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INTRODUCTION 

An admission to the intensive care unit for many patients, despite advances in diagnostics 

and therapeutics and general reductions in mortality, remains an event where many are 

left with significant post intensive care morbidities [1]. Most patients remain bedridden for 

prolonged periods during their intensive care stay and have significant reductions in mobil-

ity, as seen in the worsening of frailty [1-4]. Early initiation of rehabilitation was previously 
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described but with mixed results, where in general there was 

an observed reduction in length of stay for mechanically ven-

tilated patients [5-7]. To our knowledge, most rehabilitative 

interventions begin at different time points after admission to 

the intensive care unit, ranging from the first day of admission 

to the first day of liberation from ventilation [3,8], while some 

specifying the commencement of mobilization after 5 days of 

intensive care hospitalization [9]. Thus, the definition of “early 

mobilization” remains unclear, while differences between ear-

ly mobilization and standard care are often poorly described 

[10]. This also brings to question of what and when constitutes 

early mobilization and is an appropriate level of mobilization 

during the course of acute illnesses. 

In particular, mechanically ventilated patients suffer most 

with increased use of muscle relaxants and sedatives [2]. Clin-

ically this results in a worsening of frailty, mobility and many 

are at increased risk of delirium. A previous program using 

early initiation of early whole-body physiotherapy resulted in 

more ventilator free days, shortened delirium and return to 

baseline functional states. This use of an early rehabilitative 

program also included reducing or daily cessation of sedation 

and its titration against a recognized sedation scoring system, 

and training in functional independence [5]. Some authors 

also describe the importance of a team composed of all staff 

within the intensive care unit, in addition to physiotherapists, 

due to the scarcity of physiotherapist resources [6,11]. 

However, many patients who are not mechanically venti-

lated may also benefit from early initiation of a rehabilitative 

program. Many similarly suffer from reduced mobility and 

may have multi-organ impairments. Further, there is a trend 

towards reduced use of mechanical ventilation for various re-

spiratory conditions [12-14]. Hence, it is equally important to 

explore the use of an early rehabilitative program on non-me-

chanically ventilated individuals. 

Aims of the investigation are as follows: (1) Investigate the 

efficacy of early mobilization in all intensive care patients; (2) 

Explore the optimal timing for key steps of the mobilization 

program; (3) Identify specific predictors of outcomes with the 

mobilization exercise performed. 

MATERIALS AND METHODS 

Data Collection and Setting 
This early rehabilitative program is a before-and-after study, 

with an initial observation period in April to October of 2017 as 

control group, and subsequently an intervention group from 

April to October 2020 in a single center, 15-bed intensive care 

unit and with an approximately 650-bed district general hospi-

tal with general medical, surgical and orthopedic capacities. In 

both periods, patients underwent the same selection criteria 

for initiation of physiotherapy within the intensive care unit. 

In our hospital locality, despite the coronavirus disease 2019 

(COVID-19) pandemic, our hospital or intensive care capacity 

was not overwhelmed during the period of intervention in 

question, allowing fairly suitable comparison of data between 

the two time periods. 

Patients are screened within 24 hours of intensive care unit 

admission. In addition to mechanically ventilated patients, we 

include all consecutively admitted medical, surgical and or-

thopedic patients except whom early physiotherapy is not pos-

sible, namely those on prone ventilation, active hypertensive 

emergency, bradycardia on active pharmacological therapy or 

awaiting pacemaker insertion, uncontrolled intracranial pres-

sure, active seizures, unstable or suspected unstable spinal in-

juries, rapidly developing neuromuscular diseases and active 

uncontrolled hemorrhage. All patients were adults (>18 years 

old). We consider patients completing an initial program once 

they have 3 physiotherapy sessions. 

COVID-19 patients were excluded from our study as we 

were unable to provide dedicated equipment to all COVID-19 

patients and hence, may not have received all aspects of our 

early physiotherapy program. Further, COVID-19 was not a 

known disease in the control group with improving therapies 

throughout 2020 and direct comparisons are thus invalid.  

Physiotherapy Methodology  
This intervention program consists of a program with a range 

of mobilization exercises performed, with sedation titrated 

against the Richmond Agitation Sedation Score (RASS) of 0 to 

–2 for mechanically ventilated patients [5]. Patients admitted 

to the ICU are evaluated within 24 hours by a physiotherapist 

who is experienced in critical care physiotherapy for their 

■ Protocolized early mobilization in the intensive care is ef-
fective in improving patient mobility scores.

■ Median time taken for patients to mobilize out-of-bed is 5 
days after intensive care unit admission.

■ Tolerability of early mobilization in critically ill patients is 
high and without major adverse events.

KEY MESSAGES
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ability to begin mobilization. Physiotherapy is performed at 

least once a day, with daily cessation or reduction in sedation 

as appropriate, and early mobilization is delivered by physio-

therapists and/or trained nursing staff in mobilization, led by 

a senior physiotherapist responsible for oversight of the early 

mobilization program at the unit. For unresponsive patients, 

passive limb mobilization is performed for at least 30 minutes 

daily. Otherwise, patients receive mobilization on the bed. 

Out-of-bed mobilization, such as transfer training, sitting out 

of bed with assistance and assisted cycling or upper limb exer-

cises in supported sitting, is initiated once no exclusion criteria 

is met for such mobilization. Subsequently, patients progress 

stepwise to dangling and sitting at edge-of-bed when limb 

power reaches at least grade 3 in the Medical Research Coun-

cil Muscle (MRC) scale. Patients not reaching this continue 

passive or assisted active mobilization out-of-bed. Once limb 

power of MRC grading reaches 4 with satisfactory truncal con-

trol, other out-of-bed mobilization such as standing at bedside 

with aids is attempted with subsequent gradual reduction in 

standing assistance and an attempt on marching on spot. This 

prepares for the final achievement stage of walking, which is 

defined as the ability to walk for at least 5 meters with or with-

out aids (Figure 1, Supplementary Material 1). 

Outcome Measurements 
Outcome measurements are defined a priori. Primary out-

Conventional care

Passive limb mobilization

Continue out-of-bed mobilization

Attempt walking with or without aids

Continue passive mobilization or assisted 
active mobilization on bed

Continue passive mobilization or assisted 
active mobilization on bed

Transfer training

Sitting out-of-bed with assistance

Assisted exercises in supported sitting

Dangling

Supported sitting at edge-of-bed

Daily assessment of clinical condition for 
presence of exclusion criteria for mobilization

Unconscious, unable to follow command

Start passive limb mobilization or assisted active
mobilization on bed

Presence of exclusion criteria for out-of-bed 
mobilization

Absence of any of the following:
Iimb power MRC scale ≥3, stable spine, adequate 

trunk control

Begin out-of-bed mobilization

Standing at bedside with or without aids

Standing and marching with minimal assistance

No

Yes

Yes

Yes

Yes

Examples

Successful

No

No

No

No

Yes

Successful

Limb power MRC scale ≥4 and trunk control 
satisfactory

Figure 1. Flowchart showing an overview of the study protocol and description of each incremental steps of the early mobilization program 
offered to the interventional group. Patients are recruited within 24 hours of admission to the intensive care unit. Assessment for mobilization 
after initial recruitment is performed daily according to the listed steps. MRC: Medical Research Council.
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come measurement is the improvement in mobility score, 

where mobility score is assessed according to the ICU Mobility 

Scale, with the pre-score recorded in the first mobilization ses-

sion and the post-score at the final assessment upon discharge 

from the intensive care unit by the attending physiotherapist. 

Prior studies show excellent inter-rater agreement between 

physiotherapists [15]. Secondary outcome measurements in-

clude mortality, hospitalization days, and the time to achieving 

a mobility score. Safety details are reviewed, noting the cause 

of termination against a predefined set of criteria for cessation 

of exercise (Table 1). The subjects’ clinical notes were also re-

viewed for any potential complications during physiotherapy 

such as dislodgement of catheters, patient fall or injury, which 

were routinely documented according to the local protocols of 

the intensive care unit. 

Statistical Methodology 
For analysis of length of stay and mobility score differences, 

multivariate linear regression analysis is performed, which in-

cludes main effect and two-way interaction analyses. Mortality 

is analyzed using Cox proportional hazard model, whereas 

analysis of the length of time and selected mobilization stages 

is done using Mantel-Cox test. Otherwise, categorical data is 

analyzed using chi-square test and continuous data utilizes 

Wilcoxon signed-rank test. Analysis is performed using R ver. 

3.6.0. (RStudio), whilst graphing output is performed on Prism 

9 (GraphPad, San Diego, CA, USA). 

Reporting Standards 
Reporting in this work adheres to the Strengthening the Re-

porting of Observational Studies in Epidemiology (STROBE) 

statement.  

Ethical Statement  
Ethical review was sought and approved from the local Institu-

tional Review Board of Prince of Wales Hospital (No. 2021.396) 

with waiver for individual consent, and this work complies 

with the Declaration of Helsinki. Individual consent was not 

applicable due to the before-and-after, consecutive nature of 

the program. 

RESULTS 

Baseline Characteristics 
The characteristics of patients on admission to the intensive 

care unit are described in Table 2. With the exception of the 

number of ventilated patients, namely a reduction in mechan-

ically ventilated patients seen in the early mobilization cohort, 

all other variables including the Acute Physiology and Chronic 

Health Evaluation (APACHE) IV scores and the predicted mor-

tality for all patients were essentially similar. 

Effect on Mortality and Hospital Stay
In the analysis of length of hospital stay, no differences were 

found in the intensive care hospitalization nor after discharge 

from the intensive care (Figure 2A and B). The 30- and 60-

day mortality analysis using a Cox proportional hazard model 

Table 1. Predefined criteria for cessation of mobilization
Criteria to stop exercise Control (n=640) Early mobilization (n=685)
Perceived high degree of exertion (Borg’s scale>13) 0 0
Patient distress (evidenced by non-verbal cues, gesture) 3 (0.5) 1 (0.1)
Patient who did not want to continue due to fear, tiredness, or dizziness, etc.  6 (0.9) 10 (1.5)
Heart rate increased or decreased by >20 bpm 4 (0.6) 12 (1.8)
BP increased or decreased by >20 mm Hg 9 (1.4) 8 (1.2)
RR >35/min or SpO2 <92% 2 (0.3) 1 (0.1)
ECG showing major arrhythmia, ST or T changes 1 (0.2) 0 (0.0)
Decrease in alertness 1 (0.2) 3 (0.4)
Marked ventilator asynchrony 0 0
Others 5 (0.8) 4 (0.6)
Total 31 (4.8) 39 (5.7)

Values are presented as number (%). The reason, number and percentage of premature termination of early mobilization are shown. All physiotherapy sessions in 
the control and the early mobilization groups are reviewed with no missing data. In the control group, 20 patients had early termination of physiotherapy with 
31 total sessions terminated. The total sessions terminated was 39 while the number of patients with terminated sessions was 24 (n=90) in the early mobilization 
group.
BP: blood pressure; RR: respiratory rate; SpO2: oxygen saturation; ECG: electrocardiogram; ST: ST segment.
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Table 2. Characteristics of the control group and the group receiving early mobilization on their admission to the intensive care unit
Characteristics Control (n=92) Early mobilization (n=90) P-value
Male (%) 70.7 66.7 0.63
Age (yr) 67 (56–78) 66 (56–76) 0.87
Speciality (%)
  Medical 51.1 47.9 0.77
  Surgical and orthopedics 48.9 52.1
Admission type (%)
  Nonoperative 66.3 64.4 0.88
  Postoperative 33.7 35.6
APACHE IV score 84 (66.5–102.3) 76.5 (60–100.5) 0.26
Ventilated patient (%) 81.5 64.4 0.01
Ventilation day 3 (0.25–5) 1 (0–3) <0.01
Mobility on admission to ICU 1 (1–1) 1 (0–1) 0.68
ICU attendance 5 (3–7) 4 (3–9) 0.48

Values are presented as median (interquartile range) unless otherwise indicated.
APACHE: Acute Physiology and Chronic Health Evaluation; ICU: intensive care unit.

shown no difference in mortality (Figure 2C). Ninety days 

mortality analysis also showed no difference but is not shown 

due to the small number of participants and wide overlapping 

confidence intervals. 

Subgroup analysis with three specific subgroups of patients, 

namely mechanically ventilated patients, postoperative pa-

tients, and severely ill patients, did not yield statistically sig-

nificant results. This was expected due to the relatively small 

number of patients in each subgroup. 

Early Mobilization Improves Mobility Score
Despite similar length of intensive care hospitalization, we 

observed an improvement in mobility scoring of 2.63 (95% 

confidence interval, 0.65–4.61; P<0.001) (Figure 2D) within 

intensive care hospitalization in the group receiving early mo-

bilization, a substantial improvement from the usual mobility 

score of 1–2 (mean, 1.8; standard deviation, 1.8) in the control 

cohort. 

Higher Mobilization Scores Were Achieved Earlier 
In the early mobilization group, patients were able to achieve 

higher mobility scores earlier on in the course of their inten-

sive care unit stay. While there is no difference in limb mobi-

lization achievements in the control group of day 2 and early 

mobilization group of day 1 (P=0.39), mobilization out of bed 

is the first stage showing differences in outcomes, with the 

control group mobilising out of bed on day 21 compared to day 

5 (P<0.001) of the early mobilization group. While only one pa-

tient achieved walking in the control group at day 11 (median 

undefined), 44.4% were able to do so in the early mobilization 

group at a median of day 14 (P<0.001) (Figure 2E). 

Early Mobilization Was Well Tolerated
Early mobilization was well tolerated in the majority of pa-

tients, with the distribution of a predefined criterion for stop-

ping mobilization similar to the control group (Table 1). Due 

to low numbers of failure in early mobilization, in analysis 

with grouped patient factors, cardiovascular-respiratory and 

other reasons for cessation of exercise, comparison with the 

control group showed no differences in terms of the frequen-

cy of cessation of exercise (P=0.25, n=1,325; chi-square test). 

We did not note any major safety events leading to direct pa-

tient harm. 

DISCUSSION 

Extending Early Mobilization as an Intervention 
Benefited All Intensive Care Unit Patients 
An extension towards all admitted patients yielded similar in-

tensive care hospitalization days but did not show a reduction 

in post intensive care hospitalization days. However, patients 

who were involved in an early rehabilitative program had sub-

stantially better mobility scores compared to the control group. 

Importantly, this mean discharge mobility score indicates an 

ability for basic self-function in the subsequent general ward 

stay [16,17]. In keeping with our expectations, no mortality dif-

ference was observed between the cohorts. Importantly, sur-

gical and orthopedic patients can also benefit from increased 
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mobilization as the effect is not limited to mechanically venti-

lated patients. 

Defining Earliness in Early Mobilization 
Classically, most intensive care patients are minimally mo-

bilized and the majority of physiotherapy performed evolves 

around chest physiotherapy [3,4,18]. Earlier mobilization had 

been proposed by various authors with good results but with-

out clear consensus on the “earliness.” To our knowledge, no 

literature currently defines the timeframe in the performance 

of certain targets as early, while most studies opt to define ear-

ly mobilization merely as the commencement of mobilization 

within a certain timeframe or suggest optimal times for begin-

ning mobilization [6-8,10,19]. 

We show that limb mobilization can generally be performed 

by day 1 of intensive care unit admission, whereas mobiliza-

tion out of bed can mostly be achieved by day 5 of intensive 

care admission. Limb mobilization itself is frequently per-

formed in all patients even prior to the establishment of an 

early physiotherapy program and does not have any value in 

predicting subsequent mobility. Further works teasing out the 

effect of each mobilization step, including its omission, will 

prove interesting. Although initial results do question the value 

of passive limb mobilization, where its effect alone is absent in 

terms of length of stay and unclear in prevention of contrac-

tures in neurological diseases [6,20], it may provide theoretical 

advantage in preparation for the next mobility phase [21]. 

Importantly, sitting out of bed itself is the major achieve-

Figure 2. (A) The length of hospitalization in the intensive care unit (ICU) of the control group (n=92; median, 6; interquartile range [IQR], 4–9) 
and the early mobilization group (n=90; median, 6; IQR, 4–10) show no differences (P=0.89; 95% confidence interval [CI], –6.86 to 6.00; R2=0.95). 
(B) The length of hospitalization in general ward after discharge from the intensive care. The control group (n=92; median, 11; IQR, 4.25–24) and 
the early mobilization group (n=90; median, 11; IQR, 4–19) show no differences (P=0.72; 95% CI, –134 to 94; R2=0.31). (C) Survival analysis of the 
control group and the early mobilization group shows no significance at 30 and 60 days after ICU admission (P=0.27). Shaded areas within the 
dotted lines represent the 95% CI. (D) ICU Mobility Scale on admission of the control cohort (mean, 0.8; standard deviation [SD], 0.4; blue) and 
early mobilization cohort (mean, 1.2; SD, 1.5); and upon discharge in control group (mean, 1.8; SD, 1.8) and early mobilization group (mean, 4.9; 
SD, 2.9). There is a significant improvement in the mobilization scores (2.63, P<0.001; 95% CI, 0.65–4.61). (E) Time taken to achieve the selected 
mobilization targets. All data, censored and events, are marked.
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ment offered by such a program. This posture is associated 

with improved oxygenation and respiratory mechanics [22,23]. 

Further, this posture requires substantial truncal tone and 

lays the foundation for further standing and walking exercises 

[24,25]. This is important as out of bed mobilization is most 

strongly associated with reduced weakness and function, in-

cluding at after discharge from hospital [17]. 

We also show that day 14 is an achievable target for walking, 

and in addition a larger proportion of patients were also able 

to walk in the early mobilization group in comparison to the 

control group. Walking, including in-patient walking in gener-

al wards, has been associated with preservation of functional 

independence and reduced frailty, which are themselves 

valuable outcomes [26,27]. Our data reveals certain early at-

tainable targets and can serve as a reference for further works 

in this topic, although we caution against setting targets based 

on a rigid timeframe without correlation to the clinical context 

of the patient and employ rigorous clinical appraisal of limb 

strength prior to extending targets of mobilization. 

Despite this, we found no effect as described by interaction 

terms regarding the dose effect of physiotherapy, which is de-

fined by the surrogate marker of the number of physiotherapy 

sessions given. This again is in coherence with previous analy-

sis on the dose of physiotherapy [6,26], although we specifically 

excluded in analysis of patients who did not receive a minimum 

of 3 physiotherapy sessions. Hence, the attainment of an out-

of-bed target for most patients, with progress tailored to their 

tolerance, is perhaps a key determining factor of success.  

Implementation of This Program Detected No Major 
Adverse Patient Centered Effects 
One adverse event was detected, namely blood staining over 

the insertion site of a radial arterial catheter, immediately af-

ter mobilization. A review of the event showed that no issues 

with catheter integrity and its usage was continued for the 

subsequent 24 hours. The most common reasons for early 

termination are tachycardia and patient refusal. Increases in 

heart rate beyond 20 bpm is likely due to mobilization exercis-

es causing physical exertion. Overall, the results of our study 

agree with previous work in this field, indicating the feasibility 

and relative safety of early mobilization [28-30], as we did not 

find any differences in the reasons for cessation of physiother-

apy session in both groups. Interestingly, contrary to previous 

works, we did not find nurse or physician concern to be a fac-

tor for early termination [11]. Possible explanations can be the 

involvement of trained nurses in mobilization as part of the 

physiotherapy delivery team. 

Limitations of the Study 
The assessment of mechanically ventilated patients in our 

dataset is limited by the differences in the proportion of ven-

tilated individuals despite an overall similar severity of illness 

presented. This is most likely a random effect but may also 

represent changes due to the general trends in intensive care, 

or could be an improvement due to the initiation of an early 

mobilization program [12-14]. We are unable to determine 

the magnitude of the effect with these important caveats, and 

hence the differences seen in ventilated patients must be inter-

preted with caution, despite seemingly reaffirming prior stud-

ies where number of ventilated days are reduced in an early 

mobilization group [5,6,31]. Furthermore, as limited by the 

number of subjects in this study, we are unable to determine 

the subgroup of patients, such as according to disease severity, 

mechanical ventilation or postoperative status, benefit most 

from our early mobilization program. Although the outcomes 

after discharge to general ward and their subsequent discharge 

home are of great interest to assess the aftereffects of a critical 

care episode, this was not possible as it was not measured. 

Conclusion 
Early mobilization during intensive care can be offered for all 

intensive care patients and improves patient mobility scores 

upon discharge from the intensive care unit. Early mobiliza-

tion for all patients however is not associated with differences 

in terms of mortality, intensive care hospitalization and the 

length of stay after intensive care hospitalization. Further, we 

show that very early and moderately intense mobilization can 

be done with a substantial number of participants able to mo-

bilize out of bed within 5 days, and a substantial proportion 

of patients can walk by day 14 of initial intensive care unit ad-

mission. Prospective studies done in future may elucidate the 

long-term impact and to clarify the effects of each segment of 

the program. 
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