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Abstract

Airway closure is a physiological phenomenon in which the distal airways are obstructed
when the airway pressure drops below the airway opening pressure. We assess this phenomenon in 27
patients with coronavirus disease 2019-related acute respiratory distress syndrome. Twelve (44%)
patients had an airway opening pressure above 5 cmH>O. The median airway opening pressure was 8
cmHO (interquartile range, 7-10), with a maximum value of 17 cmH,O. Three patients had a baseline

positive end-expiratory ~ pressure lower  than  the airway opening  pressure.
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Introduction

The optimal positive end-expiratory pressure (PEEP) in acute respiratory distress syndrome
(ARDS) is subject to debate - especially for ARDS related to coronavirus disease 2019 (COVID-19).
Some clinicians argue that a high PEEP optimizes alveolar recruitment, while others suggest that a low

PEEP avoids alveolar overdistention and reduces the dead space(1,2).

Airway closure is a physiological phenomenon in which the distal airways are obstructed
when the airway pressure drops below a given threshold during expiration(3). Consequently, the
alveoli do not communicate with the airways when the pressure is below the airway opening pressure
(AOP). This obstruction can be extrinsic (due to lung compression) or intrinsic (due to liquid-filled
bronchi and qualitative or quantitative abnormalities in the surfactant)(4). Airway closure interferes
with the assessment of airway pressure at end-expiration (causing errors in driving pressure
measurements) and exhaled tidal volume (causing errors in the interpretation of the recruitment to
inflation ratio used to assess lung recruitability)(4). Moreover, repeated opening and closure
movements lead to bronchiolar damage (leading to ventilator-induced lung injury) and promote
ventilation-perfusion mismatch(5). Given that airway closure is common in classical (i.e. non-COVID-

19-related) ARDS, we decided to assess this phenomenon in COVID-19-related ARDS(6).

Methods

Here, we report on an ancillary analysis of an ongoing, prospective, single-center study of lung
recruitability in ARDS, conducted in the intensive care department of Amiens university hospital
(Amiens, France). All participants had tested positive in a real-time PCR assay for SARS-CoV-2. The
partial pressure of oxygen to inspired oxygen fraction (P.O-/F;O) ratio was always below 150 mmHg
at a PEEP of 5 cmH>0O. All patients received continuous infusion of sedatives and neuromuscular

blocking agents.

In supine position, we measured AOP during low-flow (5 L/min) insufflation starting at a

PEEP of 0 cmH»0, within 72 hours prior orotracheal intubation. We defined airway closure as the



presence of an inflection point on the time-pressure curve, and considered that the AOP was the
pressure at the inflection point. An AOP above 5 cmH,O was considered to be clinically
significant(3,4) (Figure 1). We compared the AOP with the baseline PEEP (premeasurement), and
PEEP recommended in the PEEP-FO, table (lower PEEP/Higher F;O,) published by the ARDS
Network or that recommended in the ExPress study as a function of the plateau pressure (to reach 28-

30 cmH>0).

Results

We included 27 patients with COVID-19-related ARDS, of whom 12 (44%) had an AOP
above 5 cmH>O. Among them, 8 (67%) were men and the median age was 67 years (interquartile
range (IQR), 53-77). Eight study participants (67%) were obese, with a median body mass index of 35
kg/m? (IQR, 28-39). The median P,0,/F,O; ratio was 94 mmHg (IQR 69-107), and 8 (67%) patients
had a severe ARDS. The most common features on a CT scan of the chest were diffuse ground-glass
opacity (in 100% of the patients) and consolidation (75%). Posterior or basal predominance was found

in 6 patients (50%), and the median lung involvement was 67% (IQR, 44-71) (Table 1).

The median AOP was 8 cmmH,O (IQR, 7-10), with a maximum value of 17 cmH»O. Four
patients (33%) had an AOP of 10 cmH>O or more. Before measurement, 3 patients (#1, #3, and #8)
had a baseline PEEP lower than AOP. The optimal PEEP was 21 cmH,O (IQR, 19-21) according to
the ARDS network protocol and 17 cmH>O (IQR, 15-18) according to the Express protocol. One
patient (#3) had a PEEP level (according to the Express protocol) that was below the AOP and would

have led to airway closure (Table 1).

Discussion

Airway closure is a common phenomenon in COVID-19 related ARDS; in the literature, the
prevalence ranges from 0% to 40% (Table 2)(7-9). The occurrence of airway closure is still poorly

understood but can be partially explained by the high prevalence of obesity in COVID-19 patients; this



leads to a positive pleural pressure in dependent regions and thus to lung compression. The
pathogenesis of COVID-19 involves conducting airways, and distal bronchiolar injury can be severe.
When combined with the frequent loss of surfactant, this damage increases the likelihood of airway

closure(10).

The use of a low PEEP suggested by some clinicians exposes the patients to the above-
mentioned consequences of airway closure. It is therefore essential to maintain the PEEP above the
AOP. In some patients, the AOP may be high (up to 17 cmH-0O, in our cohort) and so the PEEP
recommended by the ARDS Network or the ExPress study might not be sufficient. However, one must
to bear in mind that airway occlusion is not always complete and may only concern some lung areas
(due to ARDS-induced lung inhomogeneity)(4). That is why increasing the PEEP to stop airway

occlusion might lead to alveolar overdistention.

Conclusion

The routine monitoring of airway closure and AOP is essential for the choice of an
individualized PEEP in ARDS. The optimal PEEP will be the best compromise between (i)

maintaining lung recruitment, (ii) avoiding alveolar hyperinflation, and (iii) keeping the airways open.



References

10.

Roesthuis L, van den Berg M, van der Hoeven H. Advanced respiratory monitoring in COVID-

19 patients: use less PEEP! Crit Care. 15 mai 2020;24(1):230.

van der Zee P, Somhorst P, Endeman H, Gommers D. Electrical Impedance Tomography for
Positive End-Expiratory Pressure Titration in COVID-19-related Acute Respiratory Distress
Syndrome. Am J Respir Crit Care Med. 15 juill 2020;202(2):280-4.

Chen L, Del Sorbo L, Grieco DL, Shklar O, Junhasavasdikul D, Telias I, et al. Airway Closure in
Acute Respiratory Distress Syndrome: An Underestimated and Misinterpreted Phenomenon. Am

J Respir Crit Care Med. 1 janv 2018;197(1):132-6.

Chen L, Del Sorbo L, Grieco DL, Junhasavasdikul D, Rittayamai N, Soliman I, et al. Potential
for Lung Recruitment Estimated by the Recruitment-to-Inflation Ratio in Acute Respiratory

Distress Syndrome. A Clinical Trial. Am J Respir Crit Care Med. 15 janv 2020;201(2):178-87.

Chen L, Del Sorbo L, Fan E, Brochard L. Reply to Borges: The Plausibility of
« Bronchiolotrauma ». Am J Respir Crit Care Med. 15 avr 2018;197(8):1087-8.

Guérin C, Terzi N, Galerneau L-M, Mezidi M, Yonis H, Baboi L, et al. Lung and chest wall
mechanics in patients with acute respiratory distress syndrome, expiratory flow limitation, and

airway closure. J Appl Physiol (1985). 1 juin 2020;128(6):1594-603.

Haudebourg A-F, Perier F, Tuffet S, de Prost N, Razazi K, Mekontso Dessap A, et al.
Respiratory Mechanics of COVID-19- versus Non-COVID-19-associated Acute Respiratory
Distress Syndrome. Am J Respir Crit Care Med. 15 juill 2020;202(2):287-90.

Pan C, Chen L, Lu C, Zhang W, Xia J-A, Sklar MC, et al. Lung Recruitability in SARS-CoV-2
Associated Acute Respiratory Distress Syndrome: A Single-center, Observational Study. AmJ
Respir Crit Care Med. 23 mars 2020;

Beloncle FM, Pavlovsky B, Desprez C, Fage N, Olivier P-Y, Asfar P, et al. Recruitability and
effect of PEEP in SARS-Cov-2-associated acute respiratory distress syndrome. Ann Intensive

Care. 12 mai 2020;10(1):55.

Mason RJ. Thoughts on the alveolar phase of COVID-19. Am J Physiol Lung Cell Mol Physiol.
1 juill 2020;319(1):L115-20.



Table 1

Demographic, radiographic and respiratory data for the study population.

Patient Age Sex BMI PaO2/Fi02 inV(:;::Iient AOP PEER (B0
) (Kg/m?) ratio (cmH;0) . Express ARDSnet
on CT (%) Baseline protocol protocol*
1 77 F 27.06 98 50 13 10 20 18-24
2 50 M 23.67 94 50-75 7 12 18 10-14
3 29 M 48.22 83 50-75 17 14 15 18-24
4 79 F 38.50 70 50 8 15 15 18-24
5 43 M 32.68 63 NA 10 15 22 18-24
6 66 M 36.90 67 75 7 10 18 14
7 54 M 27.68 93 25-50 7 10 16 18-24
8 77 F 20.57 130 25-50 8 5 12 18-24
9 79 M 41.00 60 75 7 15 15 18-24
10 68 M 35.60 124 25-50 5 5 19 18-24
11 56 M 34.00 104 75 8 15 17 10-14
12 71 F 41.50 117 50-75 10 15 15 18-24
Median
[IOR] 67 [53-771 8M/4F 35 [28-39] 94 [69-107] 67 [44-T1] 8 [7-10] 13 [10-15] 17 [15-18] 21 [19-21]

AOP: airway opening pressure; ARDS: acute respiratory distress syndrome network; BMI: body mass index; IQR: interquartile range; NA: not available; P,O./FiO,. partial
pressure of oxygen to inspired oxygen fraction; PEEP: positive end-expiratory pressure.

* the lower PEEP/Higher F,O, table.



Table 2

Literature review of airway closure in classical ARDS (i.e. not related to Covid-19) and COVID-19-related ARDS.

Covid-19-related

References ARDS Prevalence Detection method AOP (cmH0O)
Chen et al. (3) No 8/30 (27%) P-V curves Mean + SD: 135
Chen et al. (4) No 15/45 (33%) P-V curves Range: 5-20
Guérin et al. (6) No 13/25 (52%) P-V curves Median [IQR]: 9 [8-15]
Haudebourg et al. *(7) No 3/30 (10%) P-V curves Median [IQR]: 5 [5-9]
Haudebourg et al. *(7) Yes 12/30 (40%) P-V curves Median [IQR]: 8 [5-10]
Pan et al. (8) Yes 0/12 (0%) P-V curves NA
Beloncle et al. (9) Yes 6/25 (24%) P-T curves Median [IQR]: 8 [7-10]
The present report Yes 12/27 (44%) P-T curves Median [IQR]: 8 [7-10]

AOP: airway opening pressure; ARDS: acute respiratory distress syndrome network; IQR: interquartile range; NA: not available; P-T: pressure-time; P-V: pressure-volume;

SD: standard deviation.

*This study included both COVID-19-related and non-COVID-19-related ARDS.



Figure 1

Pressure-time curve during a low-flow insufflation in a patient with airway closure (Patient #10).
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At the beginning of the insufflation, airway pressure (Pa.y) increases rapidly from 0 cmH,O to the
inflexion point (5.4 cmH>O, corresponding to the AOP) while only a small part of tidal volume is
delivered (13 mL). The very low compliance of this short period (calculate as the change in volume
divided by the change in airway pressure) corresponds to the circuit compliance (generally less than 5
mL/cmH>0). In this example, the circuit compliance is 13/5.4 = 2.4 mL/cmH,O. When airway

pressure exceeds the AOP, compliance suddenly increases in relation with alveolar inflation.



List of abbreviations

AOP
ARDS
COVID-19
IQR
P,0,/F0,

PEEP

Airway opening pressure

Acute respiratory distress syndrome

Coronavirus disease 2019

Interquartile range

partial pressure of oxygen to inspired oxygen fraction

Positive end-expiratory pressure





