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Objective: To examine the association between the mobilization level during intensive care
unit (ICU) admission and independence in activity of daily living (ADL), defined as Barthel In-
dex (BI)>70.

Methods: This was a post-hoc analysis of the EMPICS study involving nine hospitals. Consec-
utive patients who spend >48 hours in the ICU were eligible for inclusion. Mobilization was
performed at each hospital according to the shared protocol and the highest ICU mobility
score (IMS) during the ICU stay, baseline characteristics, and Bl at hospital discharge. Multi-
ple logistic regression analysis, adjusted for baseline characteristics, was used to deter-mine
the association between the highest IMS (using the receiver operating characteristic [ROC])
and ADL.

Results: Of the 203 patients, 143 were assigned to the ADL independence group and 60 to
the ADL dependence group. The highest IMS score was significantly higher in the ADL inde-
pendence group than in the dependence group and was a predictor of ADL independence at
hospital discharge (odds ratio, 1.22; 95% confidence interval, 1.07-1.38; adjusted p=0.002).
The ROC cutoff value for the highest IMS was 6 (specificity, 0.67; sensitivity, 0.70; area under
the curve, 0.69).

Conclusion: These results indicate that, in patients who were in the ICU for more than 48
hours, that patients with good function in the ICU also exhibit good function upon discharge.
However, prospective, multicenter trials are needed to confirm this conclusion.
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INTRODUCTION

Although the short-term prognosis of intensive care unit (ICU)
patients has improved recently, long-term dysfunction has
become increasingly important [1]. Physical dysfunction after
ICU discharge results in the weakening of limbs and limitation
of ADL, and it has been reported that 50%-70% of ICU patients
develop physical dysfunction [2]. Therefore, improving the
functional prognosis of ICU patients has been recognized as an
important problem in intensive care medicine [3].

Physical dysfunction after ICU discharge can occur in all
patients, but immobility is considered a major risk factor [4,5].
Therefore, early rehabilitation for physical dysfunction should
begin immediately after admission to the ICU [6]. The effects of
early rehabilitation are widely reported, including the preven-
tion of delirium [7], shortening the length of mechanical ven-
tilation [8] and shortening the length of stay in the ICU [9,10].
Although relatively short-term results have been increasingly
reported recently, data on the relationship between the mobi-
lization level in critically ill patients and activity of daily living
(ADL) independence at hospital discharge are still lacking [11-
13]. Previous studies examined the mobilization level of ICU
patients and reported that patients discharged home had higher
ICU mobility score (IMS) scores at discharge from the ICU
than patients discharged to the facility. However, an analysis of
cutoff scores to predict ADL independence in Japan has not yet
been performed [14].

Insight into what mobilization level should be targeted during
ICU stay for early recovery may help avoid increasing depen-
dence on ADLs during the hospital discharge of critically ill pa-
tients. However, the targeted mobilization level during ICU stay
for critically ill patients remains unclear. Therefore, this study in-
vestigated the relationship between the mobilization level during
ICU admission and independence in ADL at hospital discharge.
A post-hoc analysis of the EMPICS study [11], a multicenter
prospective study of psychiatric symptoms in ICU patients three
months after hospital discharge, was performed to investigate
the association between the mobilization level during the ICU

stay and ADL independence at hospital discharge.

METHODS

Study design, setting, and patients
This was a post-hoc analysis of the EMPICS study (Association
between the achievement of Early Mobilization and Psychiatric

520  www.e-arm.org

Mobilization Level and Activity of Daily Living

symptoms in Japanese Intensive Care Survivors, UMIN ID;
000036503) [11]. This EMPICS study was approved by the Eth-
ics Committee of Nagoya Medical Center (No. 2018093) and
eight other participating hospitals. We followed the STROBE
guidelines and all methods in this study were performed in ac-
cordance with the relevant guidelines and regulations. Informed
consent was obtained from all patients. Consecutive patients,
up to 25 in each participating hospital, who stayed in the ICU
for more than 48 hours between June and December in 2019,
were eligible for enrollment. Patients under 18 years of age, un-
able to walk independently before admission, with neurological
complications, lack of communication skills due to preexisting
mental diseases, or in a terminal state were excluded.

Early mobilization protocol

In this study, we sought to mobilize all patients equally and
daily under the five-level protocol (level 1, passive range of
motion and respiratory physical therapy; level 2, active range of
motion; level 3, sitting exercise; level 4, standing exercise; and
level 5, walking exercise) tailored to each participating hospital
[11,15,16]. At each participating site, ICU physicians or phys-
iotherapists referred to the protocol and decided each patient’s
rehabilitation level based on the patient’s condition. To increase
the mobilization level above level 3, it was necessary for the
patient to meet the stability criteria listed in Supplementary Ta-
ble SI. All participating hospitals followed the evidence based
expert consensus for early rehabilitation in the ICU of the Japa-
nese society of intensive care medicine regarding the criteria for
conducting each mobilization stage of the other five-level pro-
tocol [3]. All patients received at least one rehabilitation session
per week for 20 minutes. In addition, after ICU discharge, phys-
ical or occupational therapists provided rehabilitation, such as
muscle strengthening, balance, walking, and stair exercises, for
more than 20 minutes on weekdays to each patient according
to the rehabilitation policy in the general ward of each hospital.
Therefore, in this study; it is difficult to confirm the relationship
between the mobilization level after ICU discharge and ADL
independence at hospital discharge. Detailed characteristics of

the institutions are listed in Supplementary Table S2.

Data collection

The mobilization level during the ICU stay was assessed daily
by a physio-therapist using IMS. The IMS is a quick and easy
method to measure bedside mobility in a critically ill patient.
As a functional endpoint in ICU rehabilitation studies, the IMS



provides a sensitive 11-point ordinal scale, ranging from noth-
ing (lying/passive exercises in bed, score 0), sitting in bed, ex-
ercises in bed (any activity in bed, score 1), passively moved to
chair (score 2), sitting over edge of bed (score 3), standing (score
4), transferring bed to chair (score 5), marching on spot (at
bedside, score 6), walking with assistance of 2 or more people
(score 7), walking with assistance of 1 person (score 8), walking
independently with a gait aid (score 9), and independent ambu-
lation (score 10) [17]. At the time of ICU admission, the follow-
ing basic patient information was recorded: age, sex, body mass
index (BMI), Acute Physiology and Chronic Health Evaluation
IT score, Sequential Organ Failure Assessment (SOFA) score,
Charlson Comorbidity Index (CCI), Barthel Index (BI) before
hospitalization, ICU admission diagnosis, ICU and hospital
length of stay, the incidence of ICU-acquired weakness (ICU-
AW) at ICU discharge, EuroQol-5 Dimensions-5 Levels (EQ-
5D-5L) at hospital discharge, [18] and in-hospital mortality.

Additionally, BI was measured at discharge. As in previ-
ous studies, ADL dependence was defined as BI<70 points
[7,11,12,19], and mobilization was defined as being able to sit on
the edge of the bed or a higher degree of mobility [9,11,12,19,20].
In this study, early rehabilitation was defined as within the first
72 hours after ICU admission [3]. BI pre-hospitalization was as-
sessed at the time of admission to the ICU based on information
from the family or patients if they were conscious. ICU-AW was
defined as a Medical Research Council sum score (evaluated by
a physical therapist)<48 at ICU discharge [21].

Statistical analysis

We compared patient characteristics by ADL independence at
hospital discharge expressed as median (interquartile range)
or the number of cases (%) in the data of both groups. For the
analysis of continuous variable, the Mann-Whitney U-test was
used for nominal variables, the X2 test or Fisher’s exact test, as
appropriate. Before using a non-parametric test, the distribu-
tion of each parameter was assessed with the Shapiro-Wilk test.
Deaths were excluded from the analysis of ICU and hospital
length of stays, as using the ICU and hospital length of stays for
early deaths may incorrectly shorten the hospital days in the
ADL dependent group.

To assess the association between the highest IMS and inde-
pendence in ADL at hospital discharge, multivariable logistic
regression was performed, adjusting for covariates such as age,
BMI, CCI, BI before hospitalization, ICU admission diagnosis
(sepsis of non-pulmonary origin status), and SOFA score at
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ICU admission. These variables were selected based on the re-
sults of previous studies and our clinical interest [9,11,12,15,16].
Results are reported as odds ratio (OR) and 95% confidence
interval (95% CI). Receiver operating characteristic (ROC)
were constructed for ADL independence at hospital discharge
and highest IMS during ICU stay and the area under the curve
(AUC) was calculated. To further look for associations between
highest IMS during ICU stay and other outcomes, we per-
formed logistic regression analysis with length of ICU (>7 days)
and hospital (>28 days) and EQ-5D-5L (>0.5) at discharge as
objective variables. Variables were modeled as continuous data
when appropriate or were dichotomized using clinically rele-
vant cutoff values.

Next, the patients were divided into two groups for a sensi-
tivity analysis based on changes in the SOFA score, to assess
the progress in mobilization. In one group, the SOFA score
improved or did not change from the time of ICU admission
to the next day (unchanged SOFA score), whereas in the other
group, the SOFA score had worsened (worse SOFA score). For
sensitivity analysis, we restricted the number of covariates to
four: age, BMI, CCI, and BI before hospitalization to prevent
model over fitting. Variables in the model with p<0.05 from the
lack-of-fit test were excluded from the results of this study con-
sidering non-fitting [22].

We then performed one subanalysis. We excluded those who
died in hospital because the association between ADL indepen-
dence and mortality is assumed to be bidirectional: ADL depen-
dence may be a consequence of mortality. Covariates in the mul-
tivariate analysis included age, BMI, CCI, and prehospital BIL.

All analyses were performed using the JMP software (version
13.0; SAS Institute Inc.). Statistical tests were two-sided, and
statistical significance was defined as p<0.05.

RESULTS

Baseline characteristics

A total of 1,014 patients were admitted to the ICU. After the ex-
clusion of patients younger than 18 years, unable to walk inde-
pendently before admission, patients with neurological compli-
cations, lacking communication skills due to preexisting mental
ill-ness, and terminal patients, 203 patients remained. In all pa-
tients, the mobilization level activity was assessed by a full-time
physiotherapist (Fig. 1). Independent ADL hospital discharge
was observed in 143 patients (ADL independence group) but
not in 60 patients (ADL dependence group, including death in
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the hospital.
Table 1 shows the baseline characteristics of patients in the
entire study cohort and in the ADL independence and ADL

1,014 Patients who were newly admitted to
ICU and stayed for at least 48 hours

811 Patients excluded
*71Aged <18 yr
* 91 Unable to walk independently before
admission
7|+ 429 With central nervous system disorders
« 141 History of psychiatric disorders that
could affect communication
« 79 Terminal conditions

203 Patients registered

v v

143 Patients ADL 60 Patients ADL
independence group dependence or death group

Fig. 1. Flow chart of the patient selection process. ICU, intensive
care unit; ADL, activity of daily living.

Mobilization Level and Activity of Daily Living

dependence groups. Intergroup comparisons revealed signifi-
cant differences (Table 1) in age (p<0.001), BMI (p=0.004), BI
before hospitalization (p=0.040), SOFA score at ICU admission
(p=0.001), highest IMS during ICU admission (p<0.001), ICU
length of stay (p<0.001), incidence of ICU-AW (p<0.001) and
EQ-5D-5L score at hospital discharge (p<0.001). In this study,
25 patients (12.3%) died during hospitalization and were in-
cluded in the analysis as an ADL dependency group.

Relationship between ADL independence and the highest
IMS in the ICU

No multicollinearity was found between the variables highest
IMS, age, BMI, BI before hospitalization, sepsis, non-pulmo-
nary status, and SOFA score at ICU admission. Performing
multivariable logistic regression analysis using these variables,
revealed that the highest IMS (OR, 1.22; 95% CI, 1.07-1.38;
p=0.002), age (OR, 0.93; 95% CI, 0.89-0.96; p<0.001), and
SOFA score (OR, 0.91; 95% CI, 0.83-1.01; p=0.069) were inde-
pendent factors for independence in ADL at hospital discharge
(Table 2). On performing multivariable logistic regression anal-
ysis with ICU (>7 days) and hospital length of stay (>28 days)

Table 1. Comparison of patient characteristics based the ADL independence at hospital discharge

Variable All patients (n=203) ADL independence (n=143) ADL dependence (n=60) p-value
Age (yr) 71(61-79) 69 (57-76) 78 (70-85) <0.001
Sex, male 131 (64.5) 96 (67.1) 35(58.3) 0.262
Body mass index (kg/m°) 23 (20-26) 23 (21-26) 22 (19-24) 0.004
Charlson Comorbidity Index 2(1-3) 2(1-3) 2(0-3) 0.783
Barthel Index before hospitalization” 100 (100-100) 100 (100-100) 100 (100-100) 0.040
ICU admission diagnosis

Acute respiratory failure 43 (21.2) 30 (21.0) 22(36.7) 0.074

Cardiovascular disease 74 (36.5) 48(33.6) 10(16.7)

Gastric or colonic surgery 31(15.3) 23(16.1) 8(13.3)

Sepsis, non-pulmonary origin status 32(15.8) 22 (15.4) 12(20.0)

Other diagnoses 23(11.3) 20 (14.0) 8(13.3)
APACHE II score 20 (14-25) 18(13-24) 21 (16-28) .
SOFA at ICU admission 7(4-10) 6(3-9) 8(6-10) 0.001
Highest IMS during ICU stay 6(3-8) 7 (4-9) 4(2-7) <0.001
ICU length of stay” 5(4-9) 5(3-7) 8(4-14) 0.001
Incidence of ICU-acquired weakness 42(20.7) 20 (14.0) 22 (36.7) <0.001
Hospital length of stay”’ 18 (10-25) 25 (19-44) 32(21-67) 0.104
EQ-5D-5L at hospital discharge” 0.7(0.4-0.9) 0.8(0.7-0.9) 0.4(0.2-0.6) <0.001
In-hospital mortality 25(12.3) 0(0) 25 (41.7) -

Values are presented as median (IQR) or number (%).

ADL, activity of daily living; ICU, intensive care unit; APACHE II, Acute Physiology and Chronic Health Evaluation II; SOFA, Sequential Organ Failure
Assessment; IMS, ICU mobility scale; EQ-5D-5L, EuroQol-5 Dimensions-5 Levels.
“Barthel Index before hospitalization was scored at the time of ICU admission based on the information from the family or the patients if they were

conscious.
YExcluding fatal case.
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and EQ-5D-5L (>0.5 point) at discharge as objective variables,
we found that EQ-5D-5L at discharge (OR, 1.14; 95% CI, 1.01-
1.31; p=0.039) was significantly associated with the highest
IMS (Table 3). Fig. 2 shows the ROC curve for the highest IMS
during ICU stay as a predictor of ADL at discharge. The cutoff
value was IMS 6 (specificity, 0.67; sensitivity, 0.70; AUC, 0.69).

Maximum level of activity from day 1 to 7
All patients in this study started rehabilitation within 48 hours.
A total of 164 patients (80.8%) were mobilized (sit on the edge
of the bed or a higher degree of mobility) within the first seven
days of their ICU stay. On day 1 of ICU admission, 128 out of
203 patient (63.1%) underwent rehabilitation at the IMS 0 level,
51 patients (25.1%) at IMS 1-2, 8 patients (3.9%) at IMS 3, 11
patients (5.4%) at IMS 4-6, and 5 patient (2.5%) at IMS 7-10.
The number of patients who underwent rehabilitation with
an IMS of zero decreased from 63% to 19% on day 3, and to 7%
on day 7. The fraction of patients with IMS 1-2 did not change
within seven days of ICU admission. The fraction of patients
with IMS or more is low on ICU days 1 (12%) and 2 (26%), in-
creased from day 3 (47%) to 5 (57%), and remained at the same
level on ICU days 6 (56%) and 7 (64%) (Supplementary Table
S3). All rehabilitation sessions were performed for 20 minutes

regardless of intensity.
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Sensitivity and subanalysis

Supplementary Fig. S1 and Table 4 show the results of the
analysis of the relationship between independence in ADL at
hospital discharge and the highest IMS in the ICU in the two

1.0

0.8

0.6

Sensitivity

0.4

0.2
AUC 0.69

0.0
0.0 0.2 04 0.6 0.8 1.0
1-Specificity

Fig. 2. Receiver operating characteristic curve for highest
intensive care unit mobility scale and independence of activity
daily living. AUC, area under the curve.

Table 2. Multivariable logistic regression analysis of independent variables for the activity of daily living independence at hospital

discharge

. Activity of daily living independence
Variable Odds ratio 95% CI p-value
Highest ICU mobility scale 1.22 1.07-1.38 0.002
Age 0.93 0.89-0.96 <0.001
Body mass index 1.04 0.96-1.14 0.296
Charlson Comorbidity Index 1.11 0.92-1.34 0.264
Barthel Index before hospitalization 1.01 0.97-1.04 0.574
Sepsis, non-pulmonary origin status 0.88 0.34-2.24 0.785
SOFA at ICU admission 0.91 0.83-1.01 0.069
Model x*-test p<0.01; AUC, 0.81.
95% CI, 95% confidence interval; ICU, intensive care unit; SOFA, Sequential Organ Failure Assessment.
Table 3. Association between highest ICU mobility scale and other outcomes, excluding fatal case

Unadjusted odds ratio (95% CI) p-value Adjusted odds ratio” (95% CI) p-value

ICU length of stay (>7 day) 0.94 (0.84-1.05) 0.271 1.01 (0.89-1.15) 0.837
Hospital length of stay (>28 day) 0.91 (0.82-1.01) 0.068 0.96 (0.86-1.08) 0.526
EQ-5D-5L at hospital discharge (>0.5 point) 1.20 (1.07-1.36) 0.002 1.14 (1.01-1.31) 0.039

ICU, intensive care unit; 95% CI, confidence interval; EQ-5D-5L, Euro Qol-5 Dimensionss-5 Levels.
“The covariates in the multivariable analysis included age, body mass index, Charlson Comorbidity Index, Barthel Index before hospitalization, sepsis,
non-pulmonary origin status, Sequential Organ Failure Assessment score at ICU admission.
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Table 4. Multivariate logistic regression analysis of independent variables for activity of daily living independence at hospital discharge

with unchanged and worse SOFA score

ADL independence group with unchanged SOFA score (n=104)

ADL independent group with worse SOFA score (n=39)

Odds ratio 95% CI p-value Odds ratio 95% CI p-value
Highest IMS 1.43 1.16-1.76 <0.001 1.17 1.02-1.34 0.020
Odds ratio adjusted 1.23 1.03-1.46 0.016 1.14 0.95-1.41 0.095

with covariates™

SOFA, Sequential Organ Failure Assessment; ADL, activity of daily living; 95% CI, 95% confidence intervals; IMS, intensive care unit mobility scale.
“The covariates in the multivariable analysis included age, body mass index, Charlson Comorbidity Index, Barthel Index before hospitalization.

groups of SOFA scores. Logistic regression analysis showed that
the highest IMS was significantly correlated with ADL inde-
pendence at hospital discharge (OR, 1.23; 95% CI, 1.03-1.46;
adjusted p=0.016) when the SOFA score remained unchanged.
In the ROC curve, the cutoff value was IMS 7 (specificity, 0.85;
sensitivity, 0.63; AUC, 0.76).

In contact, logistic regression analysis showed that the highest
IMS in the worse SOFA score group was not significantly correlat-
ed with ADL independence at hospital discharge (OR, 1.14; 95%
CI, 0.95-1.41; adjusted p=0.095). In the ROC curve, the cutoff val-
ue was IMS 5 (specificity, 0.53; sensitivity, 0.63; AUC, 0.65). In the
subanalysis, our results remained unchanged even upon excluding
those who died in the hospital (Supplementary Table S4).

DISCUSSION

This study examined the association between ADL indepen-
dence at the hospital discharge of critically ill patients admitted
to the ICU and the mobilization level during their stay in the
ICU. The highest IMS during ICU stay was significantly higher
in the group with ADL independence at hospital discharge.
Multivariate analysis also showed a significant association be-
tween ADL independence at hospital discharge and the highest
IMS during ICU stay. To our knowledge, this is the first report
of the association between independence in ADL at hospital
discharge and mobilization level during an ICU stay.
Multivariable analysis showed that the highest IMS score
during ICU stay was strongly associated with independence in
ADL at hospital discharge. A previous study also reported that
IMS during ICU admission was a predictor of home discharge,
and our study had similar results [13]. The primary results of
this study suggest that good functioning during ICU stay may
be significantly related to ADL independence at discharge. The
Katz and Barthel Indices used in conventional rehabilitation
assessment, do not change significantly in the ICU, and it is
difficult to make a difference [3]. On the other hand, recently,

524  www.e-arm.org

the IMS has been widely used early rehabilitation in the ICU
because it can assess baseline function in more detail. Other
measures of physical function that have been developed for use
in the ICU include the Functional Status Score for the ICU [23],
physical function in the ICU test [24], and medical research
council scores [25]. However, there are limitations to the gen-
eralization in the ICU, such as the lack of reliability or validity
evaluation in the ICU, and time-consuming measurements in
these evaluation scales [26,27]. IMS has the advantage of being
easy to assess, reliable when performed by a nurse or phys-
iotherapist, takes less than a minute, and requires no special
equipment. The IMS have demonstrated adequate levels of reli-
ability when applied to diverse patient populations hospitalized
in the ICU [13,28]. The advantages of IMS support its use in the
ICU to measure a patient's daily mobility level. Furthermore,
in this study, highest IMS during ICU stay was significantly as-
sociated with EQ-5D-5L at hospital discharge. The EQ-5D-5L
primarily measures quality of life, with 3 out of 5 items related
to ADL. Therefore, IMS may show an association not only with
physical function, but also with physical quality of life at hospi-
tal discharge, suggesting that future studies should examine the
relationship between mobilization level and other outcomes.
The area under the ROC curve showed similar results to pre-
vious studies on home discharge outcomes with 70% sensitivity,
67% specificity, and 69% accuracy [29]. Patients in this study
were age older, tended to be more severe than in previous stud-
ies, and may have been influenced by the patient's condition (i.e.,
sedation or hemodynamic instability) in their degree of mobil-
ity in the ICU [13,23]. The IMS showed considerable accuracy
in predicting independence in ADL with an AUC of 0.76 in the
group worse SOFA score had not worsened since the ICU ad-
mission (unchanged SOFA group). In the study by Tipping et al.
[29], the ROC curve for IMS was not determined. However, the
higher the IMS at the time of ICU discharge, the better the dis-
charge prediction by the logistic regression model. This seems
logical from a clinical viewpoint, as more functional patients



tend to perform ADL independently after the acute phase.

The IMS rating, which provided the highest accuracy for early
determination of whether a patient was independent of ADL
at hospital discharge had a strength of six or higher. A Japanese
multicenter study investigating the safety of early mobilization
reported that the incidence of adverse events increased with the
mobilization level be-yond standing [15]. Delayed mobilization
due to adverse events occurring while the patient is standing
may be associated with independence in ADL at hospital dis-
charge. Furthermore, the results of the subanalysis of this study
showed that the highest IMS during the ICU stay was not asso-
ciated with ADL independence at hospital discharge in patients
who could not achieve the rehabilitation of IMS>6 or worse
SOFA score worsened during the ICU stay. Our study suggests
that if the rehabilitation of IMS 6 or higher cannot be achieved
in the ICU, the time to the first IMS of 6 or higher, including the
total length of hospital stay, may predict ADL independence at
hospital discharge. In this study, the incidence of ICU-AW was
significantly higher in the ADL dependent group. There is a pos-
sibility that ICU-AW had a direct impact on the highest mobility
level, and future investigation may be necessary the relationship
between the incidence of ICU-AW and the highest IMS.

This study had some limitations. First, confounding factors
that could not be adjusted for may have had a relatively large
impact on the results. Second, the results were limited to short-
term follow-up. Third, whether patients could receive rehabil-
itation at the bedside level or higher depended on the rehabil-
itation policy of each participating hospital. Fourth, the IMS
is itself an assessment tool, consisting of classifications based
on functional activity. Factors such as muscle strength, degree
of ventilator support, and oxygen demand can cause patients
to perceive different intensities during the same mobilization
phase. This study may have lacked objectivity as a method for
expressing exercise intensity. Future studies should use the
variable “amount of rehabilitation” instead of focusing solely on
mobilization level. A multicenter randomized controlled trial
with more patients is needed to further validate these findings
and investigate causality.

For the above reason, good function during ICU stay is sig-
nificantly related to independence in ADL at hospital discharge.
This finding argues with future prospective multicenter trials.
In patients whose SOFA score do not show deterioration, the
mobilization level achieved during ICU admission could be an
important parameter for maximizing the beneficial effect on

patient outcomes.
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