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Background & aims: Sarcopenia, a loss of muscle mass, quality and function, which is particularly evident
in respiratory muscles, has been associated with many clinical adverse outcomes. In this study, we aimed
at evaluating the role of reduced muscle mass and quality in predicting ventilation weaning, compli-
cations, length of intensive care unit (ICU) and of hospital stay and mortality in patients admitted to ICU
for SARS-CoV-2-related pneumonia.
Methods: This was an observational study based on a review of medical records of all adult patients
admitted to the ICU of a tertiary hospital in Milan and intubated for SARS-CoV-2-related pneumonia
during the first wave of the COVID-19 pandemic. Muscle mass and quality measurement were retrieved
from routine thoracic CT scans, when sections passing through the first, second or third lumbar vertebra
were available.
Results: A total of 81 patients were enrolled. Muscle mass was associated with successful extubation (OR
1.02, 95% C.I. 1.00e1.03, p ¼ 0.017), shorter ICU stay (OR 0.97, 95% C.I. 0.95e0.99, p ¼ 0.03) and decreased
hospital mortality (HR 0.98, 95% C.I. 0.96e0.99, p ¼ 0.02). Muscle density was associated with successful
extubation (OR 1.07, 95% C.I. 1.01e1.14; p ¼ 0.02) and had an inverse association with the number of
complications in ICU (В �0.07, 95% C.I. �0.13 - �0.002, p ¼ 0.03), length of hospitalization (В �1.36, 95%
C.I. �2.21 - �0.51, p ¼ 0.002) and in-hospital mortality (HR 0.88, 95% C.I. 0.78e0.99, p ¼ 0.046).
Conclusions: Leveraging routine CT imaging to measure muscle mass and quality might constitute a
simple, inexpensive and powerful tool to predict survival and disease course in patients with COVID-19.
Preserving muscle mass during hospitalisation might have an adjuvant role in facilitating remission from
COVID-19.

© 2021 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.
1. Background

Severe acute respiratory virus coronavirus 2 (SARS-CoV-2)-
related disease (COVID-19) is currently widely diffuse around the
globe, posing a persisting and unprecedented challenge to na-
tional health care systems [1]. Although severe pulmonary
nd Advanced Care, IRCCS San Raff
.
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involvement is relatively uncommon during the course of COVID-
19 in the general population, patients requiring mechanical
ventilation (MV) and intensive care unit (ICU) admission might
still be numerically relevant since SARS-COV-2 is highly conta-
gious and shows a disproportionately high virulence in selected
vulnerable subjects, such as older people [2,3]. Identifying factors
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predicting delayed weaning from respiratory support and hos-
pital complications would optimise patients’ management and
reduce COVID-19-related mortality [4]. Unfortunately, classic
predictors of extubation are poorly performant in older people
[4e7]. Age-related modifications of the respiratory function (e.g.
reduction in lung elastic recoil, diminished chest wall compliance
and decreased vital capacity) [8] and sarcopenia in respiratory
muscles could account for an increased risk of extubation failure
in older people [5,9e11].

Sarcopenia is a progressive and generalised skeletal muscle
disorder characterized by a decrease of muscle quality, quantity and
function [12e16]. This process is particularly evident in respiratory
muscles [1,15] where it impairs the ability to produce appropriate
tidal volumes [17] and to perform high force expulsive airway
clearance manoeuvres [18]. Sarcopenia has been associated with
many clinical adverse outcomes [13,14,19e21], however only one
study has evaluated the association between reduced muscle mass
and extubation failure so far. This study included only 45 old sur-
gical patients [22]. Acute diseases can aggravate chronic sarcopenia
and prompt an acute muscle insufficiency even in young and
middle-aged people [13,23]. Acute sarcopenia has been demon-
strated in COVID-19 [24] patients but no study has yet tested a
potential association between muscle characteristics and extuba-
tion failure in COVID-19 patients.

The primary objective of this study was to evaluate the role of
muscle mass and quality in predicting ventilation weaning in pa-
tients with COVID-19 pneumonia admitted to ICU. As secondary
objectives, we tested the role of muscle mass and quality as pre-
dictors of ICU and hospital stay, complications in ICU, andmortality.
Finally, we analysed whether obesity and frailty could affect the
association between muscle characteristics and outcomes.

2. Materials and methods

In this observational study, we reviewed the medical records of
all adult patients (�18 years old) with COVID-19 pneumonia who
were admitted to the intensive care unit (ICU) of the San Raffaele
Hospital, Milan, Italy between 25th February2020 and 1stMay 2020.
Exclusion criteria were: i) chest computed tomography (CT) scan
images without sections passing through the lumbar vertebrae; ii)
low CT scan quality or presence or artefacts iii) no treatment with
MV. This study was part of the COVID-BioB protocol (NCT04318366)
[25] and was approved by the local Ethical Review Board. A con-
venience sample size was used due to the emergency setting of the
first wave of the COVID-19 pandemic. Post-hoc analyses were
eventually performed to assess statistical power. Demographic data,
comorbidities, medications, vital signs, laboratory values at hospital
admission, anthropometric parameters, SARS-CoV-2 real time po-
lymerase chain reaction (PCR) nasopharyngeal swab test results,
complications, length of ICU and hospital stay, extubation failure/
success, ICU readmission, tracheostomy, and mortality, were
extracted from the electronic patient data management system and
from medical records.

Muscle mass was derived from the muscle cross-sectional area
(CSA). Since muscle mass is closely related to body size, the ab-
solute level of muscle mass was adjusted for squared height
generating a skeletal muscle index (SMI) in cm/m2 [2]. Muscle
quality was assessed by measuring muscle density and inter
muscular adipose tissue (IMAT) from CT images at the lumbar
vertebral regions. Routine CT images obtained during hospitali-
zation were retrieved from the hospital Picture Archiving and
Communication System (PACS) and stored on a secure computer
system. The scans were analyzed by two trained radiology resi-
dents (EDG, ADP) supervised by a senior radiologist (GC) unaware
of patient outcomes, using Slice-O-matic version 5.0 software
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(TomoVision, Montreal, Quebec, Canada), as described previously
[26e28]. Skeletal muscle and abdominal adipose tissue areas
were quantified on single-slice CT scan at the level of the first,
second or third lumbar vertebra (L1, L2, L3). When available,
slices passing through L3 were preferentially chosen, since
muscle CSA has an optimal correlation with the whole-body
composition at that level [27]. Alternative levels (L1, L2) were
used in all other cases, based on their high overall accuracy
compared to L3-centred estimation of sarcopenia [25,28e35].
Specific tissue demarcation using predefined thresholds in
Hounsfield unit (HU), that is a radiological scale describing the
density of tissues on CT scans, was performed by image analysis
software. HU thresholds were set to �29 to þ150 for
muscle, �190 to �30 for intermuscular adipose tissue (IMAT) and
subcutaneous adipose tissue, and �150 to �50 for visceral adi-
pose tissue, according to the literature [36]. Tissue boundaries
were corrected manually as needed. Cross-sectional areas were
computed automatically by summing tissue pixels and multi-
plying by pixel surface area. Reduced muscle mass was defined
using predetermined sex-specific and vertebral-level specific cut-
off values [28]. Skeletal muscle density (SMD) was assessed by
the mean muscle attenuation of all muscle visible in the CT slice
analyzed, measured in HU [37]. Lower mean muscle attenuation
indicates less dense muscle tissue with more lipid infiltration, e.g.
lower SMD, while a higher mean muscle attenuation indicates
denser muscle tissue with less lipid infiltration, e.g. higher SMD
[37]. IMAT was assessed by identifying all visible adipose tissue
within muscle fascia in cm2 [28]. Cut-offs for skeletal muscle
radiation attenuation were defined according to vertebra levels
according to literature data [28].

To summarise and measure patient complexity, we also
created a Frailty Index (FI) by using the standardized criteria
described by Searle et al. [38]. The variables used to generate the
FI encompassed comorbidities, baseline assessment data and
baseline blood test results at hospital admission. Each deficit
included in the FI was scored 0 when absent and 1 when present.
Thirty variables were used to compute the FI thus conferring it a
sufficient robustness [38]. FI scores above 0.25 were classified as
indicative of frailty [38].

2.1. Statistical analyses

Continuous variables were described with mean and standard
deviation (SD) when normally distributed or with median and
interquartile range [IQR] when data had a skewed distribution.
Dichotomous variables were presented as number (N) and per-
centage (%). The distribution of categorical variables among pa-
tients with vs without extubation success were performed
through the chi-squared test; continuous variables were
compared with the ManneWhitney test. Regression analyses
were used to assess the role of muscle mass and quality as pre-
dictors of extubation, ICU complications, length of ICU stay and
length of hospitalization. Cox regression analyses were used to
assess the association between muscle characteristics and mor-
tality (i.e. total mortality, mortality in ICU and in-hospital mor-
tality). Analyses were repeated separately in young and older
people to confirm the directions and magnitude of the findings.
Moreover, we performed a correlation between body mass index
(BMI) and muscle mass. Finally, we performed two multivariable
regression models (the first one adjusted for age, sex and BMI and
the second one adjusted for age, sex and FI) to evaluate whether
obesity or frailty could have had an impact in the association
between muscle characteristics and outcomes.

All statistical analyses were performed with SPSS version 25.0
(SPSS Inc., Chicago, IL, USA).
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3. Results

3.1. Patient characteristics and outcomes

Eighty-one patients were included in the study. The sample was
composed mainly by males (87.7%) and the median age was
59.3 ± 11.9 years. Only 14 patients (17.3%) were frail (FI > 0.25).
Table 1 illustrates the main characteristics of the study population.
The median length of hospital stay was 37 days, with a median ICU
permanence of 17 days. Ten patients were readmitted to ICU during
their hospitalisation. Eight patients failed to be extubated at first
attempt and 31 patients (38.3%) underwent tracheostomy. Sixty-six
patients had at least one complication during their ICU stay. The
most frequent complications were: bacteraemia (53.1%), need for
red blood cell transfusion with more than two units (30.9%) and
fungal infection (25.9%). Hospital mortality was 34.6% (28/81): 22
patients died in ICU and eight after being transferred to COVID-19
Medical Wards.

3.2. Demographic and anthropometric features of patients who
were successfully extubated

Thirty-two patients were successfully extubated at first attempt
or without the need for tracheostomy. These patients were: less old
(age 56.2 vs 63.0 years, p ¼ 0.004), more obese (40.6% vs 16.7%,
p¼ 0.02), with higher muscle CSA (121.8 vs 107.7 cm, p¼ 0.04), SMI
Table 1
Main characteristics of the studied population.

Variables Total sample (N ¼ 81)

Males: N (%) 71 (87.7%)
Age (years): mean (SD) 59.3 (SD 11.91)
Older peole (Age �65 years): N (%) 29 (35.8%)
Ethnic group: N (%)
White 62 (76.5%)
Latin American 13 (16%)
Asiatic 2 (2.5%)

Smoke: N (%)
Active 2 (2.5%)
Former 13 (16%)

Height (m): mean (SD) 1.72 (SD 0.08)
Weight (kg): mean (SD) 83.4 (SD 13.65)
BMI (kg/m2): mean (SD) 28.3 (SD 4.74)
Obese (BMI >30 kg/m2): N (%) 21 (25.9%)
Vertebral region: N (%)
L1 26 (32.1%)
L2 26 (32.1%)
L3 29 (35.8%)

Muscle area (cm2): mean (SD) 112.9 (SD 29.93)
Skeletal muscle index (cm2/m2): median (IQR) 35.5 (IQR 28.9e43.6)
Reduced muscle mass: N (%) 53 (65.4%)
Muscle density (HU): mean (SD) 28.3 (SD 8.36)
Reduced muscle density: N (%) 69 (85.2%)
Visceral adiposity (cm2): mean (SD) 207.5 (SD 87.70)
IMAT (cm2): mean (SD) 15.6 (SD 9.76)
Subcutaneus adiposity (cm2): mean (SD) 164.1 (SD 64.54)
Total adiposity (cm2): mean (SD) 387.2 (SD 127.77)
Comorbidities: N (%)
Hypertension 34 (42%)
Type 1 Diabetes 1 (1.2%)
Type 2 Diabetes 14 (17.3%)
COPD 1 (1.2%)
Moderate to severe renal disease
Liver disease 3 (3.7%)
Ischemic heart disease 5 (6.2%)
Cerebrovascular disease 5 (6.2%)
Dementia 1 (1.2%)
Solid tumor 3 (3.7%)

Frailty Index: median (IQR) 0.14 (IQR 0.07e0.21)
Frail patients: N (%) 14 (17.3%)
Steroid use during hospitalization: N (%) 1 (1.2%)
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(40.5 vs 31.8, p ¼ 0.004) and density (32 HU vs 26.5 HU, p ¼ 0.006)
compared to those who failed extubation or who were tracheos-
tomised. This yielded a post-hoc estimated study power of 81%
(alpha ¼ 0.0353) with the study sample size of 81 patients.

3.3. Muscle CSA and outcomes

Muscle CSA predicted successful extubation (OR 1.02, 95% C.I.
1.00e1.03, p ¼ 0.017). Moreover, muscle CSA was inversely associ-
ated to the development of complications during ICU stay (OR 0.97,
95% C.I. 0.95e0.99, p ¼ 0.03), to the number of complications
(В �0.02, 95% C.I. �0.41 - �0.006, p ¼ 0.01) during ICU stay and to
hospital mortality (HR 0.98, 95% C.I. 0.96e0.99, p ¼ 0.02). Figure 1
shows CT scans with a normal muscle mass and a patinet with a
reduced muscle mass.

3.4. SMI and outcomes

SMI predicted successful extubation (OR 1.06, 95% C.I. 1.01e1.1,
p ¼ 0.008). In addition, SMI was inversely associated with hospital
Fig. 1. Comparison of CT scans of a normal and a patient with reduced muscle mass.
Segmentation of muscles on CT images (red) using density thresholding. Axial images
at the L3 level of a patient with normal (a) and reduced (b) muscle mass. (For inter-
pretation of the references to colour in this figure legend, the reader is referred to the
Web version of this article.)
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mortality (HR 0.96, 95% C.I. 0.94e0.99, p ¼ 0.002) and with mor-
tality in ICU (HR 0.96, 95% C.I. 0.93e0.99, p ¼ 0.008).

3.5. Muscle density and outcomes

Muscle density displayed an inverse association with the
number of complications in ICU (В �0.07, 95% C.I. �0.13 - �0.002,
p ¼ 0.03), with the length of hospital stay (В �1.36, 95% C.I. �2.21
- �0.51, p ¼ 0.002) and with in-hospital mortality (HR 0.88, 95% C.I.
0.78e0.99, p ¼ 0.046).

3.6. Outcomes in young and older people

Magnitude and direction of findings were confirmed when an-
alyses were repeated in young and older people (age �65) sepa-
rately. In particular, we found a significant inverse association
between SMI and in hospital mortality (HR 0.95, 95% C.I. 0.92e0.99,
p ¼ 0.04) and between SMI and ICU-mortality (HR 0.93, 95% C.I.
0.88e0.98, p ¼ 0.01) in older people. We found a significant asso-
ciation between SMI and extubation success (OR 1.05, 95% C.I.
1.001e1.1, p ¼ 0.04) in people aged <65 years. In people aged <65
years, inverse correlations were found betweenmuscle CSA and the
development of complications in ICU (OR 0.97, 95% C.I. 0.94e0.99,
p ¼ 0.04) and ICU mortality (HR 0.97, 95% C.I. 0.94e0.99, p ¼ 0.04),
muscle density and length of hospital stay (B �2.71, 95% C.I. �2.56
- �0.41, p¼ 0.009) and SMI and in-hospital mortality (HR 0.95, 95%
C.I. 0.92e0.99, p ¼ 0.02).

3.7. Influence of body mass index on outcomes

A moderate correlation between muscle mass and Body Mass
Index (BMI) was found with the Pearson correlation (r ¼ 0.3;
p ¼ p ¼ 0.007). Multivariable binary regression analysis adjusted
for age, sex and BMI showed that muscle density was significantly
associated with successful extubation (adjusted OR 1.08, 95% C.I.
1.005e1.16, p¼ 0.036) and length of hospital stay (adjusted B�1.03,
95% C.I. �1.8 - �0.25, p ¼ 0.01). SMI affected the length of ICU stay
(adjusted B e 0.6; 95% C.I. �1.17 e - 0.03, p ¼ 0.04) and the number
of complications in ICU (adjusted B e 0.1, 95% C.I. �0.16 - �0.03,
p ¼ 0.005). Muscle CSA predicted the number of complications in
ICU (adjusted B e 0.03, 95% C.I. �0.05 - �0.004, p ¼ 0.02).

3.8. Influence of frailty on outcomes

In order to account for a possible role of frailty inmodulating the
clinical outcomes, a second multivariable model adjusted for age,
sex and frailty index was built and tested. It found an inverse as-
sociation between muscle CSA and a complicated ICU stay
(adjusted OR 0.96, 95% C.I. 0.92e0.99, p ¼ 0.008), muscle CSA and
the number of complications in ICU (adjusted Be 0.3, 95% C.I.�0.43
- �0.10, p ¼ 0.002), muscle CSA and the length of ICU (adjusted
B �0.21, 95% C.I. �0.37 - �0.04, p ¼ 0.014) and hospital stay
(adjusted B �0.34, 95% C.I. �0.62 - �0.06, p ¼ 0.02). In addition in
this model, SMI predicted a successful extubation (adjusted OR
1.06, 95% C.I. 1.006e1.11, p ¼ 0.027) and displayed an inverse as-
sociation with in-hospital (adjusted HR 0.96, 95% C.I. 0.94e0.99,
p ¼ 0.01) and ICU (adjusted HR 0.96, 95% C.I. 0.93e0.99, p ¼ 0.03)
mortality. Moreover, we detected an inverse association between
muscle density and the number of complications during ICU stay
(adjusted B e 0.07, 95% C.I. �0.14e0.001, p ¼ 0.05) and muscle
density and length of hospital stay (adjusted Be 1.48, 95% C.I.�2.36
- �0.6, p ¼ 0.001). Figure 2 illustrates the outcomes of univariable
regression analyses and Table 2 shows the results of the multivar-
iable regression models.
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4. Discussion

In this observational study, we found that, muscle mass and
muscle density were associated with successful extubation, less
complicated ICU stay and decreased mortality in patients intubated
for COVID-19-related pneumonia.Muscle density also had an inverse
association with the length of hospitalisation. Patients who had a
successful extubationwere younger and hadmoremuscle mass than
patientswith extubation failure or need for tracheostomy. Consistent
findingswere observed after stratification into old and young people.
Moreover, associations between muscle trophic parameters and
outcomes were confirmed even after adjustment for BMI and FI.

We used two measures of muscle mass: CSA and SMI. Their
association with clinical outcomes was similar thought slightly
different. Both measures predicted successful extubation and hos-
pital mortality; instead, only CSA was inversely associated with a
complicated ICU stay and just SMI was inversely associated with
ICU mortality.

The adjustment of CSA for height [2], that generates the SMI, al-
lows the measure of relative muscle mass. Quantification of relative
muscle mass is important since the amount of musclemass is closely
related to body size. Individuals with a larger body size should have
largermusclemass [39]. Indeed, peoplewith similar CSAbut different
heights have different nutritional status [40]. Even if no consensus
exists on which measure of muscle mass should be preferred, since
SMI allows an evaluation of the adequacy of muscle mass it could be
consideredasamore accurate. Ourfindingsare in linewith the results
of Woo et al. [22] who explored the role of reduced muscle mass
(measured with CT scans) in predicting intensive care unit in adult
surgical patients. Indirect confirmations of the association between
muscle mass and ventilation weaning also came from the study by
Salam et al. [41]. These latter authors showed that patients with
inadequate cough responses, possibly due to sarcopenia in respira-
torymuscles, frequently needed reintubation after discontinuation of
MV [41]. Moreover, Supinski et al. highlighted the possible role of
sarcopenia (and inparticularofdiaphragmweakness) inpatientswho
experience respiratory failure relapses despite improving lung
parenchymal findings at imaging [20].

Sarcopenia has been associated with adverse outcomes, namely
prolonged hospitalisation, complications during hospital stay, and
mortality [12,13]. Our study confirms these findings and adds novel
information on the potential role of muscle quality beside muscle
mass. Specifically, we observed that muscle quality perturbations
were predictive of extubation failure, length of hospitalization and
in-hospital mortality in patients with severe COVID-19. Further-
more, pathological changes in muscle quality apparently precede
muscle mass loss and might constitute an early, though relevant,
pathogenic player and diagnostic marker of sarcopenia [12,13].
Consistently, alterations of muscle quality were more prevalent
(85%) than alterations of muscle quantity (65%) in our cohort.

Our study highlights the importance of assessing muscle health
in ICU patients, especially in light of the high prevalence of alter-
ation detected in middle aged and non-underweight patient.
Clinical tools based on objective measurement of muscle mass and
quality loss during intensive care stay might thus be of paramount
importance to minimise the risk of hospitalisation-related com-
plications in critically ill individuals. CT imaging can be used to
measure muscle mass and quality and might overcome potential
underestimation biases in the evaluation of obese and overweight
patients [42]. As CT scans are routinely performed in patients with
severe respiratory manifestations, CT-derived measures of muscle
trophism constitute simple and cheap tools to detect sarcopenia
with no additional radiation burden for patients.

In this setting, it should, however, be highlighted that data about
baselinemuscle characteristicsmight be of particular importance to



Fig. 2. Outcomes of the univariable regression analyses. SMI ¼ Skeletal Muscel Index. CSA ¼ Cross Sectional Area.
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Table 2
Results of the multivariable regression models.

Extubation success

Adjusted analysea

OR 95% C.I. p

Muscle CSA 1.02 0.99e1.04 0.22
SMI 1.03 0.96e1.1 0.47
Muscle density 1.08 1.005e1.16 0.036
Adjusted analyseb

Muscle CSA 1.02 0.99e1.04 0.12
SMI 1.06 1.006e1.11 0.027
Muscle density 1.07 1e1.15 0.05

Adjusted analyseb

Any complication in ICU

Adjusted analysea

OR 95% C.I. p

Muscle CSA 0.97 0.94e1.004 0.09
SMI 0.91 0.81e1.001 0.053
Muscle density 0.96 0.88e1.05 0.44

Adjusted analyseb

Muscle CSA 0.96 0.92e0.99 0.008
SMI 0.99 0.94e1.05 0.78
Muscle density 0.96 0.87e1.05 0.43

Adjusted analyseb

Number of complications in ICU

Adjusted analysea

В 95% C.I. p

Muscle CSA �0.03 �0.05e�0.004 0.02
SMI �0.1 �0.16e�0.03 0.005
Muscle density �0.04 �0.11e0.03 0.23

Adjusted analyseb

Muscle CSA e 0.3 - 0.43 to �0.10 0.002
SMI �0.03 �0.08e0.008 0.11
Muscle density �0.04 �0.11e0.03 0.23

Adjusted analyseb

Lenght of ICU stay

Adjusted analysea

В 95% C.I. p

Muscle CSA �0.2 �0.39e0.0 0.05
SMI �0.6 �1.17e�0.03 0.04
Muscle density �0.4 �0.98e0.17 0.16

Adjusted analyseb

Muscle CSA �0.21 �0.37e�0.04 0.014
SMI �0.11 �0.43e0.21 0.51
Muscle density �0.47 �1.01e0.07 0.09

Adjusted analyseb

Lenght of hospital stay

Adjusted analysea

В 95% C.I. p

Muscle CSA �0.2 �0.48e0.08 0.17
SMI �0.61 �1.41e0.2 0.14
Muscle density �1.03 �1.8e�0.25 0.01

Adjusted analyseb

Muscle CSA �0.34 �0.62e�0.06 0.02
SMI �0.42 �0.97e0.12 0.12
Muscle density �1.48 �2.36e�0.6 0.001

Adjusted analyseb

Hospital mortality

Adjusted analysea

Muscle CSA 0.98 0.96e1.13 0.56

Table 2 (continued )

Extubation success

Adjusted analysea

OR 95% C.I. p

SMI 0.97 0.9e1.03 0.33
Muscle density 1.02 0.96e1.1 0.55

Adjusted analyseb

Muscle CSA 0.99 0.98e1.01 0.6
SMI 0.96 0.94e0.99 0.01
Muscle density 1.03 0.98e1.1 0.23

Adjusted analyseb

ICU mortality

Adjusted analysea

Muscle CSA 0.99 0.96e1.01 0.31
SMI 0.98 0.92e1.06 0.68
Muscle density 1.02 0.96e1.1 0.48

Adjusted analyseb

Muscle CSA 1.01 0.98e1.02 0.93
SMI 0.96 0.93e0.99 0.03
Muscle density 1.04 0.98e1.1 0.18

CSA cross-sectional area.
SMI skeletal muscle index.

a Adjusted for: age, sex and body mass index.
b Adjusted for: age, sex and frailty index.
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define the degree of acute deterioration caused before and during
hospitalisation. COVID-19 is in fact an acute illness characterized by
enhanced catabolism, which perturbs muscle homeostasis and in-
creases muscle degradation [43,44]. Consistently, weight loss has
been reported as a hallmark COVID-19 patients [44]. Therefore,
COVID-19 patients are at high risk of developing acute sarcopenia.
Acute sarcopenia augments patients’ vulnerability to stressors
[45,46] and is associated with enhanced risk of developing adverse
outcomes. Moreover, acute sarcopenia can evolve into chronic sar-
copenia [47], which is in turn part of the spectrum of frailty [45].

Our results should be interpreted in light of some potential
limitations. First, our study had a relatively small sample size.
Enrolment issues due to the emergency context of the first
pandemic wave, and monocentric design might account for this
finding. In addition, we did not include any measure of muscle
functionality, which prevents extensive considerations on potential
generalisability of our findings.

Early identification of typical sarcopenic features at muscle im-
aging might prevent difficult ventilator weaning and associated
adverse outcomes. In particular, early detection of reduced muscle
mass andquality, especially inpatientswith an increased risk of acute
muscle wasting during ICU stay [48], would allow sufficient time to
implement corrective interventions such as adequate protein supply
[49] and physical therapy for improving respiratory and peripheral
muscle strength [50]possiblyultimately improvingpatientprognosis.

Without additional radiation exposure, muscle mass and quality
analyses via existing chest CT scans would constitute an important
prognostic tool in patients with COVID-19-related pneumonia and
other critical ill settings.
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