; appendix p 24).

Discussion
To our knowledge, this is the first multicentre trial to test 
the efficacy of nebulised heparin for reducing lung injury 
and thereby improving the physical function recovery of 
mechanically ventilated, critically ill patients with or at 
risk of ARDS. The intervention was given in addition to 
usual care, which included administration of intravenous 
and subcutaneous heparin, and was well tolerated. The 
SF-36 Physical Function Score of survivors at day 60, the 
primary endpoint, did not improve more in the heparin 
than the placebo group. Conversely, analyses of other 
outcomes showed that the heparin group had fewer cases 
of ARDS developing among at-risk patients, less 
deterioration in the MLIS, and faster recovery, with more 
survivors residing at home at day 60, than the placebo 
group, all of which were consistent with mitigation of 
lung injury. However, these results were not corrected for 
multiple comparisons and should be regarded as 
exploratory.

Although the study groups had similar time to 
ventilator separation and similar time to ICU separation, 

Figure 3: Development of ARDS by treatment group
Cumulative incidence curves for the development of ARDS by day 5. Of the 62 
patients at risk of ARDS in the heparin group, two died before developing ARDS 
and nine developed ARDS compared with 71 patients at risk of ARDS in the 
placebo group, of whom one died before developing ARDS and 21 developed 
ARDS. ARDS=acute respiratory distress syndrome. 

Figure 4: Change from baseline Murray Lung Injury Score of mechanically 
ventilated patients
Error bars indicate lower boundary of SE. At baseline, there were 128 patients in 
the heparin group and 124 patients in the placebo group; loss of data is due to 
death (n=6 in each group by day 5), transfer to another intensive care unit (n=3 in 
the heparin group after day 1), and separation from mechanical ventilation (n=61 
in the heparin group; n=57 in the placebo group by day 5).
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when the components of these composite outcomes were 
examined separately, a small numerical increase in 
mortality was identified in the heparin group while, 
among the survivors, the point estimates for time to 
ventilator separation and time to ICU separation 
favoured the heparin group by 1·5 days for time to 
ventilator separation and by 1·7 days for time to ICU 
separation, when compared with the placebo group. The 
tracheotomy rate was also numerically lower in the 
heparin group than the placebo group (10% vs 18%), and 
although the number of patients readmitted to the ICU 
was small, significantly fewer patients in the heparin 
group were readmitted to the ICU compared with the 
placebo group.

We had hypothesised that nebulised heparin would 
attenuate progression of lung injury and thereby improve 
physical function at day 60. We observed a non-significant 
4·9-point increase in the mean SF-36 Physical Function 
Score of survivors—less than the hypothesised 10-point 
increase—indicating that average function across a broad 
range of physical activities was not improved. However, 
post-hoc analysis found that significantly fewer patients 
in the heparin group than the placebo group had a very 
low SF-36 Physical Function Score (<20). Patients with 
very poor physical function are more likely to require 
prolonged hospitalisation and transfer to a post-care 
facility.35,44,45 That more survivors in the heparin group 
were found to be residing at home at day 60 than the 
placebo group, accords with fewer in the heparin group 
recording a very low SF-36 Physical Function Score.46

We found evidence that the benefit of treatment with 
nebulised heparin might be greater for those with more 
severe lung injury at baseline. Compared with the placebo 
group, in the heparin group mitigation of deterioration in 
the MLIS was evident in the point estimates of patients 
with baseline ARDS and among those who were at risk of 
ARDS, but the mitigation of deterioration was greater in 
those with baseline ARDS. Also, there was heterogeneity 

of treatment effect on the rate of separation from the 
ventilator, with a relative advantage in the heparin group 
for patients with a baseline MLIS of 2·25 or more. The 
study enrolled, according to the inclusion criteria, a 
relatively hetero genous group of patients. The MLIS at 
baseline ranged from 0·25 to 3·50. A future study should 
consider a more homogenous group based on the severity 
of lung injury when establishing eligibility criteria and 
when estimating the potential treatment effect.

Our results are consistent with those of a phase 2 study 
that used a similar methodology and showed reduced 
progression of the MLIS (unpublished), numerically 
fewer cases of new ARDS, and more ventilator-
free days.23,26 Our results are also consistent with a small, 
double-blind study47 of intubated patients with acute 
exacerbation of chronic obstructive pulmonary disease 
that reported significantly more ventilator-free days with 
nebulised heparin, and a case-control study48 of patients 
with inhalation injury that too reported an increase in 
ventilator-free days with nebulised heparin. A study of 
nebulised heparin49 for ventilator-associated pneumonia 
did not find an improvement in clinical outcomes, but 
the heparin dose was 20% of the dose used in this study, 
and the nebulisation methodology was not standardised.

The most likely mechanism by which heparin limits 
inflammation-induced lung injury is through moderation 
of pulmonary fibrin deposition, leading to a reduction 
of hyaline membrane formation in the alveoli, and 
a reduction of thrombosis in the pulmonary micro-
vasculature. The hyaline membrane acts as a physical 
barrier that restricts the diffusion of gases and contributes 
to alveolar collapse by impairing surfactant. Histological 
studies in ARDS showed that the extent of pulmonary 
microvascular thrombosis correlated with the severity of 
acute lung injury.18,20 Microvascular thrombosis increases 
lung dead space, and the increase in the dead space has 
been shown to be an independent marker of mortality in 
ARDS.50 Microvascular thrombosis has also been found 

Heparin group (n=128) Placebo group (n=124) Effect estimate (95% CI) p

Red cell transfusion* 32 (26%); n=125 31 (25%) OR 1·03 (0·58 to 1·83) 0·91

Red cell transfusion volume, mL* 898 (783); n=32 733 (576); n=31 MD 165 (–181 to 511) 0·34

Serious adverse event

Any type 7 (5%) 3 (2%) OR 2·33 (0·59 to 9·24) 0·23

Major non-pulmonary bleeding 2 (2%) 2 (2%) OR 0·97 (0·13 to 6·98) 0·97

Transient increased airway pressure during nebulisation 3 (2%) 0 OR 3·77 (0·40 to undefined) 0·26

Haemoptysis 1 (1%) 0 OR 0·97 (0·02 to undefined) 1·00

Tracheotomy site bleeding 1 (1%) 0 OR 0·97 (0·02 to undefined) 1·00

Hypoxaemia during nebulisation 0 1 (1%) OR 0·97 (0 to 37·78) 0·98

Heparin-induced thrombocytopaenia† 0 0 ·· ··

Ventilator or circuit dysfunction with clinical deterioration 0 0 ·· ··

Data are n (%) and mean (SD). The number of patients available for specific variables is stated in each cell if different from the total number of patients in the treatment 
group. MD=mean difference. OR=odds ratio. *Packed red cells and whole blood. Assessed to day 10. †Two patients in each group underwent heparin antibody testing and 
clinical evaluation of possible heparin-induced thrombocytopaenia. There were no confirmed cases.

Table 4: Safety outcomes by treatment group
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to cause increased pulmonary vascular resistance, which 
might result in right heart failure.51 A trial of 
dexamethasone13 in patients with ARDS showed both a 
survival benefit and reduction in ventilator duration. 
Dexamethasone has been shown to reduce sepsis-
induced coagulation activation in the lungs, among other 
anti-inflammatory actions.52 The effect of heparin in 
limiting progression to ARDS observed in this study was 
predominantly due to fewer patients developing bilateral 
pulmonary infiltrates, suggesting heparin might also 
limit progression of pulmonary oedema.53 Of particular 
current interest, the spike protein of SARS-CoV-2 and 
other associated coronaviruses have been shown to bind 
to heparan sulphate receptors expressed by respiratory 
epithelial cells, leading to cellular invasion. Heparin also 
binds to the spike protein of SARS-CoV-2, preventing 
cellular adhesion and invasion.54 In addition, post-
mortem studies and lung biopsies of patients with SARS-
CoV-2 infection and ARDS have shown hyaline 
membranes in the alveolar spaces and extensive 
pulmonary microvascular thrombi, suggesting a 
potential role for nebulised heparin in the treatment of 
COVID-19 pneumonia, which is currently under clinical 
investigation.28,29,55–58

Nebulised heparin moderately increased the peak 
APTT of patients concomitantly administered intra-
venous or subcutaneous unfractionated heparin but had 
no effect on the peak APTT of other patients, almost 
all of whom received intravenous or subcutaneous 
low molecular weight heparin. Three patients, each with 
severe pre-existing bronchospasm and assigned heparin, 
experienced an increase in airway pressure during 
nebulisation. In all cases the study drug was reintroduced 
without event and without unmasking. We postulate 
that heparin might have transiently increased airflow 
resistance by accumulating on the luminal surface of the 
terminal bronchioles. The principal safety concern at 
the outset of the study was bleeding. Reassuringly, 
there was only a single case of haemoptysis. This case, 
which occurred in the heparin group, was perceived by 
the site investigator to be medically important but was 
not associated with clinical deterioration. The groups 
had similar blood transfusion requirements and there 
was no difference in the number of reports of major 
non-pulmonary bleeding.

Strengths of the CHARLI study include the double-
blind design and the preliminary trials undertaken to 
establish the dose and nebulisation method.21,23,27 There 
are also limitations. Most importantly, several outcomes, 
including the primary outcome, were assessed only in 
survivors. Because survival is a post-randomisation 
event, and because there is some evidence that the timing 
and rate of death was differential (not different) between 
study groups, outcomes assessed only in survivors 
should not be regarded as randomised comparisons and 
might be subject to bias. Another limitation related to the 
primary outcome is loss to follow-up, which was just 

under 10%. We cannot exclude the possibility that the 
non-respondents of each group are systematically 
different to the respondents, with outcomes that are 
better or worse, but any differences would have to be 
large to have an effect on the result. Another potential 
limitation is that randomisation was not stratified by 
ARDS status and this might have given rise to imbalance 
in the baseline characteristics of the patients at risk of 
ARDS. But patients at risk of ARDS in each group had a 
similar baseline MLIS, which is a predictor of ARDS, and 
the proportion of patients that developed ARDS was 
30% in the placebo group, consistent with expectations 
for a high-risk population.1,59–61 A further potential 
limitation is that the lead site recruited 45% of patients 
and this might affect the generalisability of findings. 
Randomisation was stratified by site and this should 
reduce the risk of differences due to between-centre 
variation in ventilation and extubation practices. There 
was a 17-h period from intubation to randomisation, 
consistent with the inclusion criteria, and the delays 
inherent to a clinical trial where patients must be 
screened and consent obtained. It seems plausible that 
earlier administration, which would be feasible in clinical 
practice, might arrest the development of inflammation-
induced injury sooner and lead to better patient 
outcomes, but subgroup analyses did not show evidence 
of an interaction between the study treatment and the 
duration of pre-randomisation invasive ventilation for 
either the primary outcome or the rate of ventilator 
separation (appendix pp 23–24). The results of secondary 
analyses should be interpreted cautiously as there were 
many secondary analyses, and these were performed 
without correction for multiple comparisons, increasing 
the possibility that observed differences are due to 
chance. Finally, although the statistical analysis plan was 
agreed upon before the database lock, its publication in 
advance would have provided greater transparency.

In conclusion, the CHARLI study found that nebulised 
heparin therapy, compared with placebo, in invasively 
ventilated intensive care patients with impaired oxygen-
ation and the expectation of invasive ventilation beyond 
the next calendar day, did not improve the SF-36 Physical 
Function of survivors at day 60. Nebulised heparin was 
well tolerated and secondary outcomes were consistent 
with attenuation of lung injury, including fewer cases of 
ARDS among the at-risk patients, less deterioration in 
the MLIS, and faster recovery, with more survivors 
residing at home at day 60. Further research is justified to 
establish whether nebulised heparin accelerates recovery 
in patients with or at risk of ARDS.
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