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Efficacy of inhaled nebulised unfractionated heparin to
prevent intubation or death in hospitalised patients with
COVID-19: an investigator-initiated international meta-trial
of randomised clinical studies
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Summary

Background Inhaled nebulised unfractionated heparin (UFH) has a strong rationale as a treatment for severe res-
piratory infections, including COVID-19, due to its antiviral, anti-inflammatory, and anti-coagulant properties,
which may prevent viral entry, lung injury progression, and pulmonary thrombosis. We aimed to evaluate the
efficacy of inhaled nebulised UFH to prevent intubation or death in hospitalised COVID-19 patients.

Methods In this prospective, a priori set up and defined, collaborative meta-trial of six randomised clinical studies,
adult hospitalised but not intubated COVID-19 patients were randomly assigned to inhaled nebulised UFH on top of
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standard of care or standard of care alone. The dose and method of nebulisation was specific to each study. The
primary outcome was intubation or death, assessed at the longest follow-up after randomisation. The meta-trial
was registered at ClinicalTrials.gov ID NCT04635241.

Findings Between June 2020 and December 2022, 478 patients from 10 hospitals in six countries (Argentina, Brazil,
Egypt, Indonesia, Ireland and USA) were enrolled. The odds ratio (OR) for intubation or death was 0.43 (0.26-0.73,
p = 0.001); the OR for in-hospital mortality was 0.26 (0.13-0.54, p < 0.001) with inhaled nebulised UFH compared to
standard of care alone. There were no safety issues reported, including no instances of pulmonary or systemic
bleeding in the nebulised UFH group.

Interpretation In patients hospitalised but not intubated for COVID-19, inhaled nebulised UFH prevented
intubation and reduced mortality, without causing pulmonary or systemic bleeding.

Funding The Sponsor of the meta-trial was the INHALE-HEP Collaborative Research Group (CRG); investigators of
each contributing study were members of the INHALE-HEP CRG. No funding was received for the meta-trial. The
Brazilian study was funded by The J.R. Moulton Charity Trust. The Irish study was funded by a Grant from Science
Foundation Ireland to Ciram, the SFI's Centre for Research in Medical Devices (Research Centre Award Reference:
13/RC/2073).

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Research in context

Evidence before this study

Inhaled nebulised unfractionated heparin (UFH) has been
shown to improve outcomes and has been shown to be safe
in experimental and clinical studies of acute lung injury and
ARDS. UFH has antiviral properties against SARS-CoV-2 and
other respiratory viruses, as well as anti-inflammatory and
anticoagulant effects. Inhaled nebulised UFH has been shown
to improve oxygenation parameters in an uncontrolled study
of hospitalised COVID-19 patients. Whether these
improvements translate into a reduced need for intubation
or reduced mortality of hospitalised COVID-19 patients
remains unknown.

We searched MEDLINE, EMBASE, and PubMed, Web of
Science, Scopus, medRxiv, bioRxiv, and ClinicalTrials.gov for
completed randomised clinical studies published to June
2020, published in any language, evaluating the effect of
inhaled nebulised UFH to treat hospitalised non-intubated
patients with COVID-19. The keywords (“heparin” OR "hep*")
AND (“COVID-19” OR “SARS” OR “coronavirus”) AND
("awake” OR “non-intubated” OR “conscious”) were used to
search the databases. We did not identify any completed

Introduction

In December 2019, a novel coronavirus (severe acute
respiratory syndrome coronavirus 2, SARS-CoV-2)
emerged in China and has since spread globally. Dur-
ing the first pandemic wave, nearly 20% of patients with
coronavirus disease 2019 (COVID-19) experienced

published randomised clinical studies of inhaled nebulised
UFH in hospitalised COVID-19 patients.

Added value of this study

This prospective meta-trial of six randomised clinical studies
in low-, middle-, and high-income countries, shows that
inhaled nebulised UFH significantly reduces the rate of
intubation and mortality in hospitalised non-intubated
COVID-19 patients.

We also showed that inhaled nebulised UFH is safe, with no
pulmonary or systemic bleeding complications, and no
clinically relevant effect on systemic coagulation parameters.

Implications of all the available evidence

The positive results from this study hold significant
implications for the future treatment of lung injury, not only
in the context of COVID-19 but also potentially for other
infectious and non-infectious causes. Robust clinical trials
evaluating inhaled nebulised UFH in hospitalised patients
with lung injury, particularly those resulting from viral and
bacterial respiratory infections, are now needed.

hypoxaemia, which was the primary reason for hospi-
talisation.! A significant proportion of patients admitted
to hospital for COVID-19 developed acute respiratory
failure, with 12-24% requiring intubation for invasive
mechanical ventilation.”* Subsequent waves of COVID-
19 involving different strains of SARS-CoV-2 and
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increased levels of herd immunity, were associated with
lower rates of hospitalisation, acute respiratory failure
and death, and although the mortality of intubated pa-
tients with COVID-19 did not improve over time, there
was an initial decline early in the pandemic from
extremely high rates, later stabilising at a still disap-
pointingly high level.””

The pathophysiology of COVID-19 associated lung
injury is characterised by diffuse alveolar damage,
hyperinflammation, coagulopathy, DNA neutrophil
extracellular traps (NETS), hyaline membranes and
microvascular thrombosis.'”"" Our group and others
have previously outlined the scientific rationale for the
investigation of inhaled nebulised UFH as a treatment
for COVID-19."#" Inhaled nebulised UFH has antiviral
and anti-inflammatory properties, as well as effects on
the pulmonary coagulation cascades. Previous preclin-
ical and clinical studies of inhaled nebulised UFH in
lung injury, have shown a positive effect on pulmonary
coagulation, inflammation, oxygenation and other lung
injury parameters.*

We conducted a prospective meta-trial, which
involved pooling of individual patient data from rand-
omised clinical studies initiated in seven different
countries, that compared inhaled nebulised UFH on
top of standard care with standard care alone in patients
hospitalised but not yet intubated for COVID-19. We
hypothesised that inhaled nebulised UFH prevents
intubation and reduces mortality.

Methods

Study design, setting and patients

Prospective meta-trial of investigator initiated rando-
mised clinical studies of inhaled nebulised UFH in
hospitalised patients with COVID-19 who did not
immediately require invasive mechanical ventilation.
The protocol for this meta-trial was previously pub-
lished and is available along with each individual trial
protocol in the appendix.”

We prospectively planned to combine multiple trials
that were not originally configured as a network of sites.
All respective study teams agreed for their study to be
included in the meta-trial, and data sharing agreements
that included a meta-trial governance document, were
executed before the data was shared. Individual studies
were eligible to be included in this meta-trial if they
were prospective randomised studies, with an inter-
vention arm (inhaled nebulised UFH) and a control
arm (standard care or placebo). Patients could be
included in the individual studies if they were 18 years
or older, admitted to hospital for COVID-19 with a
PCR-positive sample for SARS-CoV-2 within the past 21
days. Patients were excluded if they were receiving
invasive mechanical ventilation, or requiring immedi-
ate intubation as per the treating clinician’s assessment;
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had heparin allergy or heparin-induced thrombocyto-
penia; had APTT >120 s, not due to anticoagulant
therapy, or platelet count <20 x 109/L; had pulmonary
bleeding or uncontrolled bleeding; were pregnant or
might be pregnant; had acute brain injury that may
result in long-term disability, myopathy, spinal cord
injury, or nerve injury or disease with a likely prolonged
incapacity to breathe independently e.g., Guillain-Barre
syndrome; had treatment limitations in place, i.e., not
for intubation, not for ICU admission; or when death
was imminent or inevitable within 24 h.

We prospectively enrolled 7 studies into the meta-
trial from the following 7 countries: Argentina,
Australia, Brazil, Egypt, Indonesia, Ireland and USA.
The studies were conducted at the following 10 hospi-
tals: San Camilo Clinic, Buenos Aires (Argentina), Sao
Roque Hospital and Santa Casa de Sorocaba Hospital,
Sao Paulo (Brazil), 15th May Hospital, Cairo (Egypt),
RSUP Dr Cipto Mangunkusumo, Jakarta, RS Uni-
versitas Indonesia, Depok, and RSUD Dr Moewardi,
Surakarta (Indonesia), University Hospital Galway,
Galway, Connolly Memorial Hospital, Blanchardstown,
Dublin, and Beaumont Hospital, Dublin (Ireland),
Frederick Health Hospital, Baltimore (USA). The
Australian multicentre study failed to recruit any pa-
tients because of administrative delays in getting the
study up and running before the end of 2023 and is
therefore excluded from this meta-trial. Each individual
trial was approved by the relevant local ethics commit-
tees. The individual study protocols outlined the pro-
cess and requirements for obtaining patients’ consent
to participate in their study and as required by local
laws and regulations. The meta-trial was supervised by
an international steering committee.

Interventions

All contributing investigations were randomised clin-
ical studies. At randomisation each participant was
assigned to nebulised UFH on top of standard care or
standard care alone in a one-to-one allocation ratio. All
contributing studies were open label by design except
for the USA study, which was placebo controlled and
blinded.

Participants assigned to “nebulised UFH” received
nebulised UFH in addition to the standard care
required as determined by the treating team. The dose,
frequency, duration and delivery method differed be-
tween the protocols of participating studies as follows:

e Argentina: 5000 IU UFH every 8 h for 7 days using
a Venturi system connected to a full-face mask (Free
Breath) fitted with an HMF anti-viral expiratory
filter.

e Brazil and USA: 25,000 IU UFH in 5 ml every 6 h
using a vibrating mesh nebuliser, for a maximum of
21 days or until the WHO MOCS was 1 or 2.
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e Egypt: 1000 1U/kg predicted body weight UFH every
6 h for 7 days using a compressed air nebuliser
(Beurer TH18).

e Indonesia: 25,000 IU UFH every 8 h using a stan-
dard jet nebuliser, for a maximum of 21 days or
until symptoms resolved.

e Ireland: 25,000 IU UFH in 5 ml every 6 h using a
vibrating mesh nebuliser, for a maximum of 10
days.

Participants assigned to “control” received the stan-
dard care required as determined by the treating team
and did not receive nebulised heparin. The USA study
was placebo controlled, and participants assigned to
“control” received placebo (in addition to the standard
care), which was inhaled nebulised sodium chloride
0.9% (5 ml every 6 h).

Endpoints

The primary outcome for the meta-trial was intubation or
death (to include patients who died but were never intu-
bated) at 28 days after randomisation. Because of trial
heterogeneity, we decided to report intubation or death at
the longest follow up after randomisation. Secondary
outcomes were hospital mortality, 28-day mortality, and
progression or resolution of COVID-19 assessed by the
WHO modified ordinal clinical score at day 7 (MOCS,
Table 1). The WHO MOCS is based on the WHO Clinical
Progression Scale, which was designed to provide a
standardised common set of outcome parameters for
studies involving patients with COVID-19.”

Individual studies have included other primary and
secondary outcomes, as listed in the individual study
protocols (appendix).

Treatment with any of the following therapies which
patients received at any point in time while in the study,
was collected if available: systemic UFH or low molec-
ular weight heparin (LMWH); remdesivir; oseltamivir;

Modified Ordinal Clinical Scale
1. Not hospitalised

2. Hospitalised, not requiring supplemental oxygen and no longer
requiring medical care for COVID-19

3. Hospitalised not requiring supplemental oxygen but needing
medical care for COVID-19

4. Hospitalised requiring supplemental oxygen
5. Hospitalised requiring non-invasive ventilation or high flow oxygen

6. Hospitalised requiring intubation and mechanical ventilation or
ECMO

7. Death

COVID-19, Coronavirus Disease 2019; ECMO, Extracorporeal Membrane
Oxygenation.

Table 1: WHO modified ordinal clinical scale (MOCS) for COVID-19.

tocilizumab; antibiotics; antifungals; corticosteroid
therapy; convalescent plasma.

The safety outcomes included the number of pa-
tients with complications: major systemic bleeding,
pulmonary bleeding, heparin-induced thrombocyto-
penia (HIT), prolongation of aPTT, and any other
adverse events and reactions that were not part of the
expected clinical course and could be related to the
study and were medically significant or had serious
sequelae for the patient. Major systemic bleeding was
defined as bleeding that results in death and/or
bleeding that is symptomatic and occurs in a critical
area or organ (intracranial, intraspinal, intra-ocular,
retroperitoneal, intra-articular or intramuscular with
compartment syndrome) and/or bleeding that results in
a decrease in haemoglobin of 20 g/L or more, or results
in transfusion of 2 or more units of whole blood or red
cells. Pulmonary bleeding was defined as frank
bleeding in the lungs, trachea or bronchi with repeated
haemoptysis or requiring repeated suctioning and
associated with acute deterioration in respiratory status.

Statistical analysis

The term “meta-trial” refers to a prospective pooled
analysis of individual de-identified patient-level data
from multiple individual trials.'*'"” Due to the meta-trial
design, we used multilevel modelling (patients nested
in trials), with trial as a random effect, along with
testing the effect of other covariates as collected in the
common variable set. We performed a one-stage indi-
vidual patient data meta-analysis of the pooled data, as
well as a two-stage individual patient data meta-analysis
of study data. As an additional post-hoc sensitivity
analysis, we also assessed the primary outcome after
excluding data from the only randomised controlled
study (USA).

Continuous data is reported as median (quartile
25th—quartile 75th) and compared using Wilcoxon
rank-sum tests. Categorical data is reported using
number and percentages and compared using Fisher
exact test. Binary outcomes were compared between
groups using a mixed effect generalised linear model
with binomial distribution, including trials as random
effect and reported as an odds ratio and its 95% confi-
dence interval (CI). Continuous outcomes were
compared using a median regression, including trials
as cluster effect and reported as median difference and
its 95% CI. Time-to-event outcomes are reported in
Kaplan-Meier curves and compared using log-rank
tests. Difference in hospital length of stay was
assessed using Fine-Gray competing risk models with
death before discharge treated as a competing event and
including study as clustering.

Analyses were performed by intention-to-treat ac-
cording to the participants’ randomly allocated group,
regardless of treatment compliance. Missing data or data
that were not collected by individual studies, were not
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imputed. The multilevel models described in the analysis
can handle missing data due to loss to follow-up. Where
there were missing observations, the number of obser-
vations used was reported. Two-sided hypothesis testing
at a significance level of 0.05 were used. No adjustment
for multiple tests was made, with the interpretation of
the significance of the tests being appropriate for the
primary or secondary nature of the outcome. Analyses
were conducted using “R” version 4.3.3.

We calculated a sample size of 712 patients to
demonstrate a clinically important reduction in the
primary outcome, assuming a decrease in the propor-
tion of patients receiving invasive mechanical ventila-
tion from 12% to 6%, with power 80% and a two-sided
significance level of 0.05.

Ethics and registration
The Argentinian study protocol was approved by the
Independent Ethics Committee for Clinical Pharma-
cology Trials, Buenos Aires (ID N 3183). The Australian
protocol was approved by the Southeastern Sydney
Local Health District HREC (2021/ETH11368). The
Brazilian study protocol was approved by the Institute
of Biomedical Sciences (ICB) Ethics Committee, Sao
Paulo (ID 38660320.0.0000.5467). The Egyptian study
protocol was approved by the Ethics committee, Faculty
of  Medicine, Alexandria University (ID
2158_11456_4737). The Indonesian protocol was
approved by the Ethics Committee of the Faculty of
Medicine, University of Indonesia—Cipto Man-
gunkusumo  Hospital (KET- 115/UN2.F1/ETIK/
PPM.00.02/2022). The Irish study protocol was
approved by the National Research Ethics Committee
for COVID-19-related Health Research (20-NREC-COV-
104). The USA study protocol was approved by the
Frederick Health Institutional Review Board.
Contributing studies were registered individually as

follows: NCT04530578 (Argentina), NCT05184101
(Australia), ~ UTN  U1111-1263-3136  (Brazil),
PACTR202007606032743  (Egypt), EudraCT 2020-

003349-12 (Ireland), NCT04723563 (USA). The Indo-
nesian study was not independently registered. The
INHALE HEP meta-trial was registered on
ClinicalTrials.gov NCT04635241.

Role of the funding source

No funding was obtained for the meta-trial. The fun-
ders of the Brazilian and Irish studies had no role in
study design, data collection, data analysis, data inter-
pretation, or writing of the meta-trial report. The
Sponsor of the meta-trial was the INHALE-HEP
Collaborative Research Group (CRG), of which in-
vestigators of each contributing study were members.
The INHALE-HEP CRG’s executive committee was
responsible for the meta-trial’s study design; collection,
management, analysis, and interpretation of data;
writing and submitting the report for publication.

www.thelancet.com Vol 88 October, 2025

Investigators from individual trials retained ownership
of their study data. A data sharing agreement between
investigators facilitated and governed the collecting and
analysing of de-identified individual patient data from
individual studies and set out eligibility for authorship.

Results

Patients

Between June 2020 and December 2022, 478 patients
were recruited in the contributing studies (Fig. 1). At
the end of 2023, when no patients had been enrolled for
12 consecutive months and the study in Australia failed
to recruit patients, a decision was made to stop further
recruitment attempts and collect all data for the meta-
trial. Patients were recruited in Argentina (n = 183,
38%), Brazil (n = 76, 16%), Egypt (n = 100, 21%),
Indonesia (n = 43, 9%), Ireland (n = 26, 5%), USA
(n = 50, 10%). Baseline demographic and disease
characteristics were well balanced between the two
groups of the meta-trial (Table 2), and in each individ-
ual randomised controlled trial (Supplemental
Table S1). The longest follow-up of patients was 28
days in all studies, except in the USA study (60 days)
and the Ireland study (follow-up until hospital
discharge, Supplemental Table S1). Median age was 54
[45-65] years and the majority were male. Just under
one-third of all patients received supplemental oxygen
(WHO MOCS 4) and a further 25% of patients received
high flow nasal oxygen or non-invasive ventilation
(WHO MOCS 5), without differences in the baseline
WHO MOCS between the groups. Other COVID-19
therapies which patients received at any time point
during the study including corticosteroids (79% of pa-
tients) and antiviral treatment with remdesivir (25% of
patients), reflected the standard care in participating
centres at the time the studies were conducted and were
well balanced between the groups. Variables that were
not collected in some studies, or that were missing in
some patients, are summarised in Supplemental
Table S2.

Exposure

In total, 238 patients were randomised to the nebulised
UFH group and 240 patients to the control group. In
the control group, 215 patients received standard care,
and 25 patients received placebo (nebulised normal
saline). In patients where this was collected, the median
number of nebulised UFH doses administered was 15
(IQR 7-22) and the median total dose of nebulised
UFH was 225,000 (IQR 10,500-450,000) IU.

Intubation or death

Patients assigned to nebulised UFH had lower rates of
intubation or death at the longest available follow up
(26/232, 11.2%), compared to the control group (53/
237, 22.4%; OR 0.43 [0.26 to 0.73], p = 0.001, Table 3).
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Allocated to inhaled nebulised UFH (n=238)

®  Received allocated intervention (n=238)

Allocated to standard care or to placebo (n-240)
®  Received standard care (n=215)
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A
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J

Lost to follow-up (n=0)

Lost to follow-up (n=0)
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J

Analysed (n=238)

®  Missing data for primary outcome (n=6)

Fig. 1: CONSORT diagram of participants in the INHALE-HEP meta-trial.

In-hospital mortality in the nebulised UFH group was
4.3% versus 14.3% in the control group (OR, 0.26 [0.13
to 0.54], p < 0.001). Fig. 2 shows the Kaplan—Meier
graph for 28-day mortality, which was significantly
lower in the nebulised UFH group (hazard ratio 0.36,
95% CI, 0.18-0.73, p = 0.004). There was no heteroge-
neity in treatment effect between studies, suggesting
that the overall effect was consistent between studies
(Supplemental Fig. S1). There was no difference in
treatment effect between patients who received oxygen
therapy at baseline versus patients who did not (p = 0.50
for interaction). To further test the robustness of our
findings, we analysed the studies by using a two-stage
individual patient data meta-analysis combining
aggregate data, which confirmed the significant differ-
ences between the groups regarding intubation or death
(risk ratio 0.53, 95% CI 0.34-0.82, Supplemental
Fig. S2) and in-hospital mortality (risk ratio 0.32, 95%
CI 0.16-0.63, Supplemental Fig. S3). After excluding
data from the only randomised controlled study (USA),

Analysed (n=240)

®  Missing data for primary outcome (n=3)

we still found a consistent reduction of intubation or
death at the longest follow up in the nebulised UFH
group compared to the control group (OR, 0.51 [0.30 to
0.88], p = 0.016).

Other endpoints
More patients in the nebulised UFH group had an
improvement of their WHO MOCS over time
compared to the control group. On day 7, the percent-
age of patients with an improvement in their MOCS
was 43% in the nebulised UFH group versus 35% in
the control group (Supplemental Fig. S4). At day 7,
there was a significant difference in MOCS between
groups (p = 0.032), with a larger proportion of patients
in the control group compared to the nebulised UFH
group still requiring HFNO or NIV (12% versus 9%), or
IMV (10% versus 8%) (Fig. 3).

The nebulised UFH group had a shorter median
hospital length of stay compared to the control group (6
[IQR 3-10.5] versus 7 [IQR 4-11] days) when death
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before discharge was treated as a competing event and
including study as clustering (SHR 1.30, 95% CI
1.05-1.63, p = 0.018; Table 3).

There were no patients reported with pulmonary
haemorrhage, major bleeding or HIT in either group.
No other serious adverse events were reported. In pa-
tients receiving nebulised UFH, aPTT levels remained
in the normal range and were not significantly higher
than in the control group (Fig. 4).

Discussion

In this prospective, multicentre, international, meta-
trial of randomised clinical studies, inhaled nebulised
UFH on top of standard of care prevented intubation
and death in hospitalised non-intubated COVID-19
patients. A larger proportion of patients who received
nebulised UFH showed improvement of their COVID-
19 respiratory disease severity as assessed by the WHO
MOCS, and patients in this group had a shorter hospital
length of stay. The administration of nebulised UFH
was safe in our study. There were no serious adverse
effects reported, no pulmonary or major bleeding in
either group, and there was no effect on systemic
coagulation, as assessed by aPTT.

Our results are consistent with previous preclinical
and clinical studies of acute lung injury.”? In a double-
blind randomised placebo-controlled trial in 50 pa-
tients, nebulised heparin or placebo was administered
to patients expected to require mechanical ventilation
for more than 48 h. Nebulised heparin was associated
with a significant improvement in ventilator-free days
amongst survivors at day 28." In a pre-pandemic dou-
ble-blind randomised study in 256 critically ill venti-
lated patients, nebulised UFH limited progression of
lung injury including ARDS and accelerated return to
home in survivors.” In a multicentre case series of 98
hospitalised COVID-19 patients, published by our
group to confirm safety of the use of inhaled nebulised
UFH in this patient group, UFH was associated with an
improvement in oxygenation variables in intubated as
well as non-intubated patients.”

Although we did not analyse whether there was an
association between the dose of treatment with neb-
ulised UFH and the reported outcomes, the contrib-
uting study from Brazil, which was published recently,
suggested there may have been an effect of treatment
duration on outcome.’’ In that study, the data were
analysed using a modified intention to treat method,
which excluded subjects who died or who were
admitted to ICU within 24 h of randomization and only
included patients randomised to nebulised UFH who
received at least 4 administrations of nebulised UFH.
Using this method, there was a significant difference
between groups on mortality and on WHO MOCS
improvement. A post-hoc analysis showed that the
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Overall Nebulised Control group
(n = 478) heparin (n = 238) (n = 240)
Age, years 54.0 (45.0-65.0) 54.0 (45.0-66.0) 53.5 (45.0-63.0)
Male sex—no. (%) 293 (61.4) 139 (58.6) 154 (64.2)
From home—no. (%) 92 (100.0) 100.0) 47 (100.0)

5 (
Body mass index, kg/m? 27.0 (23.8-30.8) 26 0 (23.5-30.3) 27.0 (24.0-31.0)

Co-morbidities—no. (%)

Smoking 32 (12.8) 0 (15.2) 12 (10.2)
Asthma or COPD 26 (7.9) 2 (7.1) 14 (8.8)
Hypertension 81 (32.0) 3 (32.6) 38 (31.4)
Cardiac disease 16 (10.4) 7 (9.0) 9 (11.8)
Diabetes 60 (23.7) 27 (20.5) 33 (27.3)
Chronic kidney disease 8 (5.2) 2 (2.6) 6 (7.9)
COVID-19 therapies—no. (%)
Corticosteroids 373 (78.5) 192 (81.7) 181 (75.4)
Tocilizumab 14 (28.0) 4 (16.0) 10 (40.0)
Remdesivir 68 (24.9) 38 (28.4) 30 (21.6)
Macrolides 158 (70.9) 81 (74.3) 77 (67.5)
Convalescent plasma 13 (2.7) 9 (3.8) 4 (1.7)
Non-COVID-19 therapies—no. (%)
Oseltamivir 9 (4.0) 7 (6.4) 2 (1.8)
Antibiotics 389 (82.9) 195 (84.4) 194 (81.5)
Antifungal 9 (3.6) 4 (33) 539
IV or SC heparin 376 (84.3) 188 (86.2) 188 (82.5)
Baseline WHO MOCS
Not hospitalised 0 (0.0) .0) 0 (0.0)
Hospitalised, no oxygen, no COVID-19 12 (2.9) 2 (0.9) 10 (4.8)
care
Hospitalised, no oxygen, COVID-19 care 170 (40.6) 6 (40.8) 84 (40.4)
Hospitalised, oxygen 133 (31.7) 2 (34.1) 61 (29.3)
Hospitalised, NIV or HFNO 104 (24.8) 1(24.2) 53 (25.5)
Hospitalised, IMV or ECMO 0 (0.0) 0 (0.0) 0 (0.0)
Death 0 (0.0) 0 (0.0) 0 (0.0)
Baseline status
Sp0,, % 95.0 (93.0-96.0) 95.0 (93.0-96.0) 95.0 (93.0-96.0)
SpO,/Fi0, 207 (131-263) 212 (138-267) 194 (122-263)
Pa0,/Fi0, 345 (174-363) 345 (153-363) 344 (206-361)

Intervention characteristics
Number of doses
Total dose of heparin, U x 100

15 (7-22) 15 (7-22) -
2250 (1050-4500) 2250 (1050-4500) -

Data are median (quartile 25th-quartile 75th) or number (percentage). COPD is chronic obstructive pulmonary
disease; COVID is coronavirus disease; IV is intravenous; SC is subcutaneous; MOCS is Modified Ordinal Clinical
Scale; U is units; NIV is non-invasive ventilation; HFNO is high flow nasal oxygen; IMV is invasive mechanical
ventilation; ECMO is extracorporeal membrane oxygenation.

Table 2: Baseline and intervention characteristics of included patients.

effect on mortality was greatest in patients who received
at least 6 administrations of nebulised UFH.”!

It is also important to point out that some of the
studies included individuals with very mild respiratory
disease, who were not receiving oxygen therapy at
randomisation. However, the use of oxygen or lack
thereof at baseline did not affect the treatment effect of
nebulised UFH.

The proposed mechanisms of action of inhaled
nebulised UFH are a combination of antiviral, anti-
inflammatory and anti-coagulant effects, which have
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Overall Nebulised Heparin Control Group  Effect Estimate” p value
(n = 478) (n = 238) (n = 240) (95% Cl)

Intubation or death at the longest follow-up—no. (%) 79/469 (16.8) 26/232 (11.2) 53/237 (22.4) OR, 0.43 (0.26-0.73) 0.001
Intubation at the longest follow-uo 61/469 (13. 0) 21/234 (9.0) 40/235 (17.0) OR, 0.48 (0.27-0.84) 0.011
Hospital mortality 44/473 (9.3 10/235 (4.3) 34/238 (143)  OR, 0.26 (0.13-0.54) <0.001
Days from randomisation to mortality 11.0 (4. 5 19.5)  18.5(8.8-23.2) 0 (3.5-14.5) MD, 9.71 (-0.09 to 19.51) 0.059

28-day mortality—no. (%) 41/368 (11.1) 12/182 (6.6) 29/186 (15.6)  OR, 0.38 (0.18-0.77) 0.007

Hospital length of stay, days 0 (4.0-11.0) 0 (3.0-10.5) 0 (4.0-11.0) SHR, 1.30 (1.05-1.63) 0.018

Day 7 WHO MOCS
Not hospitalised 122/390 (31.3) 61/193 (31.6) 61/197 (31.0)

Hospitalised, no oxygen, no COVID-19 care 10/390 (2.6) 1/193 (0.5) 9/197 (4.6)
Hospitalised, no oxygen, COVID-19 care 130/390 (33. ) 73/193 (37.8) 57/197 (28.9)
Hospitalised, oxygen 37/390 (9.5 21/193 (10.9) 16/197 (8.1)
Hospitalised, NIV or HFNO 40/390 (10. 3) 17/193 (8.8) 23/197 (11.7)
Hospitalised, IMV or ECMO 36/390 (9.2) 16/193 (8.3) 20/197 (10.2)
Death 15/390 (3.8) 4/193 (2.1) 11/197 (5.6)

Adverse events—no. (%)

Major bleeding 0/475 (0.0) 0/235 (0.0) 0/240 (0.0) = =
Pulmonary bleeding 0/475 (0.0) 0/235 (0.0) 0/240 (0.0) - -
Heparin-induced thrombocytopenia 0/432 (0.0) 0/214 (0.0) 0/218 (0.0) - -
Data are median (quartile 25th-quartile 75th) or number (percentage). Abbreviations: Cl is confidence interval; OR is odds ratio; MD is median difference; SHR is
subdistribution hazard ratio; NIV is non-invasive ventilation; HFNO is high flow nasal oxygen; IMV is invasive mechanical ventilation; ECMO is extracorporeal membrane
oxygenation; MOCS is Modified Ordinal Clinical Scale. *0dds ratio estimated from a mixed-effect logistic regression with trial as random effect. Median difference
estimated with a mixed-effect median regression using an interior-point algorithm with trial as clustering effect. Subdistribution hazard ratio assessed using Fine-Gray
competing risk models with death before discharge treated as a competing event and including study as clustering.
Table 3: Clinical outcomes.
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— Control Group
— Nebulized UFH
Log-Rank test
0.001 p =0.003
0 4 8 12 16 20 24 28
Days After Randomization
No. at Risk
Control Group 186 178 172 166 163 161 157 157
Nebulized UFH 181 179 178 176 176 174 172 171

Fig. 2: Kaplan-Meier plot for 28-day mortality.
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Fig. 3: Day 7 distribution of the WHO modified ordinal clinical scale (MOCS) for COVID-19.

recently been reviewed elsewhere.”? UFH has demon- SARS-CoV-2 Spike S1 protein receptor binding domain
strated antiviral activity in pre-clinical studies in con-  attaches to UFH and undergoes conformational change
centrations relevant for administration to humans. The  that prevents it from binding to the Angiotensin

50
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Fig. 4: Activated partial thromboplastin time.
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Converting Enzyme 2 receptor, inhibiting infection.?**
This antimicrobial effect of UFH is not unique to
SARS-CoV-2, as a large number of viral but also bac-
terial pathogens depend upon interactions with pro-
teoglycan molecules such as heparan sulphate, which is
expressed on a range of human tissue surfaces, for
adhesion and invasion of host tissues.” UFH also limits
adhesion of a number of pathogens including Pseudo-
monas aeruginosa, Burkholderia cenocepacia, Bur-
kholderia pseudomallei, Legionella pneumophila,
Staph aureus, Strep pyogenes, Strep pneumonia, Res-
piratory syncytial virus and Influenza A.** Human and
animal studies suggest these actions may reduce the
development of pneumonia and bacteraemia.’**! The
anti-inflammatory effects of inhaled UFH are thought
to reduce pulmonary hyperinflammation and the gen-
eration of DNA NETs, both of which contribute to
COVID-19 lung injury.'>** The anticoagulant actions of
nebulised UFH may limit fibrin deposition, hyaline
membrane formation and microvascular thrombosis,
which are also important features of COVID-19.'%%
Animal studies of nebulised UFH in different acute
lung injury models have shown a positive effect on
pulmonary coagulation, inflammation and oxygenation.
These effects seem to be at least partly modulated by
alveolar macrophages.”” Early-phase trials in patients
with acute lung injury and related conditions found that
nebulised UFH limited pulmonary fibrin deposition,
coagulation activation and microvascular thrombosis,
reduced pulmonary dead space, improved lung injury
and increased time free of ventilatory support.’®*** In
the contributing study from Egypt, the investigators
measured D-dimer levels in bronchoalveolar lavage
(BAL) fluid from patients with COVID-19 obtained by
performing mini-BAL at baseline and on days 3 and 7.%
Although both the nebulised UFH and the control
group showed a reduction of D-dimer levels in the BAL
fluid over time, the reduction was significantly greater
on day 3 in the nebulised UFH group compared to
controls, suggesting nebulised UFH had an effect on
the coagulopathy in the lungs of patients with COVID-
19.%¢

The safety profile of inhaled nebulised UFH in our
meta-trial is consistent with results from previous
studies. In our previously mentioned case series of
hospitalised COVID-19 patients, the addition of inhaled
nebulised UFH had no clinically relevant effect on
systemic coagulation as assessed by aPTT and was not
associated with significant bleeding complications.” All
patients in that study also received systemic anti-
coagulation, with 53/98 receiving prophylactic doses
and 45/98 patients receiving therapeutic anti-
coagulation, mostly with low molecular weight heparin
(LMWH). In the also previously referenced randomised
placebo-controlled phase 3 trial, nebulised UFH was
administered in a dose of 25,000 IU every 6 h using a
vibrating mesh nebuliser, and treatment with nebulised

UFH modestly increased peak APTT in patients who
concomitantly received intravenous or subcutaneous
UFH. There was no effect on the peak APTT in patients
who did not receive intravenous or subcutaneous UFH
or in patients who received intravenous or subcutane-
ous LMWH."”

The strengths of this prospective meta-trial include
the prospective study design, the sample size and the
international scope. The inclusion of studies conducted
in low-, middle- and high-income countries increases
effect size estimates across different conditions as well
as the external validity of the results. All studies were
investigator-initiated without pharmaceutical industry
involvement. Another strength is the assessment of a
biologically plausible intervention, based on robust
previous pre-clinical and clinical research.

The present work has limitations. First, although the
USA trial was blinded and placebo controlled, all other
studies were unblinded without placebo. During the
pandemic, there were significant uncertainties and
concerns regarding the use of nebulised treatments and
the potential effects on viral transmission. Therefore,
the control groups in all but one studies did not receive
nebulised placebo treatment. Second, the meta-trial
design has disadvantages compared with a multisite
trial following a common protocol at all sites. Individual
studies had different protocols and used different de-
livery methods and doses. For example, vibrating mesh
nebulisers deliver finer particle sizes than other ap-
proaches and therefore may deliver proportionally more
of the dose to the distal airways and alveoli.”” In addi-
tion, different types of UFH were used in each of the
countries. Heparins are sourced and produced from
either porcine mucosal tissue or bovine lung. Whilst all
heparin preparations are standardised internationally
according to their anti-coagulant effect, heparins from
different sources and methods of preparation are
heterogenous polysaccharides and have not been
standardised for other pharmacological effects such as
anti-inflammatory or anti-viral effects. This could have
introduced a level of variability in the results obtained
from different countries as it has been previously re-
ported that different types of UFH may have different
effects on coagulation and inflammation.”* However,
despite these differences between the study protocols,
we did not find heterogeneity between study results,
suggesting that the overall effect was consistent be-
tween studies. Third, recruitment into the studies
ceased before the pre-specified meta-trial sample size
could be reached, in line with the unpredictable nature
of the pandemic. However, the effect size estimate was
larger than predicted, statistically significant, clinically
meaningful and consistent across the different studies
and across additional sensitivity analyses. Fourth, the
current meta trial excluded patients who were already
intubated and therefore our results cannot be extrapo-
lated to COVID-19 patients who require invasive
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mechanical ventilation. It is possible that the effects of
the intervention are different for this more severe group
of patients, and that is the topic of another meta-trial of
which the results are awaited.” Finally, the studies in
this meta-trial were done amid the pandemic, which
created significant challenges for all researchers, and
which resulted in missing data for some variables. For
example, oxygenation variables were not consistently
collected in all studies, which prevented us from pre-
senting a more granular picture of the effect of the
intervention on COVID-19 associated respiratory
symptoms, other than the change in WHO MOCS over
time which we reported. In conclusion, in this
investigator-initiated international individual patient
data meta-trial of randomised clinical studies, inhaled
nebulised UFH was safe and significantly reduced
intubation and mortality rates in hospitalised COVID-
19 patients. The positive results from this study have
implications for the future treatment of lung injury
arising from COVID-19 and potentially from other
causes. Further controlled clinical studies of nebulised
UFH in hospitalised patients with lung injury, partic-
ularly resulting from respiratory infections, are now
urgently required.
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