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Partitioning Mechanical Ventilator Duration in
COVID-19–related Acute Respiratory Distress
Syndrome

To the Editor:

Coronavirus disease (COVID-19)-related acute respiratory distress
syndrome (C-ARDS) is believed to be associated with prolonged
mechanical ventilation (MV) (1), unlike non–severe acute
respiratory syndrome coronavirus 2 (non–SARS-CoV-2) viral
ARDS (NC-ARDS) (2), possibly because of weaning difficulty or
unreadiness (too early to wean). To compareMV duration and its
partitions (weaning unreadiness: from intubation to weaning start;
weaning phase: from weaning start to successfully weaned) between
C-ARDS and NC-ARDS, we conducted an observational study to
assess probabilities of startingMVweaning and of being successfully
weaned over time, using a multistate approach (3). Some data of the
present cohort were reported in a previous study on ventilator-
associated pneumonia (VAP) (4).

Methods
Setting and patients. All patients referred to the medical ICU of a
French tertiary hospital between October 1, 2009, and April 29, 2020,
for viral ARDS requiringMV for.48 hours were included. ARDS
diagnosis satisfied the Berlin definition. Patients with C-ARDS were
those with ARDS and a positive SARS-CoV-2 PCR test result.
Patients with NC-ARDS had ARDS and a positive PCR test result for
other ARDS-causing respiratory viruses (4). This study was approved
by the institutional review board of the French Intensive Care
Medicine Society (Comit�e d’�ethique Soci�et�e de R�eanimation de
Langue Française 20-45), and informed consent was waived.
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Figure 1. (A) Patient characteristics and (B) stacked predicted probabilities of state transition in patients with viral acute respiratory distress
syndrome (ARDS), according to coronavirus disease (COVID-19) status. Values at the left of the stacked bars represent statistically significant
P values. BMI=body mass index; C-ARDS=COVID-19–related ARDS; COPD=chronic obstructive pulmonary disease; ECMO=extracorporeal
membrane oxygenation; MV=mechanical ventilation; NC-ARDS=non–COVID-19 related ARDS; NDA=number of days alive; SAPS II = Simplified
Acute Physiology Score II; SOFA=Sequential Organ Failure Assessment; VAP= ventilator-associated pneumonia.
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MV and weaning. Patients with ARDS receivedMV following a
standardized protective ventilation strategy, as well as rescue therapies
following the national guidelines (5). The nurse-driven sedation and
weaning protocols did not significantly change over the study period.
Classical weaning readiness criteria were checked in our routine daily
practice. Criteria of spontaneous breathing trial (SBT) failure were
those recommended in international guidelines (6). Once they
succeeded in the trial, patients were extubated if cough and alertness
were deemed adequate (6). Weaning start and success were defined as
perWIND (Weaning Outcome according to a NewDefinition)
criteria (7). Start of weaning implies any kind of separation attempt
fromMV: for intubated patients, an SBT with or without extubation,
or an extubation directly performed without identified SBT; for
tracheotomized patients, one or several consecutive days with
spontaneous nonmechanical ventilation through tracheostomy.
Patients were followed up until Day 90 after ICU admission.

Statistical analysis. The sample size was not calculated a
priori; we considered the number of patients treated during the
study period instead. Results are reported as median and
interquartile range (25th–75th percentiles) or numbers with
percentages. Initial bivariate comparisons were conducted using
x2 or Fisher exact tests for categorical data and Mann-Whitney
U test for continuous data. The primary endpoint analysis
compared ventilation duration (until Day 90 after ICU

admission) and its components (weaning unreadiness phase and
weaning phase) between patients with C-ARDS and NC-ARDS
using multistate models. As the risk of prolonged ventilation
accrues over time of survival, death was deemed a competing risk
for MV weaning. Univariate and multivariable multistate models
were built for transition between weaning unreadiness, MV
weaning, successfully weaned, and death, the competing risk.
Cause-specific hazard regression models were then introduced
to study the potential impact of factors on each transition
hazard. Proportional hazards assumption for the covariate was
evaluated, and a time-dependent correction coefficient was
applied wherever appropriate (8). In the sensitivity analysis,
weaning start was defined as the switch to pressure-support
ventilation mode with FIO2

< 50% and positive end-expiratory
pressure, 8 cm H2O.

Stacked prediction probabilities of transitions were plotted.
Multistate analysis was performed using R 3.1.2 packagemstate (9)
(R Foundation for Statistical Computing). The other analyses were
conducted on SPSS Base 21.0 statistics software package (SPSS Inc.).
Two-sided P values, 0.05 were considered significant.

Results
Patients and outcomes. Ninety patients with C-ARDS and 82
patients with NC-ARDS (influenza [n=48], respiratory syncytial

Table 1. Statistically Significant Factors as Shown by Univariate and Multivariable Analysis of Transitions during Mechanical
Ventilation in Patients with Viral Acute Respiratory Distress Syndrome

Variable

Transition from Weaning
Unreadiness to Weaning

Transition from MV
Weaning to Weaned

Univariate* Multivariable Univariate* Multivariable

C-ARDS† 0.56 (0.45–0.69); P,0.001 0.42 (0.27–0.67);
P=0.0002

0.71 (0.58–0.86); P, 0.001 NS

Immunosuppression 1.07 (1.02–1.13); P=0.009 NS NS —
SAPS II score 1.01 (1.00–1.02); P=0.02 NS NS —
Bacterial coinfection† NS — 1.07 (1.02–1.13); P=0.006 NS
Antiviral treatment‡ 0.76 (0.58–0.99); P=0.05 NS 0.64 (0.48–0.86); P=0.003 NS
Steroids at admission 1.66 (1.08–2.55); P=0.02 NS 0.45 (0.28–0.73); P=0.001 NS
Steroids in ICU NS — 0.36 (0.24–0.55); P, 0.001 0.47 (0.27–0.79);

P=0.005
VAP 0.61 (0.49–0.77); P,0.001 0.58 (0.38–0.89);

P=0.01
0.46 (0.35–0.61); P, 0.001 0.5 (0.37–0.68);

P,0.001
Prone positioning† 0.41 (0.31–0.54); P,0.001 0.62 (0.44–0.87);

P=0.005
0.52 (0.4–0.68); P, 0.001 NS

Neuromuscular
blockers in ICU

0.52 (0.36–0.75); P=0.0004 NS 0.54 (0.36–0.81); P=0.003 NS

ECMO† 0.79 (0.7–0.88); P, 0.001 0.82 (0.73–0.93);
P=0.002

0.91 (0.84–0.99); P=0.03 NS

RRT 0.5 (0.33–0.75); P=0.0008 NS 0.58 (0.37–0.92); P=0.02 NS
Shock† 0.63 (0.47–0.85); P=0.002 NS 0.54 (0.4–0.74); P=0.0001 NS

Definition of abbreviations: C-ARDS=coronavirus disease–related acute respiratory distress syndrome; ECMO=extracorporeal membrane
oxygenation; MV=mechanical ventilation; NS=not significant; RRT= renal replacement therapy; SAPS II =Simplified Acute Physiology Score II;
VAP=ventilator-associated pneumonia.
Data are presented as hazard ratio (95% confidence interval); P value. — indicates not included in multivariable analysis (not significant in
univariate analysis).
*The following variables did not reach statistical significance in univariate analysis for the two transitions: male sex, age, chronic obstructive
pulmonary disease, Charlson score (without age), McCabe score, diabetes, cardiac failure, atrial fibrillation, hypertension, chronic renal failure,
chronic renal replacement therapy, stroke, cirrhosis (Child C), smoking, shock at ICU admission, antibiotics at ICU admission, nitric oxide,
Sequential Organ Failure Assessment score at ICU admission, creatinine at ICU admission, and PaO2

/FIO2
ratio at Day 1.

†Correction for nonproportional hazard.
‡Including oseltamivir/zanamivir, remdesivir, lopinavir/ritonavir, or hydroxychloroquine.
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virus [n=15], influenza–respiratory syncytial virus coinfection
[n=2], endemic human coronavirus [n=5], metapneumovirus
[n=5], parainfluenza [n=5], and adenovirus [n=2]) were included.
At admission, bacterial coinfection was evidenced in 14 (16%)
patients with C-ARDS and 39 (47%) patients with NC-ARDS (24 had
influenza, and 15 had other viruses). Patients with C-ARDS,
compared with NC-ARDS, showed longer intubation-to–weaning
start intervals (16.0 [10.0–29.0] vs. 6.0 [4.0–10.0] d; P, 0.001) and
intubation-to–successful weaning intervals (20.0 [13.0–43.0] vs. 9.0
[5.2–15.0] d; P, 0.001) and were often tracheostomized (14 [15.6%]
vs. 4 [4.9%]; P=0.02). Both groups had similar weaning
start–to–successful weaning time (2.0 [1.0–9.0] vs. 2.0 [1.0–4.0] d;
P=0.5) (Figure 1). Patients with C-ARDS lived fewer days without
MV than those with NC-ARDS, at Day 60 and Day 90: 7.0 [0–42.0]
vs. 43.0 [0–52.0] d; P=0.0001; and 37.0 [0–72.0] vs. 73.0 [0–82.0] d;
P=0.003, respectively. ICU length of stay was longer in C-ARDS
survivors (30 [19–45] vs. 15 [10–20] d; P, 0.001), whereas Day 90
mortality was similar in both groups (36 [40%] in C-ARDS vs. 28
[34%)] in NC-ARDS; P=0.4).

Multistate analysis. Stacked predicted probabilities of
transitions in mechanically ventilated patients with viral ARDS are
displayed in Figure 1. The probability of transition from weaning
unreadiness to MVweaning was lower in patients with C-ARDS than
in those with NC-ARDS, whereas the transition probability fromMV
weaning to successfully weaned was similar. In the multivariable
analysis, C-ARDS was independently associated with a reduced
likelihood of weaning unreadiness–to–MVweaning transition,
hence the prolonged weaning unreadiness, together with higher
VAP, use of proning, and extracorporeal membrane oxygenation
(Table 1). Factors independently associated with a reduced likelihood
of MVweaning–to–successfully weaned transition were VAP and
corticosteroid use in the ICU (Table 1). In the sensitivity analysis,
where switch to pressure support representedMVweaning start,
C-ARDS was independently associated with a reduced likelihood
of weaning unreadiness–to–MVweaning but not MV
weaning–to–successfully weaned. Such associations persisted
even upon forcing age and chronic obstructive pulmonary disease
into the multivariable model or keeping oseltamivir/zanamivir as the
only antiviral treatment or removing antiviral treatment from
the model.

Discussion
In this study, we have evidenced that patients with C-ARDS
endured a longer MV duration and a lower likelihood of
transition from weaning unreadiness to MV weaning than
patients with NC-ARDS.

The prolongedMVwe observed in C-ARDS is consistent with
multicenter cohort results (1). During C-ARDS, the uncontrolled
innate and impaired adaptive immune responses may impede
recovery of lung injury (10) and trigger VAP (4), which jeopardizes
weaning readiness. Other factors potentially involved in prolonging
C-ARDS dependence on artificial ventilation include progressing
fibrosis of lung injury and persistent abnormally high respiratory
drive (11), which hinders switching to partial ventilatory mode. This
prolongation could also in part be explained by the different
managements of C-ARDS (e.g., higher doses of sedation or paralysis
given independently of case severity).

Our study strength comes from the detailed characterization
of weaning readiness and successfulness and the use of

multivariable multistate models to properly partition MV
duration. The study limitations include its monocentric design,
limited sample size, and long duration (time between inclusion
of patients with NC-ARDS and C-ARDS), with probable
adaptations of ventilation care (e.g., less experienced bedside
staff during COVID-19 pandemic). Moreover, missing values
precluded the inclusion of neuromuscular blocking duration in
the final model. Our seminal partition of MV into weaning
unreadiness and weaning phases may require external validation,
although the same effects of C-ARDS on transition from weaning
unreadiness to MV weaning, and from MV weaning to
successfully weaned, were observed upon considering earlier MV
weaning start.

In conclusion, we have observed that the prolongedMV
duration in patients with C-ARDS, compared with NC-ARDS, is
related to weaning unreadiness rather than to weaning prolongation.
Further research should be focused on factors hastening COVID-19
healing in patients onMV.�
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Can Breathing Pattern Assessment Predict the Need
of Ventilatory Support in Treated Infants with Spinal
Muscular Atrophy Type 1?

To the Editor:

Spinal muscular atrophy type 1 (SMA1) is a severe neuromuscular
condition caused by deletions and/or mutations in the SMN1
(survival motor neuron 1) gene resulting in insufficient
concentrations of the SMN protein. This leads to subsequent loss of
motor neurons in the brainstem and spinal cord, muscle atrophy and
weakness, and progressive bulbar and respiratory impairment (1).
Over the past 5 years, the natural history of SMA1 has achieved a
breakthrough with the approval of three SMN-enhancing treatments,
the antisense oligonucleotide nusinersen (2), the gene replacement
therapy onasemnogene abeparvovec-xioi (3), and the small molecule
risdiplam (4). These treatments have changed the natural history of
SMA1, enabling treated patients to experience unexpected motor
milestones, like sitting and standing, and increased survival. However,
much less is known about the potential effects of these medications

on respiratory function, a critical aspect in the management of SMA1
children, as respiratory support is still a crucial requirement in many
patients. The indication to start ventilatory support in SMA is based
on consensus from experts (5). Guidelines are often based on clinical
rather than quantitative assessments. Assisted airway clearance and
respiratory therapy are recommended to be introduced proactively
based on either clinical assessment of cough effectiveness or by
measuring peak cough flow, a test not feasible in infants. Similarly, it
is recommended to start noninvasive ventilation (NIV) in all
symptomatic infants, and in nonsitters, before signs of respiratory
failure to prevent acute-onset respiratory failure, to prevent and/or
minimize chest wall distortion, and to palliate dyspnea. Sleep studies
are used to detect sleep-disordered breathing/hypoventilation, as a
trigger to initiate NIV. However, hypoventilation may only become
obvious at a later stage in some infants with SMA1, and NIV is more
likely to be initiated based on other clinical parameters like acute and/
or recurrent chest infections, increased work of breathing (which is
usually estimated, but not measured), poor weight gain, and chest
deformity. Objective measures of respiratory function, such as
spirometry and peak cough flow, or other invasive techniques like
transdiaphragmatic pressure measurements, are not feasible in young
children with SMA1.

In previous studies, LoMauro and colleagues have reported
that optoelectronic plethysmography (OEP) is a reliable technique
to detect the respiratory pattern during quiet breathing even in
uncooperative infants with SMA1 (6). The OEP captured significant
differences in respiratory rate and VT in the untreated control
group compared with treated SMA1 children (i.e., untreated
controls had worse rapid and shallow breathing index). In addition,
it demonstrated the effects of nusinersen on the percentage
contribution of the ribcage to VT (%DVRC,P) in the treated SMA1C
(the less severe end of the spectrum), which resulted in a reduced
bell-shaped chest index (7) and daily hours of mechanical
ventilation, whereas there was no difference between more severely
affected patients and the untreated control group (8). More
recently, Edel and colleagues have developed a clinical respiratory
score, the Great Ormond Street Respiratory (GSR) score, based on
airway clearance and noninvasive ventilation requirements.
The GSR score was shown to differentiate different subtypes of
SMA1 over the course of nusinersen treatment, hence useful in
monitoring the effects (of treatment) on respiratory function (9).

In the present study, we aimed to investigate if the analysis of
spontaneous breathing pattern at rest might provide objective
parameters to indicate the need of respiratory support, in a previously
described cohort of children with SMA1 (8).

The breathing pattern at rest in supine position had been
previously assessed on 27 children with SMA1 (median age,
1.7 yr) through OEP after 1 year of being on nusinersen
treatment (8). The GSR score was retrospectively computed at
the same time point and used to identify two groups: 10 stable
children requiring minimal respiratory support (GSR< 15), and
17 with higher requirements for assisted airway clearance and
ventilatory support (GSR. 15). Age was similar between the two
groups, therefore excluding a developmental component as
potential confounder. Children needing higher respiratory
support also had lower motor function scores (as assessed by
the Children’s Hospital of Philadelphia Infant Test of
Neuromuscular Disorders scale), and rapid, shallow, and
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