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ABSTRACT
Acute respiratory distress syndrome (ARDS) related to
SARS-CoV-2 infection has some unusual characteristics
that differentiate it from the pathophysiology described
in the more ‘typical’ ARDS. Among multiple hypotheses,
a close similarity has been suggested between COVID-19
ARDS and neonatal respiratory distress syndrome
(RDS). With this opinion paper, we investigated the
pathophysiological similarities between infant respiratory
diseases (RDS and direct neonatal ARDS (NARDS)) and
COVID-19 in adults. We also analysed, for the first time,
similarities in the response to exogenous surfactant
administration in terms of improved static compliance
in RDS and direct NARDS, and adult COVID-19 ARDS. In
conclusion, we believe that if the pathological processes
are similar both from the pathophysiological point of
view and from the response in respiratory mechanics to
a recruitment treatment such as surfactant, perhaps the
latter could be considered a plausible option and lead to
recruitment in clinical trials currently ongoing on patients
with COVID-19.

The COVID-19 pandemic has been characterised by many hospitalisations and, to date,
over two million deaths worldwide. Critically
ill patients with COVID-19 may develop incremental respiratory compromise leading to
acute respiratory distress syndrome (ARDS).
However, ARDS related to SARS-CoV-2 infection has some unusual features, which differentiate it from the pathophysiology described in
more ‘typical’ ARDS, as defined by the BERLIN
criteria.1 Among the multiple pathophysiological hypotheses relating to the development
and progression of this ‘atypical’ form of ARDS,
a close similarity between COVID-19 ARDS and
neonatal respiratory distress syndrome (RDS)
has been suggested in the early phases of ARDS
in critically ill patients.2 This concept has raised
questions about whether the similarities in the
pathophysiology of RDS and COVID-19 ARDS
favours trials of lung surfactant therapy in the
management of COVID-19 ARDS, at the time
of writing seven randomised controlled trials
(RCTs) ongoing in this setting.

Acute lung injury in SARS-CoV-2 infection
appears to result, at least partly, from the host-
driven exaggerated inflammatory response.
Furthermore, the so-called ‘cytokine storm’
alongside intravascular coagulation generates
microthrombi of the pulmonary vessels. This
process can lead to ARDS development and
subsequently interfere with the pulmonary
repair mechanisms, thus predisposing individuals to fibrosis.3 However, the pathophysiology of COVID-19-
induced lung damage
cannot be limited to the inflammatory hypothesis alone. Indeed, a recent exploratory study
suggested that the hyperinflammatory phenotype is less prevalent, although more severe,
in patients with COVID-19 than in previous
non-COVID-19 cohorts.4
Whichever cascade phenomena contribute
to progressive lung damage, the initial trigger
is the infection of the host’s respiratory
cells by the SARS-CoV-2 virus. In this host–
virus interaction, a key role of the ACE2 is
recognised.5 At the same time, recent gene-
ontology studies have shown that 83% of lung
cell expression of the ACE2 gene is on alveolar
type 2 (AT2) cells.5 These findings explain
the extensive cytopathic viral effect on AT2 in
the lower respiratory tract seen in pathological studies.6 This progressive damage of AT2
limits surfactant production. It will predispose to the formation of atelectasis, inflammation and damage of the alveolar-capillary
barrier with interstitial oedema and subsequent thrombosis of the lung capillary bed.7
This mechanism is similar to that observed in
neonatal RDS.
Neonatal RDS, previously also referred
to as hyaline membrane disease, is largely
secondary to the immaturity of the alveolar
epithelium, causing surfactant deficiency
in the immature preterm lung.8 It is widely
accepted that increased surface tension in
the lungs of preterm infants is primarily
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Table 1 Clinical features, histological features, Crs and steroid treatment seen in preterm infants and observed in patients
with COVID-19 ARDS and as reported by Grasselli et al.3 See text for details
Clinical features
Histological features

Crs—see also figure 1

Steroids

Neonatal RDS

COVID-19 ARDS

Tachypnoea, increased work of breathing
and hypoxia
Diffuse injury, atelectasis, alveolar
oedema, the presence of fibrin exudate
and hyaline membrane

Dyspnoea, tachypnoea and hypoxia

Lung compliance may appear to be
normal initially and then decreases over
first minutes and hours of life requiring
increasing pressures/ventilatory support
Use of antenatal steroids reduces RDS7

Patients initially present with near-normal lung
compliance and then have decreasing lung compliance
over the next days of illness if the disease progress

Diffuse injury, atelectasis, alveolar oedema, the
presence of fibrin exudate, hyaline membrane and
capillary thrombi

Use of dexamethasone in patients hospitalised with
respiratory failure improves outcome20

ARDS, acute respiratory distress syndrome; Crs, compliance of the respiratory system; RDS, respiratory distress syndrome.

responsible for the hypoxia and atelectasis, characteristic
features of neonatal RDS, which has proven responsive to
exogenous surfactant therapy.9 Over the last decade, the
management of preterm infants with neonatal RDS has
changed due to the move toward using early continuous
positive pressure ventilation and keeping exogenous
surfactant therapy as a rescue remedy if the infant does
not improve.10 11
Interestingly, initial thoughts concerning the causation
of neonatal RDS had focused on concepts of pulmonary
vascular pathology leading to hypoperfusion12 and activation of the coagulation cascade.13 As in RDS, these
microthrombotic phenomena are also described in
adults with SARS-CoV-2 infection, generating pulmonary
hypoperfusion in COVID-19 lung disease. Microvascular
coagulation disorders in neonatal RDS were not responsive to fibrinolytic therapy.14 Similarly, in COVID-19
lung disease, preliminary results of therapeutic intravenous unfractionated heparin do not seem to improve
outcome15, despite this treatment is still under extensive
investigation by ongoing RCTs.16 17
As stated above, preterm infants with neonatal RDS
demonstrate high alveolar surface tension and low
compliance of the respiratory system18 (Crs). In clinical
practice, administration of surfactant either as prophylaxis or rescue rapidly results in the lung being able to
expand, with Crs improvement and consequent low ventilatory pressures needed to generate tidal volume.9 10 19
The clinical presentation (table 1) in critically ill patients
with COVID-19 lung disease is reminiscent of the preterm
infant with RDS. Clinical symptoms of respiratory distress
and severe hypoxia are described in both these patient
groups. Furthermore, the histology is also similar because
they both demonstrate alveolar infiltration, hyaline
membranes and oedema.11 Moreover, the use of corticosteroids seems to be effective in both scenarios, antenatal administration for neonatal RDS8 and during acute
respiratory failure under oxygen delivery in COVID-1920
(table 1).
2

Although this paper mainly focuses on neonatal RDS,
it is pertinent to mention that there is another group of
infants with respiratory failure that could maybe resemble
COVID-19 ARDS, infants with neonatal ARDS (NARDS).
The damage related to the endogenous surfactant in
this newborn respiratory disease is both quantitative and
qualitative accordingly with what happens in the adult
with COVID-19 ARDS (figure 1). The Montreux definition of NARDS21 highlighted the need for recognition of
ARDS in the neonatal period that has distinct pathophysiology compared with RDS, thus the management and
clinical course of these patients is different. Although,
there is a need for further trials using surfactant therapy
in patients with NARDS,22 surfactant therapy is used in
infants on neonatal units as rescue therapy. An example
of the surfactant use in direct NARDS is the meconium
aspiration syndrome (MAS); exogenous surfactant as
treatment provides an increased pool of alveolar surfactant to overcome the inactivation thus increasing lung
Crs.23 The use of exogenous surfactant in MAS has been
shown to prevent the need for extracorporeal membrane
oxygenation (ECMO) therapy but not reduce mortality.24
Leaving the neonatal setting and entering the merits
of the COVID-19 ARDS, there is a strong ongoing debate
on Crs and respiratory mechanics. Some authors argue
that the values of Crs in severely hypoxic COVID-19
ARDS were higher than that found in ‘typical’ ARDS.25 In
contrast, other authors have shown no substantial differences in Crs between the two kinds of ARDS.26 A recent
prospective matched cohort study comparing patients
with a similar level of hypoxaemia showed that patients
with SARS-CoV-2 infection had a mean Crs of 20% higher
and had lower driving pressures.27 However, this study
enrolled patients with indirect aetiologies and longer
intensive care unit length of stay before study entry in
the group of ‘typical’ ARDS. Therefore, although it is still
unclear whether Crs of typical ARDS and COVID-19 ARDS
are comparable, the Crs response to surfactant administration may reflect more substantial parallels, mainly in
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Figure 1 A schematic figure illustrating the pathophysiology in neonatal RDS, direct NARDS and adult COVID-19 ARDS.
A and B show concept graphs of changes in static compliance following surfactant administration from baseline in infants.
C illustrates a change in static compliance from baseline in the nine patients treated with surfactant on a compassionate
basis as rescue therapy to prevent need for ECMO. *Indicates surfactant administration. ARDS, acute respiratory distress
syndrome; ECMO, extracorporeal membrane oxygenation; NARDS, neonatal acute respiratory distress syndrome; RDS,
respiratory distress syndrome.

direct cause of ARDS. A previous study by Tsangaris et
al evaluated the administration of natural surfactant in
patients with ARDS from a direct traumatic lung injury,
demonstrating an increasing curve in Crs that reached
a plateau 24 hours post-administration.28 We recorded
a similar Crs response curve on nine patients with
COVID-19 ARDS with extreme hypoxaemia, refractory
to all rescue respiratory therapies, to whom we administered exogenous natural surfactant for compassionate
use as a last resort to avoid ECMO (a detailed description of the surfactant supplementation is described
elsewhere).29 Therefore, whatever the basal level of Crs
between ‘typical’ direct ARDS and COVID-related ARDS,
the response to the surfactant appears to be superimposable. This same Crs curve seems very similar to the trajectory occurring in newborn infants with RDS and NARDS
after surfactant administration, likely secondary to the
common pathophysiology of the diseases (figure 1).
DISCUSSION
SARS-
CoV-2 targets the AT2 cells that are vital in
surfactant production. We know from studies in preterm
infants that surfactant is critical in reducing surface
tension and improving lung Crs. Improvement in Crs by
increased aeration and reduced surface tension is likely
to prevent the vicious cycle that results in worsening

hypoxia and acidosis leading to pulmonary damage and
an ongoing inflammatory insult to the lungs. A similar
mechanism belongs to critically ill patients with COVID19, higher surface tension worsens hypoxia and inflammation by both reducing Crs and increasing atelectasis,
generating further hypoxia and inflammation leading
to a vicious cycle that requires mechanical ventilation to
maintain adequate oxygenation. Surfactant effectively
breaks this cycle with improvement in hypoxia due to
improved Crs in infants. We hypothesise that it can have
a similar effect in patients with reduced Crs COVID-19
ARDS. However, as in the neonatal population, acknowledging the complexities of surfactant dysfunction in
COVID-19 ARDS is crucial. There needs to be recognition and selection of patients’ relevant phenotype to
receive surfactant therapy and thought given to dosage
and delivery.
In conclusion, we believe that given the overlap in the
pathophysiology of RDS and COVID-19 ARDS, the use
of surfactant would be a valuable tool in the armoury of
treatments for patients that present with direct ARDS
secondary to COVID-19. RCTs are needed to identify
which subgroup of patients with COVID-19 ARDS would
benefit more from exogenous surfactant therapy, and
given the difference in lung development and size, what
dose and delivery method would be most effective.

Bhatt RM, et al. BMJ Open Resp Res 2021;8:e000867. doi:10.1136/bmjresp-2020-000867

3

BMJ Open Resp Res: first published as 10.1136/bmjresp-2020-000867 on 14 September 2021. Downloaded from http://bmjopenrespres.bmj.com/ on January 9, 2023 by guest. Protected by
copyright.

Open access

Acknowledgements The authors would like to thank Chiesi Pharmaceuticals
(Parma, Italy) for providing Curosurf for compassionate use on COVID-19 patients.
We would also like to thank Dr Laura Fabbri for her scientific contribution. Proffesor
Clark wants to thank MRC and BRC at UCL/UCLH. Dr Stefano Busani and Professor
Massimo Girardis would like to thank all the medical colleagues and nurses
who worked during this hard period in the three COVID-19 ICUs of the University
Hospital Policlinico di Modena. The authors would like to acknowledge Dr J Cuddihy
in proofreading the manuscript.
Contributors RMB and HWC planned and wrote the neonatal part of the paper,
while MG and SB planned and wrote the adult COVID-19 part of the paper. All
authors read and approved the final version of the manuscript.
Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.
Competing interests None declared.
Patient consent for publication Not required.
Ethics approval Ethical committee approvement was not necessary because of the
'opinion' nature of the study.
Provenance and peer review Not commissioned; externally peer reviewed.
Data availability statement Data are available on reasonable request.
Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the
use is non-commercial. See: http://c reativecommons.org/licenses/by-nc/4.0/.
ORCID iD
Stefano Busani http://orcid.org/0000-0003-0150-4967

REFERENCES

1 ARDS Definition Task Force, Ranieri VM, Rubenfeld GD, et al.
Acute respiratory distress syndrome: the Berlin definition. JAMA
2012;307:2526–33.
2 Koumbourlis AC, Motoyama EK. Lung mechanics in COVID-19
resemble respiratory distress syndrome, not acute respiratory
distress syndrome: could surfactant be a treatment? Am J Respir
Crit Care Med 2020;202:624–6.
3 Grasselli G, Tonetti T, Protti A, et al. Pathophysiology of COVID19-associated acute respiratory distress syndrome: a multicentre
prospective observational study. Lancet Respir Med 2020;8:1201–8.
4 Sinha P, Calfee CS, Cherian S, et al. Prevalence of phenotypes of
acute respiratory distress syndrome in critically ill patients with
COVID-19: a prospective observational study. Lancet Respir Med
2020;8:1209–18.
5 Yao Y, Wang H, Liu Z. Expression of ACE2 in airways: implication
for COVID-19 risk and disease management in patients with
chronic inflammatory respiratory diseases. Clin Exp Allergy
2020;50:1313–24.
6 Remmelink M, De Mendonça R, D'Haene N, et al. Unspecific
post-mortem findings despite multiorgan viral spread in COVID-19
patients. Crit Care 2020;24:495.
7 Batah SS, Fabro AT. Pulmonary pathology of ARDS in COVID-19: a
pathological review for clinicians. Respir Med 2021;176:106239.
8 Sweet DG, Carnielli V, Greisen G, et al. European Consensus
Guidelines on the Management of Respiratory Distress Syndrome 2019 Update. Neonatology 2019;115:432–50.

4

9 Baraldi E, Pettenazzo A, Filippone M, et al. Rapid improvement of
static compliance after surfactant treatment in preterm infants with
respiratory distress syndrome. Pediatr Pulmonol 1993;15:157–62.
10 Polin RA, Carlo WA. Committee on fetus and newborn; American
Academy of pediatrics. surfactant replacement therapy for
preterm and term neonates with respiratory distress. Pediatrics
2014;133:156–63.
11 De Luca D. Respiratory distress syndrome in preterm neonates
in the era of precision medicine: a modern critical care-based
approach. Pediatr Neonatol 2021;62:S3–9.
12 Chu J, Clements JA, Cotton EK. Neonatal pulmonary ischemia, part
I: clinical and physiological studies. Pediatrics 1967;40:709–82.
13 Taylor F, Abrams M. Effect of surface active lipoprotein on clotting
and fibrinolysis, and of fibrinogen on surface tension of surface
active lipoprotein: with a hypothesis on the pathogenesis of
pulmonary atelectasis and hyaline membrane in respiratory distress
syndrome of the newborn. Am J Medicine 1966;40:346–50.
14 Bassler D, Millar D, Schmidt B. Antithrombin for respiratory
distress syndrome in preterm infants. Cochrane Database Syst Rev
2006;4:CD005383.
15 Zarychanski R, The REMAP-CAP, ACTIV-4a, ATTACC Investigators.
Therapeutic anticoagulation in critically ill patients with Covid-19 –
preliminary report. medRxiv 2021.
16 Busani S, Tosi M, Mighali P, et al. Multi-centre, three arms,
randomized controlled trial on the use of methylprednisolone
and unfractionated heparin in critically ill ventilated patients with
pneumonia from SARS-CoV-2 infection: a structured summary of a
study protocol for a randomised controlled trial. Trials 2020;21:724.
17 CHARTER TRIAL: Clinicaltrial.gov: NCT04511923.
18 Ainsworth SB. Pathophysiology of neonatal respiratory distress
syndrome. Treat Respir Med 2005;4:423–37.
19 Jobe AH. Mechanisms to explain surfactant responses. Biol Neonate
2006;89:298–302.
20 RECOVERY Collaborative Group, Horby P, Lim WS, et al.
Dexamethasone in hospitalized patients with Covid-19. N Engl J
Med 2021;384:693–704.
21 De Luca D, van Kaam AH, Tingay DG, et al. The Montreux definition
of neonatal ARDS: biological and clinical background behind the
description of a new entity. Lancet Respir Med 2017;5:657–66.
22 De Luca D, Cogo P, Kneyber MC, et al. Surfactant therapies for
pediatric and neonatal ARDS: ESPNIC expert consensus opinion for
future research steps. Crit Care 2021;25:75.
23 El Shahed AI, Dargaville PA, Ohlsson A, et al. Surfactant for
meconium aspiration syndrome in term and late preterm infants.
Cochrane Database Syst Rev 2014:CD002054.
24 Mokra D, Calkovska A. Exogenous surfactant in the treatment of
neonatal meconium aspiration syndrome. J Pediatr Intensive Care
2012;1:49–60.
25 Gattinoni L, Chiumello D, Caironi P, et al. COVID-19 pneumonia:
different respiratory treatments for different phenotypes? Intensive
Care Med 2020;46:1099–102.
26 Ziehr DR, Alladina J, Petri CR, et al. Respiratory pathophysiology of
mechanically ventilated patients with COVID-19: a cohort study. Am
J Respir Crit Care Med 2020;201:1560–4.
27 Chiumello D, Busana M, Coppola S, et al. Physiological and
quantitative CT-scan characterization of COVID-19 and typical
ARDS: a matched cohort study. Intensive Care Med 2020;46:1–10.
28 Tsangaris I, Galiatsou E, Kostanti E, et al. The effect of exogenous
surfactant in patients with lung contusions and acute lung injury.
Intensive Care Med 2007;33:851.
29 Busani S, Dall'Ara L, Tonelli R, et al. Surfactant replacement
might help recovery of low-compliance lung in severe COVID-19
pneumonia. Ther Adv Respir Dis 2020;14:1753466620951043.

Bhatt RM, et al. BMJ Open Resp Res 2021;8:e000867. doi:10.1136/bmjresp-2020-000867

BMJ Open Resp Res: first published as 10.1136/bmjresp-2020-000867 on 14 September 2021. Downloaded from http://bmjopenrespres.bmj.com/ on January 9, 2023 by guest. Protected by
copyright.

Open access

