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BACKGROUND: Patients with ARDS due to COVID-19 may require tracheostomy and transfer to
a weaning center. To date, data on the outcome of these patients are scarce. The objectives of this
study were to determine the factors associated with time to decannulation and limb-muscle strength
recovery. METHODS: This was an observational retrospective study of subjects with COVID-
19-related ARDS requiring tracheostomy after prolonged ventilation, who were subsequently
transferred to a weaning center from April 4, 2020-May 30, 2020. RESULTS: Forty-three sub-
jects were included. Median age (interquartile range) was 61 (48-66) y; 81% were men, and me-
dian body mass index (BMI) was 30 (26-35) kg/m”. Tracheostomy was performed after a median
of 19 (12-27) d of mechanical ventilation, and the median ICU length of stay prior to transfer to
the weaning center was 30 (21-46) d. On admission to the weaning center, the median Medical
Research Council (MRC) score was 36 (27-44). Time to decannulation was 9 (7-18) d after
admission to the weaning center. The only factor independently associated with early decannula-
tion was the MRC score on admission to the weaning center (odds ratio 1.16 [95% CI 1.06-
1.31], P = .005). Two factors were independently associated with MRC gain = 10: BMI (odds
ratio 0.88 [95% CI 0.76-0.99], P = .045) and MRC on admission (odds ratio 0.91 [95% CI 0.82-
0.98], P = .03. Three months after admission to the weaning center, 40 subjects (93%) were
weaned from mechanical ventilation and 36 (84%) had returned home. CONCLUSIONS: MRC
score at weaning center admission predicted both early decannulation and limb-muscle strength
recovery. Key words: COVID-19; acute respiratory distress;, weaning ventilation; tracheostomy.
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Introduction

Among patients hospitalized for coronavirus disease
2019 (COVID-19), 15-22% require transfer to the ICU.
Eighty percent of patients in this population require inva-
sive mechanical ventilation,'® and most of them meet the
criteria of ARDS. The median duration of mechanical ven-
tilation among survivors is 10-16 d** with a median ICU
length of stay of 16 d.*

This prolonged duration of mechanical ventilation
may induce chronic critical illness, including loss of
muscle strength, persistent ventilator dependence, and
extubation failure.”® These clinical features are not
uncommon in patients with COVID-19.° The ICU length
of stay is increased in this subgroup, which is potentially
responsible for decreased availability of ICU beds, possi-
bly leading to ICU saturation, which can constitute a
major problem in the context of a pandemic. For these
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various reasons, and also because of heterogeneous local
practices, some patients may require tracheostomy.
Recent cohort studies in subjects with COVID-19 report
tracheostomy rates ranging from 9-50%, depending on
ICU resources and country.*'®!" Due to the complex
management of weaning in tracheostomized patients af-
ter ARDS, and also due to ICU-acquired weakness, some
of these individuals are ultimately managed in a weaning
and rehabilitation center.'*!?

The prognostic factors associated with ICU survival in
patients with COVID-19-related ARDS have now been
well described, but only limited data are available on the
duration of weaning and the recovery of ICU-acquired
weakness in this patient population, who required trache-
ostomy and who were finally transferred to a weaning
center.'* A better understanding of these key recovery
outcomes may improve the quality of triage and manage-
ment decisions.
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In this article, we report our experience on trajectory of
tracheostomized subjects admitted to a weaning center fol-
lowing COVID-19—related ARDS. The primary objective
was to identify factors associated with early decannulation.
Our secondary objective was to identify the trajectory of
limb-muscle strength recovery and associated factors. We
hypothesized that Medical Research Council (MRC) score
at weaning center admission was associated with both
weaning and rehabilitation outcomes. We also described
the outcomes of these subjects 3 months after admission to
the weaning center.

Methods
Design and Settings

This retrospective observational cohort study was carried
out in a 12-bed weaning center in Paris, France. The wean-
ing center is part of the medical ICU and Respiratory
Division, located in a 1,600-bed university hospital. There
are 3 weaning centers in the greater Paris area. This wean-
ing center (about 200 admission per year) is devoted to
weaning from mechanical ventilation, decannulation,
refeeding, motor rehabilitation, and global management of
chronic critical illness. Patients receive adapted nutritional
care provided by a dedicated dietitian. Several physiothera-
pists equipped with specific tools work daily to promote
early mobilization of patients admitted from ICUs with
persistent ventilator dependence and ICU-acquired weak-
ness. Therefore, these patients simultaneously receive mus-
cle rehabilitation and progressive ventilator weaning.
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Current knowledge

In France, 10% of patients with coronavirus disease 2019
(COVID-19)-related ARDS will require tracheostomy
and weaning center admission. France is currently facing
its fourth epidemic wave, but no data exist on the man-
agement and outcomes of these patients after admission
to specialized weaning centers. More specifically, there
are not data on factors associated with time to decannula-
tion and limb-muscle strength recovery of patients with
COVID-19-related ARDS requiring tracheostomy.

What this paper contributes to our knowledge

Three months after weaning center admission, 93% of
subjects was weaned from mechanical ventilation and
84% of subjects had returned home. Medical Research
Council (MRC) score on weaning center admission
predicted early decannulation, whereas body mass
index and MRC on weaning center admission predicted
limb-muscle strength recovery

Mechanical ventilation weaning was defined as the first
day of definitive withdrawal without reconnection in the
ventilator. Figure S1 describes the mechanical ventilation
weaning protocol, and Figure S2 (see related supplemen-
tary materials at http://www.rcjournal.com) describes the
decannulation protocol used in this unit.

This study was approved by the Sorbonne University
Ethics Committee (CER-SU 2020-96), and subjects or their
relatives gave their informed consent. Reporting of this
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retrospective  study  followed the guidelines for
Strengthening the Reporting of Observational Studies in
Epidemiology Statement.

Subject Selection. Subjects were included in the study if
they (1) had been invasively mechanically ventilated in an
ICU for laboratory-confirmed SARS-CoV-2-related ARDS
according to the Berlin definition,"” (2) had been tracheos-
tomized during their ICU stay, and (3) were transferred to
the La Pitié-Salpétriere Hospital weaning center between
April 4, 2020-May 30, 2020. There were no exclusion cri-
teria; thus, all consecutive subjects admitted during the
study period were included. Laboratory confirmation of
SARS-CoV-2 was defined as positive real-time reverse
transcriptase-polymerase chain reaction assay of nasal and
pharyngeal swabs. Patients < 18 y old and pregnant women
were excluded.

Data Collection. Data were retrospectively analyzed from
the subjects’ electronic medical records. Demographic data
consisted of age, gender, body mass index (BMI), and under-
lying diseases, such as hypertension, diabetes, and immuno-
suppression (defined as neutropenia below 1,000/mm?,
malignancy treated by cancer chemotherapy, immuno-
suppressive therapy for solid-organ transplantation, cor-
ticosteroid therapy at doses of 20 mg or more per d for at
least 3 weeks, or acquired immunodeficiency syndrome).
The following data on the ICU stay were collected:
Simplified Acute Physiology Score (SAPS) II,'® blood
urea, and P,o /Fio, on admission. According to the Berlin
definition, severity of the ARDS was based on the lowest
P,0/Fio, during the first 24 h after intubation.” Adjunctive
therapy such as neuromuscular blockers and prone position-
ing, life support therapy such as extracorporeal membrane
oxygenation and renal replacement therapy, occurrence of
ventilator-associated pneumonia, duration of mechanical
ventilation prior to tracheostomy, and ICU length of stay
were also collected. Finally, we recorded the following data
on admission to the weaning center: SAPS IL'® weight
loss,"” Pyo/Fio,, blood urea, and albumin. Limb muscle
strength, as assessed by the MRC score, was measured on
admission to the weaning center and at discharge by trained
physiotherapists. Subjects did not receive any sedative drugs
and had to be able to cooperate. ICU-acquired weakness was
defined by an MRC score < 48 (19-20). Finally, the follow-
ing parameters were collected: time to decannulation, dura-
tion of mechanical ventilation, and weaning center length of
stay. Subjects were followed for a 3-month period from the
time of admission to the weaning center to determine predic-
tive factors of early decannulation and mortality.

Statistical Analysis. Data are expressed as number and per-
centage (1, %) for categorical variables and as median (inter-
quartile range) for continuous variables. Categorical variables
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were compared using the chi-square test or Fisher exact test,
and continuous variables were compared using the Mann-
Whitney test. All tests were 2 sided with a limit of signifi-
cance of 0.05. Multivariate logistic regression was used to
identify factors independently associated with early decannu-
lation, defined as a time from weaning center admission to
decannulation < 9 d (median time). Multivariate logistic
regression was also used to identify factors independently
associated with an increase of the MRC score = 10 points
during the weaning center stay.

The multivariate model was built with variables that
yielded P values < .20 on univariate analysis and/or
that were considered clinically relevant, except for SAPS 11
that was colinear with urea and age in the prediction model
of early decannulation and muscle strength recovery, respec-
tively. A backward stepwise selection procedure was per-
formed with an elimination process based on P values < .05.
Adjusted odds ratios of variables present in the final model
are presented with their 95% ClIs. All analyses were per-
formed with R software version 3.5.2 (R Foundation for
Statistical Computing, Vienna, Austria).

Results
Subject Characteristics

Figure 1 displays the study flow chart. Between March
15, 2020-May 1, 2020, 915 patients were hospitalized in
17 ICUs in the greater Paris area and needed invasive me-
chanical ventilation for an ARDS due to COVID-19.
Among these 915 patients, 110 (12%) required tracheos-
tomy. Among these 110 tracheotomized patients with
COVID-19 ARDS, 43 subjects (39%) were transferred to
our weaning center. The main subject characteristics are
detailed in Table 1. Median age was 61 (48-66) y; 35
(81%) subjects were male, and median BMI was 30 (26—
35) kg/m?. Underlying conditions were hypertension in 24
subjects (56%), diabetes in 13 subjects (30%), and immu-
nosuppression in 9 subjects (21%). Median SAPS II on
ICU admission was 33 (27-43). ARDS was severe in 11
subjects (26%), moderate in 23 subjects (53%), and mild in
9 subjects (21%). Tracheostomy was performed after a me-
dian of 19 (12-27) d of invasive mechanical ventilation,
and the median ICU length of stay prior to transfer to the
weaning center was 30 (21-46) d (Fig. 2).

On admission to the weaning center, median P, /Fio,
was 256 (208-329) mm Hg. Median weight loss was 9
(5-12) kg compared to ICU admission, and median blood
albumin was 27 (24-31) g/L'. The median MRC score was
36 (27-44), and 31 (81%) subjects had ICU-acquired weak-
ness. Nine subjects (21%) presented signs of brachial
plexus injury related to prone position. At discharge of the
weaning center, 19 (44%) subjects still had post-ICU-
acquired weakness.
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Fig. 1. Flow chart. LOS = length of stay, LTAC = long-term acute care.

Time to Decannulation

The first deventilation session occurred 4 (2-8) d after
weaning center admission, and only 3 (7%) subjects were
deventilated for the first time in intensive care before wean-
ing center transfer. The median time to decannulation was 9
(7-18) d after admission in weaning center. The total trache-
ostomy time was 20 (13-33) d. Table 1 shows the factors
associated with early decannulation identified by univariate
analysis. The only factor identified by multivariate analysis
to be independently associated with early decannulation was
the MRC score on admission to the weaning center (odds ra-
tio 1.16 [95% CI 1.06-1.30], P = .005).

Gain of MRC Score

The median MRC score at the time of discharge from the
weaning center was 48 (43-53) and was established in only
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40 patients because of MRC information was missing for 3
patients. The median gain in MRC score during the wean-
ing center stay was 10 (4—16). Table 2 shows the factors
associated with = 10-point gain in MRC score identified
by univariate analysis. Multivariate logistic regression anal-
ysis identified 2 factors independently associated with
= 10-point gain in MRC score: BMI (odds ratio 0.88 [95%
CI 0.76-0.99], P = .045) and MRC score on admission to
the weaning center (odds ratio 0.91 [95% CI 0.82-0.98],
P =.03).

More details on multivariate prediction models are
provided in the electronic supplement (see related sup-
plementary materials at http://www.rcjournal.com).

Subject Outcome

The median stay in the weaning center was 13 (10—
21) d, and the total length of stay from ICU admission to
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Table 1.  Subject Characteristics and Factors Associated With Time to Decannulation

All Subjects Time to Time to
(N = 43) Decannulation < 9 d Decannulation =9 d P
(n=21) (n=22)
Subject characteristics
Age,y 61 (48-66) 59 (48-66) 64 (49-68) .40
Gender, male 35 (81) 19 (90) 16 (72) 24
BMI, kg/m* 30 (26-35) 30 (27-35) 29 (24-34) 22
Hypertension 24 (56) 11 (52) 13 (59) 54
Diabetes 13 (30) 6(29) 6 (27) 92
Immunodepression 9(21) 3 (14) 6 (27) 45
Chronic cardiac disease 10 (23) 4(19) 6 (27) 72
Chronic respiratory disease 3(7) 0 3(14) 23
ICU length of stay
Time to intubation, d 1(1-1) 1(1-1) 1(1-1.2) 42
Standard O, preoxygenation, % 32 (74) 18 (86) 14 (64) .10
SAPS 1II score 33 (27-43) 32 (27-39) 34 (28-44) 45
Urea (mmol/L) 8.8 (5.7-16.5) 7.2 (5.3-14.2) 11.7 (5.9-21.5) 12
P.0,/Fio,, first 24 h, mm Hg 126 (97-157) 135 (105-167) 117 (77-156) .38
ARDS Berlin criteria
Severe 11 (26) 3 (14) 8 (36) .16
Moderate 23 (53) 14 (67) 9 (41) 35
Mild 921 4(19) 5(23) > .99
Adjunctive therapy
Neuromuscular blockers 42 (98) 21 (100) 21 (95) > .99
Prone positioning 35 (81) 17 (81) 18 (82) > .99
Prone positioning sessions, no. 4 (1-7) 4 (1-7) 3(1-5) .93
Life support therapy
ECMO 3 (6) 209 1(4) .61
RRT 921 209 7(32) 13
VAP 41 (95) 19 (90) 22 (100) 23
VAP events, no. 1(1-2) 1(1-2) 1(1-2) .67
Duration of ventilation prior to tracheostomy, d 19 (12-27) 18 (12-22) 20 (13-32) 42
ICU length of stay, d 30 (21-46) 27 (20-44) 35 (23-47) 43
On weaning center admission
SAPS 1T 27 (23-34) 23 (20-29) 29 (25-37) .050
Weight loss, kg 9 (5-12) 9 (7-14) 8 (5-10) .20
P.0,/Fio,, first 24 h, mm Hg 256 (208-329) 267 (222-339) 250 (195-270) .39
Delirium 30 (70) 14 (67) 16 (72) 74
Albumin, g/L 27 (24-31) 29 (25-31) 26 (23-28) .99
MRC score 36 (27-44) 43 (36-48) 29 (22-37) <.001
VAP events, no. 1(0-1) 0 (0-1) 1(0-1) .26
Brachial plexus injury 9 (21) 3(14) 6 (27) 45

Continuous variables are expressed as median (interquartile range) and categorical variables are expressed as n (%).

BMI = body mass index

SAPS 1I = Simplified Acute Physiology Score II
ECMO = extracorporeal membrane oxygenation
RRT = renal replacement therapy

VAP = ventilator-acquired pneumonia

MRC = Medical Research Council

weaning center discharge was 44 (33-65) d. Three
months after admission to the weaning center, 36 sub-
jects (84%) had returned home, including one subject
who still required noninvasive ventilation due to preex-
isting obesity hypoventilation syndrome. Six subjects
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(14%) remained hospitalized, 2 in the weaning center, 2
in a neurological long-term acute care facility, and
2 in an in-patient rehabilitation unit. Two of these 6 sub-
jects were still tracheostomized, but had been weaned
from mechanical ventilation, and 2 required nocturnal
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Fig. 2. Subject outcomes: 3-month period after admission to the weaning center.

noninvasive ventilation due to persistent diaphragmatic
dysfunction. One subject (2%) died after return to ICU.

Discussion

The main results of the study can be summarized as
follows. In tracheostomized subjects with COVID-19
ARDS admitted to a weaning center, (1) decannulation
was able to be successfully performed in 50% of cases
during the first 9 days following admission, and time of
decannulation was strongly influenced by the MRC score
at admission; (2) despite a high rate of ICU-acquired
weakness, half the subjects gained more than 10 MRC
points during their weaning center stay, and this
improvement was dependent on BMI and MRC score at
admission; and (3) 3 months after weaning center admis-
sion, the vast majority of subjects had returned home.

Time to Decannulation

In this study, the median total duration of tracheostomy
was 13 d (9 d from weaning center admission) with a me-
dian interval between intubation and decannulation of 43 d.
These results are consistent with those reported by other
authors in subjects with COVID-19-related ARDS requir-
ing tracheostomy.'* However, this duration of tracheostomy
or time to decannulation is shorter than that commonly
observed in usual weaning centers patients, for which the
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median duration of tracheostomy is about one month.'®%°
There are various possible explanations for this finding.
First, the median age in our study was 10 years younger
than that usually reported in subjects hospitalized in other
weaning centers.'®**** Second, subjects with COVID-19
ARDS appeared to present fewer respiratory comorbidities
(such as COPD) than non—-COVID-19 subjects.?'** Third,
as sepsis is a major risk factor for ICU-acquired limb mus-
cle and diaphragm weakness, the low prevalence of septic
shock on ICU admission in subjects with COVID-19
ARDS may partly explain the low prevalence and severity
of respiratory and limb muscle weakness, 2 major determi-
nants of weaning success.”**?’ The neuromuscular conse-
quences could be less severe or may resolve more rapidly
in sepsis-free subjects with ARDS. Finally, a recruitment
bias was related to the need for high ICU patient turnover,
resulting in tracheostomy of individuals who, under normal
circumstances, would have been successfully weaned with-
out tracheostomy. It is noteworthy that the tracheostomy
was able to be permanently removed in the vast majority of
subjects.

The MRC score at the time of admission to the weaning
center was the only factor independently associated with
time to decannulation. A positive correlation is observed
between limb muscle and respiratory muscle strength,
which means that patients with adequate muscle strength
are more likely to have adequate respiratory muscle
strength, a major determinant of weaning success.”’

RESPIRATORY CARE ® AUGUST 2022 VoL 67 No 8
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Table 2.  Univariate Analysis: Gain of Medical Research Council Score During Weaning Center Stay
AMRC < 10 AMRC = 10 P
(n=19) (n=21)
Subject characteristics
Age,y 65 (54-68) 54 (44-63) .07
Male 15 (79) 19 (90) .37
Hypertension 13 (68) 9 (43) .10
Diabetes 7@(37) 3(14) 14
BM]I, kg/m* 31 (28-37) 27 (25-33) .060
Immunodepression 3(16) 5(24) .70
Chronic cardiac disease 5(26) 3(14) 44
Chronic respiratory disease 0 3 (14) 23
ICU stay
SAPS II score 34 (28-44) 32 (26-37) 54
Urea, mmol/L 6.8 (5.1-14.1) 11.1 (6.4-18.6) 13
P.0,/Fro,, first 24 h, mm Hg 126 (98-143) 140 (108-155) .55
ARDS Berlin criteria
Severe 5(26) 5(24) > .99
Moderate 10 (53) 12 (57) > .99
Mild 421 4(19) > .99
Adjunctive therapy
Neuromuscular blockers 19 (100) 20 (95) > .99
Prone positioning
Prone positioning sessions, no. 4(2-9) 3 (1-5) 24
Life support therapy
ECMO 2 (10) 1(4) .60
RRT 0 0 (0-1) 24
VAP
VAP events, no. 1(1-2.5) 1(1-2) .39
Time from mechanical ventilation 22 (12-34) 15 (13-22) 25
start to tracheostomy, d
ICU length of stay, d 41 (21-55) 27 (20-34) 18
On admission to the weaning center
SAPS I 24 (20-32) 28 (23-35) 32
Weight loss, kg 9 (7-12) 9 (5-12) 95
P.0,/Fio,, during first 24 h, mm Hg 258 (208-367) 255 (223-314) .81
Delirium 13 (68) 16 (76) 58
Albumin, g/L 27 (25-31) 26 (24-28) 46
MRC score 42 (32-47) 35 (24-40) .07
Brachial plexus injury 6 (32) 3(14) .26

Continuous variables are expressed as median (interquartile range) and categorical variables are expressed as n (%).

MRC = Medical Research Council

AMRC = gain of Medical Research Council score
BMI = body mass index

SAPS II = Simplified Acute Physiology Score II
ECMO = extracorporeal membrane oxygenation
RRT = renal replacement therapy

VAP = ventilator-acquired pneumonia

However, decannulation also requires adequate cough,?*?

and ICU-acquired weakness is associated with weak
cough.® In addition, ICU-acquired weakness induces bed
rest, which, in turn, promotes atelectasis and hospital-
acquired infections including pneumonia,*"** thus contrib-
uting to the vicious circle of prolonged mechanical
ventilation.
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Higher BMI was associated with lower chance of 10-
point MRC gain during the weaning center stay. To the
best of our knowledge, this association has never been
investigated in the weaning unit setting, but this finding
could be put in relation with the muscular dysfunction
observed in obese patients (eg, reduced mobility, neural
adaptations, and changes in muscle morphology)** or by
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the presence of sarcopenic obesity®® in some patients. In
other settings, obesity is associated with accelerated
muscle strength decline in men®* and functional decline
in older adults,™ whereas sarcopenic obesity has been
demonstrated to negatively affect poststroke rehabilita-
tion outcome.*®

Subject Outcomes

Three months after admission to the weaning center,
93% of subjects were weaned from mechanical ventilation;
98% were alive, and 84% had returned home. To the best
of our knowledge, this is the first study to provide a detailed
description of the outcome and discharge disposition of tra-
cheostomized COVID-19 ICU survivors. The 3-month
mortality rate was much lower in our cohort compared to
patients in other weaning centers, who were tracheotomized
for reasons other than COVID-19 (2% vs 30%).*7*
Similarly, Unroe et al*’ showed that only 10% of subjects
had returned home without paid home health care at 3
months.

In the light of these favorable outcomes, tracheostomy
should not be discouraged in patients with COVID-19-
related ARDS presenting weaning difficulties or extuba-
tion failure. Weaning unit length of stay is also usually
longer (about 40-50 d) for patients requiring tracheos-
tomy for other causes than COVID-19'"?'37-% than that
observed in subjects with COVID-19 (13 d). This shorter
stay suggests more rapid turnover of patients with
COVID-19 in weaning centers, which is of critical im-
portance in the pandemic setting.

Finally, half the subjects gained > 10 points in the
MRC score during their weaning center stay. Although
no specific data are available concerning the minimal
clinically important difference of MRC score in post-
ICU units, a 10-point gain can be considered to be of
practical significance and roughly corresponds to a one-
point increase in each lower-extremity muscle group.
However, in terms of absolute MRC values, it should be
noted that ICU-acquired weakness (defined by an MRC
score < 48) had not resolved in 50% of subjects at the
time of weaning center discharge. Limb muscle weak-
ness justified transfer from the weaning center to an in-
patient rehabilitation unit for a great majority of subjects,
emphasizing the fact that patients with severe COVID-19
experience a prolonged negative impact on limb muscle
strength, which could be effectively managed in struc-
tured care networks.

Limitations
Our study comprises several methodological limitations.

First, this study was single-center, but the vast disparity in
weaning and decannulation protocol across the 3 weaning

974

centers of the greater Paris area precluded any multi-center
design. Second, this was a retrospective study, which
involves a potential bias in patient selection or data collec-
tion, but our prefilled electronic record limited erroneous or
missing data. The study was geographically confined to
Paris, which limits its generalizability to other weaning
centers in France and in other countries. Third, we did not
collect scores assessing quality of life or the degree of func-
tional dependence 3 months after weaning center admis-
sion. Finally, our study is probably underpowered to
identify other variables associated with the outcomes due to
the small sample size of our cohort.

Conclusions

MRC score at weaning center admission was an inde-
pendent predictor of early decannulation and limb-muscle
strength recovery in subjects with COVID-19 who required
tracheostomy. Moreover, 3 months after admission to a
weaning center, 84% of subjects were alive and had
returned home, a much higher rate than that commonly
observed in usual weaning center patients. The stay in the
weaning center was also shorter. These results suggest that
the outcome of these severe and/or complicated forms of
COVID-19-related ARDS requiring prolonged ICU stays
and mechanical ventilation could be less severe than ini-
tially feared. In the uncertain and anxiety-prone setting of
the COVID-19 pandemic, these results may be encourag-
ing. However, these favorable outcomes are related spe-
cifically to COVID-19 ARDS and cannot be extrapolated
to usual ICU population.
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