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A B S T R A C T   

Objective: To investigate the association between time to active sitting position and clinical features in people 
with COVID-19 admitted to intensive care unit (ICU) and referred to physiotherapists. 
Method: Prospective study conducted in the largest temporary ICU in Lombardy (Italy) between April 2020 and 
June 2021. All individuals with COVID-19 who received physiotherapy were included. Multivariable Cox pro-
portional hazard model was fitted to explore the statistical association between active sitting position and 
characteristics of patients referred to physiotherapists, also accounting for the different multidisciplinary teams 
responsible for patients. 
Results: 284 individuals over 478 (59.4%) had access to physiotherapy, which was performed for a median of 8 
days, without difference between multidisciplinary teams (P = 0.446). The active sitting position was reached 
after a median of 18 (IQR: 10.0–32.0) days. Sex was the only characteristic associated with the time to active 
sitting position, with males showing a reduced hazard by a factor of 0.65 (95% CI: 0.48–0.87; P = 0.0042) 
compared to females. At ICU discharge, nearly 50% individuals increased Manchester Mobility Score by 3 points. 
During physiotherapy no major adverse event was recorded. 
Conclusion: Individuals with COVID-19 take long time to reach active sitting position in ICU, with males requiring 
longer rehabilitation than females.   

1. Introduction 

People admitted to the intensive care unit (ICU) for Coronavirus 
disease (COVID-19) frequently required endotracheal intubation and 
invasive mechanical ventilation (IMV) [1], with males more susceptible 
than females in terms of disease severity and prevalence [2–4]. 

Persons with severe COVID-19 under deep sedation, prolonged IMV 

and ICU length of stay (LOS) are also at high risk of developing ICU- 
acquired weakness (ICU-AW) and post intensive care syndrome [5]. 
Therefore, several guidelines and recommendations have been pub-
lished worldwide to limit the functional sequelae of COVID-19 by 
including early physiotherapy and rehabilitation interventions [3,6,7]. 
Increasing levels of mobility in ICU (ranging from in-bed interventions 
to mobilizing more than 30 m) has been associated with improvements 
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of clinical and functional outcomes and increased odds of discharge 
home [8]. Most importantly, patients reaching active sitting position 
(ASP) showed reduced ICU LOS [9], which is associated with better 
long-term functional outcome [10]. Moreover, gas exchanges and res-
piratory mechanics are also better after 1 h of ASP and increased tidal 
volume and oxygen consumption are reported as positive effects of such 
postural change [11]. 

Considering the clinical importance of ASP for patients’ recovery, the 
aim of our study is to describe the time to active sitting position in 
people with COVID-19 admitted to ICU and its association with clinical 
features in those referred to the physiotherapy team. Further, we aimed 
to report the number of adverse events during physiotherapy 
intervention. 

2. Methods 

2.1. Study design 

This prospective study was conducted at Fiera Milano COVID-19 
Intensive Care Hospital, the largest temporary healthcare structure 
built in Italy, led by our Institution Fondazione IRCCS Ca’ Granda 
Ospedale Maggiore Policlinico (FiCOMP) during the pandemic between 
April 2020 and June 2021. All adult patients with Severe Acute Respi-
ratory Syndrome Coronavirus 2 (SARS-CoV-2) infection admitted to ICU 
were enrolled in this study. The study was approved by the local ethics 
committee (ethics approval number 827_2021). 

2.2. Hospital organization 

Italy was the first western country to face the COVID-19 outbreak 
and to implement extraordinary measures for SARS-CoV-2 containment 
[12]. To cope with the lack of ICU beds, the Lombardy Region created a 
temporary hospital, in partnership with Fondazione Fiera Milano [13]. 
The Fiera Milano COVID-19 Intensive Care Hospital was based on the 
conversion of two floors of the Milano fair building into a healthcare 
structure thanks to the installation of fully equipped independent 
sub-units, distributed across a total surface area of 25,000 m2 and able to 
accommodate over 200 patients. Our Institution was the head of the 
general organization and worked synergically with other eight hospitals: 
each hospital was responsible for one sub-unit with its own team 
composed by intensivists and nurses. FiCOMP supported the temporary 
hospital with healthcare assistants, X-ray technicians and physiothera-
pists (PTs). Per current practice, patients from the FiCOMP sub-unit 
were routinely assessed by PTs, whereas in other sub-units PTs were 
called upon request. During the study period, a team of five PTs 
(composed by one experienced PT in critical care and four PTs with more 
heterogenous background) worked daily covering the whole week. 

2.3. Physiotherapy interventions 

After neuromuscular blocking agent withdrawal, PTs delivered 
functional mobilization, in-bed sitting positioning and hoist transfer to 
chair for sedated patients [14]. Due to prolonged invasive mechanical 
ventilation, respiratory physiotherapy was implemented to favor 
weaning from mechanical ventilation [15]. Particularly, the rehabilita-
tive program involved posture changes, which are known to modify 
ventilation/perfusion ratio and to promote lung recruitment, airway 
clearance techniques and cough assistance [16–17]. At the same time, 
we focused on muscle recruitment and strengthening exercises for the 
limbs and dynamic trunk control with the intention of progressing to 
active transfer from bed to chair, standing, stepping in place and 
ambulation, with or without assistance [18]. The short-term objective 
was to reach the ASP, which has been shown to elicit a cardiorespiratory 
response and increase lung volumes in the critically ill, explained by 
greater muscle activity during the task [11]. The ASP was performed 
using the sitting out the edge of the bed position supervised by one 

physiotherapist and at least one nurse, after having secured the medical 
devices. We gradually made the task harder using back supports with 
variable stability in order to challenge the patient to hold the position 
autonomously, thus stimulating functional recovery [19]. Adverse 
events (AEs) during physiotherapy were define as an episode during 
rehabilitation associated with any of the following: stopping or pausing 
mobilization/rehabilitation, interventions or additional therapy 
required to address the event (i.e., accidental removal of any medical 
device, resulting in a new positioning procedure), adverse health con-
sequences not resolved by stopping mobilization/rehabilitation. 

All PTs staff used adequate personal protective equipment (including 
N95 mask, fluid-resistant long-sleeved grown, face shield and gloves) as 
recommended [6,7]. 

2.4. Data collection 

Patients baseline characteristics, including demographics, days of 
invasive mechanical ventilation, presence of endotracheal tube and/or 
tracheostomy, ICU LOS and mortality were retrieved from electronic 
medical records. Physical function was measured at the beginning of 
physiotherapy and at ICU discharge using the Manchester Mobility 
Score (MMS), a seven-point scale used for assessing mobility levels in 
critical care setting [20]. 

2.5. Statistical analysis 

Variables are summarized as mean and standard deviation (SD) and 
presented stratified by exposure to physiotherapy treatment. Indepen-
dent t-test was used to compare continuous variables between in-
dividuals who received or not physiotherapy; for categorical variables, 
we adopted chi-square test statistics or Fisher exact test, as appropriate. 
Uncertainty of estimates is reported as 95% confidence interval (CI). 

In order to investigate the association between time to sitting posi-
tion and characteristics of patients referred to PTs, we used a multi-
variable Cox proportional hazard (PH) model accounting for age, sex, 
body mass index (BMI), level of hypoxemia (PaO2/FiO2 ratio), multi-
disciplinary teams (MDTs) involved (FiCOMP versus other MDTs), and 
presence of any comorbidity. Age, BMI and PaO2/FiO2 ratio were fitted 
as linear functions, based on the Akaike information criterion. Also, a 
pooled interaction test between MDTs and considered features was 
performed, taking into account potential different medical practice 
among teams. 

Model’s assumptions were checked using smoothed scaled Schoen-
feld residuals and formal test, as proposed by Therneau [21]. Model 
validation and calibration with 300 bootstraps were performed report-
ing Somers’ DXY and mean error, respectively. Model estimates are re-
ported as hazard ratio (HR) and 95%CI. For all analyses, P-values were 
two-sided, and P < 0.05 was considered to be statistically significant. All 
the analyses were performed using R Core Team, version 3.6.2, with 
survminer and rms packages added [22]. 

3. Results 

The first individual was admitted in Fiera Milano COVID-19 Inten-
sive Care Hospital on April 6, 2020. As long as the hub was maintained 
opened, 284 individuals over 478 (59.4%) were referred to PTs. This 
hub discharged the last individual on June 05, 2021. Characteristics of 
individuals observed during the study period are presented in Table 1. 

The 76.9% (90/117) of patients followed by the FiCOMP-MDT had 
access to physiotherapy whereas we recorded a lower proportion (194/ 
361, 53.7%) in the other large group of patients followed by other 
heterogenous MDTs. As per clinical practice, enteral nutrition was 
started early after ICU admission using a high protein liquid formula via 
nasogastric tube. All individuals except 2 had endotracheal intubation 
(2/478, 0.4%), and these received physiotherapy. In this group, rein-
tubation proportion was 7.8% points higher (95%CI: 4.2%–11.4%) 
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compared to individuals for those physiotherapy was not requested. On 
the whole, we recorded more deaths in the group where physiotherapy 
was not started (131/194, 67.5%). 

Physiotherapy was performed for a median of 8 days, and only the 
25% of patients received treatments for longer than 14 days, without 
difference between MDTs (P = 0.446). When evaluated at discharge 
from physiotherapy using MMS, the 10.7% (28/261) of patients showed 
no improvement, the 40.2% (105/261) increased MMS by 2 points and 
the 49.0% (128/261) improved by more than 3 points compared to 
baseline. In terms of AEs during physiotherapy, we did not record any 
fall nor occurrence of pneumothorax. In this group, 131/284 (46.1%) 
had at least one oxygen desaturation episode, 1 accidental dec-
annulation (1/284, 0.4%), 3 accidental feeding tube removals (3/284, 
1.1%) and 1 accidental displacement of medical devices (1/284, 0.4%). 

Patients treated by PTs reached the ASP after a median of 18 days 
since they were hospitalized; particularly, 50% of patients managed by 
FiCOMP-MDT were positioned sit between the 8th and 37th day after 
ICU admittance, whereas 50% of patients followed by other MDTs be-
tween the 10th and 31st day. Among the clinical characteristics used to 
fit the Cox PH model, sex was the only feature associated with the 
hazards of ASP. Particularly, being male reduces the hazards by a factor 
of 0.65, or 35%. Cumulative incidence for the ASP at any given point in 
time for males and females is provided in Fig. 1. 

The HR associated with patients managed by MDT at our Institution 
versus other MDTs is 1.03 (95%CI: 0.79 to 1.36). Fig. 2 presents the 
point and interval estimates of all considered variables. From the fitted 
model we did not find evidence of interaction between MDTs and other 
covariates (P = 0.270). 

Table 1 
Patients’ characteristics.   

PT (No), N = 194 PT (Yes), N = 284 Difference (95%CI) p-value 

Age, years 67.4 (7.3) 62.5 (9.3) 4.9 (3.4; 6.3) <0.001 
BMI, kg/m2 29.1 (4.7) 29.2 (4.6) − 0.1 (− 0.9; 0.8) 0.842 
Sex 0.592 

Female 49/194 (25.3%) 78/284 (27.5%) 2.2 (− 5.8; 10.2)  
Male 145/194 (74.7%) 206/284 (72.5%) − 2.2 (− 10.2; 5.8)  

Presence of any comorbidity 162/194 (83.5%) 226/284 (79.6%) 3.9 (− 3.1; 10.9) 0.280 
Comorbidities 

Pulmonary 34/194 (17.5%) 44/284 (15.5%) 2.0 (− 4.8; 8.8) 0.554 
Psychiatric 11/194 (5.7%) 18/284 (6.3%) − 0.7 (− 5.0; 3.6) 0.764 
Metabolic 84/194 (43.3%) 100/284 (35.2%) 8.1 (− 0.8; 17.0) 0.074 
Musculoskeletal 37/194 (19.1%) 48/284 (16.9%) 2.2 (− 4.9; 9.2) 0.542 
Cardiovascular 126/194 (64.9%) 162/284 (57.0%) 7.9 (− 0.9; 16.8) 0.082 

ICU LOS, days 15.9 (10.5) 27.5 (18.8) − 11.6 (− 14.3; − 8.9) <0.001 
IMV, days 17.0 (10.7) 24.1 (17.1) − 7.1 (− 9.6; − 4.6) <0.001 
Presence of tracheostomy 21/194 (10.8%) 79/284 (27.8%) − 17 (− 23.8; − 10.2) <0.001 
Alive 63/194 (32.5%) 261/284 (91.9%) − 59.4 (− 66.7; − 52.1) <0.001 

Data are presented as mean (SD) or counts (percentage). BMI = Body Mass Index; ICU = Intensive Care Unit; LOS = Length Of Stay; IMV = Invasive Mechanical 
Ventilation. 

Fig. 1. Cumulative incidence curves for males and females with any comorbidity and managed by FiCOMP-MDT, with age, BMI and PaO2/FiO2 ratio hold at mean 
sample values. 
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Although validating data for prospective use was not necessary, the 
model showed a predictive discrimination of 0.10, with a slope 
shrinkage of 0.76 indicating some overfitting. The absolute calibration 
error is 0.01 for 7-day prediction. 

4. Discussion 

When the Fiera Milano COVID-19 Intensive Care Hospital admitted 
the first patient (April 6, 2020), the Lombardy region reported 1343 
people already hospitalized in ICU and 9202 were the people dead 
counted so far [23]. Over one year, the temporary hospital admitted 
nearly 500 patients, and more than 50% were referred to the physio-
therapy team, that worked homogenously across the different MDTs. On 
average, patients reached the active sitting position in 18 days, and the 
only factor negatively associated with time to ASP was being male. 

Literature is scanty about teamworking in the ICU. In the temporary 
hospital in Milan, the organizational context provided the same group of 
PTs delivering physiotherapy under two difference circumstances: PTs 
as part on an established MDT in the FiCOMP sub-unit and PT in-
terventions started upon medical request in all other sub-units. Never-
theless, no evidence of difference was found. 

We may assume that the context did not influence the performance of 
the PT team, and therefore short-term rehabilitation outcomes. 
Although in the FiCOMP sub-unit PTs typically oversee the provision of 
mechanical ventilation and early mobilization, which are two crucial 
points for patients experiencing respiratory failure and among the most 
common ICU treatments [24–26], this may provide a framework for 
highlighting that a strong PT team could minimize disparities among 
different attitudes towards rehabilitation [27,28]. 

Recently, we illustrated how the combined efforts of experienced 
physiotherapists and nurses made pronation of patients mechanically 
ventilated and deeply sedated safe and feasible, without affecting their 
mobility and muscle strength at ICU discharge [29]. A structured 
intervention with appropriate supervision and support by PTs with 
previous clinical experience in treating critically ill patients could play a 
crucial role to manage an emergency situation [28], improving inde-
pendent physical status at hospital discharge [30,31]. When PTs are 
integrated in the ICU team, greater functional goals can be expected, 
favoring a rapid discharge from ICU [27,32]. 

In the present study, ASP was reached after two weeks from ICU 
admission, in line with the results obtained by another group from 
United Kingdom [5]. Previous works on acutely hospitalized patients 
managed by trained ICU staff found that median time to sitting position 
was below 9 days [32,33]. This discrepancy can be explained by the 
different care of patients with COVID-19 requiring prolonged IMV and 

deep sedation. ASP reached within 5 days from ICU admission was found 
associated with a shorter LOS in ICU in a group of critically ill in-
dividuals [9]. To the best of our knowledge, this is the only study spe-
cifically focusing on ASP and its relevance towards clinically relevant 
outcomes such as ICU LOS. Usually, ASP is presented as a component of 
an articulated mobility algorithm to promote early mobilization [18,32, 
34–36]. Since the introduction of early mobilization in ‘70s, a growing 
body of evidence demonstrated that it is safe and feasible for the severe 
individuals admitted in ICU [37]. Among the described short-term 
benefits, we list shorter delirium duration, more ventilator-free days 
and increased level of autonomy at hospital discharge [31], together 
with decreased ICU and hospital LOS [33]. 

It is important mentioning that we are describing for the first time an 
association between sex and a rehabilitative milestone such as ASP. 
Biological sex was already reported as a determinant of COVID-19 dis-
ease prevalence and severity [2]. However, anatomical and hormonal 
features were recently reported as significant differences between bio-
logical males and females [38]. Literature on sex-related differences is 
contradicting. Female sex showed an advantage for long-term physical 
function recovery in one study on acute respiratory failure survivors 
[39]. On the contrary, other findings have described females at higher 
risk of ICU-AW than males [40,41]. If confirmed by larger studies, such 
difference between males and females may have a direct impact on 
clinical practice and sex-specific assessments should be considered. 

Among the characteristics of patients referred to physiotherapy 
team, we are reporting a higher rate of tracheostomy, a longer LOS in 
ICU and length of IMV, as expected. These differences can be due to the 
referral criteria for physiotherapy intervention. Usually, patients were 
referred to PTs when cardiovascular and neurological conditions were 
stable, therefore a higher death rate is also reported when physiotherapy 
intervention was not deemed feasible. In addition, the higher number of 
tracheostomy procedures in patients who have performed physio-
therapy could be explained by the need to support weaning and reha-
bilitation. Consistently, patients who were not referred to PTs were 5- 
years older. As reported elsewhere [2], age was shown to be a key fac-
tor for COVID-19 survival. 

It is interesting to compare our results with previous findings on 
people undergoing physiotherapy during ICU stay. On average, ICU LOS 
and IMV duration were higher in our study compared to other reports [5, 
42]; Stutz et al. enrolled a population of less severe patients with 
COVID-19, where only 40% of subjects were intubated, as compared to 
99.6% of our work. Moreover, we counted less tracheostomy procedures 
as opposed to McWilliams et al. (27.8% versus 77%), investigating a 
population of severe patients with COVID-19 from United Kingdom. It is 
worth mentioning that tracheostomy was inserted mainly for inadequate 

Fig. 2. Hazard ratios and 95% confidence bars for the association of covariates in the fitted model, using interquartile range. For example, when age changes from its 
lower quartile to the upper quartile (57y to 69.5y), the HR decreases (HR 0.88, 95%CI:0.72 to 1.06) Other HRs are: BMI (1.09, 95%CI; 0.93 to 1.27), PaO2/FiO2 ratio 
(1.05, 95%CI: 0.89 to 1.24), Comorbidity (1.23, 95%CI: 0.88 to 1.72). 
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cough strength, difficult weaning and extubation failure in our study. 
With regard to previous findings from our group collected on severe 
patients with COVID-19 and managed in the ICU of our Institution [29], 
we are reporting higher IMV duration and ICU stay. These differences 
could also be due to several organizational issues. The study of Binda 
et al. is restricted to the very first pandemic wave [29], when emergency 
levels and ICU-bed demands were high, thus requiring a rapid weaning 
from ventilators and a quick ICU discharge. Also, the lack of 
sub-intensive units inside the Fiera Milano COVID-19 Intensive Care 
Hospital was a barrier to fast ICU-discharge of patients. Moreover, in the 
present study we observed a smaller proportion of people with MMS 
score <3 at ICU discharge (42% versus 85%), suggesting that patients 
showed better functional recovery despite longer ICU stay. 

In the cohort described in the present study, features related with 
severe COVID-19 (i.e., BMI, PaO2/FiO2 ratio) and presence of comor-
bidity were not found associated with time to ASP, eventually suggesting 
that these may be not considered as barriers of early mobilization. 
Similar results were obtained by McWilliams et al., except for BMI: pa-
tients with a BMI >40 experienced a significant delay in time to first 
mobilization compared to patients with BMI of 20–24 (18 versus 10 
days) [5]. Previous work already reported early mobilization as feasible 
also in patients receiving invasive support and deep sedation [43]. 
Finally, very few serious AEs occurred during physiotherapy. Despite 
oxygen desaturation, which is described as a common finding during 
physiotherapy [44] and prone positioning [45] in patients with 
COVID-19, accidental device removals were reported in five individuals 
only (1.8%, 5/284), adding to literature that early mobilization is 
generally safe and within expected frequency [46]. 

4.1. Strength and limitations 

Our study has several limitations. Because of COVID-19 pandemic 
emergency and infectious-related restrictions, most of instrumental in-
formation was not available, especially during the first wave. The 
absence of safe cleaning and disinfection procedures during early 
months of the pandemic restrained us from using any device to measure 
functional outcomes in patients with COVID-19. Indeed, different 
studies recommended early physiotherapy to improve physical out-
comes at hospital discharge, however we were able to record only 
mobility scores as functional data at ICU discharge. Second, referral to 
PTs was not homogenous between MDTs thus leading to potential biased 
associations in the group receiving physiotherapy. However, pooled 
interaction test between MDTs and selected covariates was not signifi-
cant, thus indicating the lack of evidence of association between specific 
features among individuals with COVID-19 managed by different MDTs. 
Due to this unprecedented health emergency, information about expo-
sure to systemic steroids were not collected, which may play a role in 
functional outcomes of individuals with COVID-19 [47]. 

It is worth noting that that our work represents a unique experience 
in the emergency setting, also considering the large number of patients 
treated by PTs and managed by different MDTs, thus giving to the pre-
sent findings a satisfactory external validity. 

5. Conclusion 

Individuals with COVID-19 take more than two weeks to reach ASP 
in ICU, with males requiring longer rehabilitation than females. Overall, 
early mobilization was safe and practical, even when performed by one 
PTs team across many MDTs with heterogenous backgrounds towards 
early rehabilitation. The impact of biological sex on physical function 
recovery in ICU needs to be further addressed and sex-specific issues in 
rehabilitation should be considered. 
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