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Effects of Mobilization among Critically Ill Patients in the
Intensive Care Unit: A Single-center Retrospective Study

Shinichi Watanabe, PT, PhD #" Keibun Liu, MD, PhD © Yasunari Morita, MD ¢ Takahiro Kanaya, ST 2

Yuji Naito, PT ? Shuichi Suzuki, MD ¢ and Yoshinori Hasegawa, MD, PhD ¢

Objectives: This study investigated the effect of early mobilization [EM; physical rehabilitation
with the intensity needed to sit on the edge of the bed started within 5 days of intensive care unit
(ICU) admission] in relation to improvements in gait independence and other clinical outcomes.
Methods: This retrospective single-center study evaluated patients aged at least 18 years who
stayed in the ICU for at least 48 h and were categorized into EM and late mobilization (LM; physi-
cal rehabilitation started more than 5 days after ICU admission) groups. Outcomes were compared
after adjusting for 20 background factors by propensity score matching and inverse probability
of treatment weighting. The primary outcome was independent gait at discharge. The secondary
outcomes were medical costs, 90-day survival, and durations of ICU and hospital stays. Results:
Of 177 patients, 85 and 92 were enrolled in the EM and LM groups, respectively. Propensity score
matching created 37 patient pairs. There was no significant difference in the 90-day survival
rate (P=0.308) or medical costs (P=0.054), whereas independent gait at discharge (P=0.025) and
duration of hospital stay (P=0.013) differed significantly. Multivariate logistic regression analysis
showed that EM was independently associated with independent gait at discharge (P=0.011) and
duration of hospital stay (P=0.010) but was not associated with 90-day survival (odds ratio: 2.64,
95% confidence interval: 0.67-13.12, P=0.169). Conclusions: Early mobilization in the ICU did
not affect 90-day survival and did not lower medical costs but was associated with independent

gait at discharge and shorter hospital stays.
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INTRODUCTION

Patients who undergo mechanical ventilation or sedation
in the intensive care unit (ICU) may require long-term reha-
bilitation because they develop post-intensive care syndrome
(PICS).D PICS is a collection of symptoms that persist even
after successful discharge from the ICU. Patients with PICS
may have new or worsening cognitive, emotional, and physi-
cal symptoms.'=)

Patients receiving mechanical ventilation in the ICU may

require long-term rehabilitation if they develop severe physi-
cal impairments such as abnormal gait even after they have
recovered from their acute illness and are discharged from
the ICU.1? Gait disability after discharge from the ICU
occurs in 40%-70% of ICU survivors'® and may last for
several months or years after hospital discharge.”)

Early mobilization (EM) is recommended to address these
issues and improve functional prognosis.®) Previous studies
have indicated that initiating EM soon after ICU admission
could reduce the incidences of ICU-acquired weakness (ICU-
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AW) and delirium,”® lengths of ICU and hospital stay,®?)
duration of mechanical ventilation,® and medical costs.!%:!D
Although many reports have indicated that EM improves
functional outcomes among ICU patients, there is no clear
information regarding the optimal timing and targets for EM.
Furthermore, the definition of “early” in the literature varies
from 2 to 7 days after admission. Moreover, consensus and
clarification from Japanese experts are lacking,'” making
inter-study comparisons difficult.!>!'¥) Morris et al.” reported
that mobilization within 5 days of admission was associated
with shorter ICU and hospital stays, although this study
did not adequately evaluate physical function such as gait
independence. Schweickert et al. applied EM and interrup-
tion of sedation within 72 h of ICU admission and reported
higher independent functionality at hospital discharge.® In
contrast, initiating mobilization later, such as after 1 week of
ICU admission, exhibited no beneficial effect.!”) The Extra
Physiotherapy in Critical Care (EPICC) trial conducted on
ICU patients reported that EM in the ICU showed no differ-
ence in physical outcomes after 6 months relative to standard
care.!®) In contrast, some of the studies conducted in recent
years have not reported positive outcomes in relation to
EM.!7!® This is because the subjects, content of the interven-
tion, intervention duration, start time, and initiation criteria
are different in each study. Whereas previous studies have
recommended out-of-bed mobilization as soon as possible,
there are few reports with a clear start time.'"” Similarly,
few reports have described the intensity of rehabilitation
that should be achieved in the ICU. The purpose of early
rehabilitation in ICU patients is to promote physical activity
and improve muscle strength and walking ability as soon
as possible. As such, a unified early rehabilitation program
should be established to allow the efficacy of mobilization to
be determined.’” To optimize the outcomes of ICU patients,
there is significant need for a defined rehabilitation start time
and intensity that could be used as indicators of the efficacy
of EM in the ICU, thereby allowing the collection of a body
of evidence for the Japanese population.

In this study, it was hypothesized that EM in the ICU would
improve outcomes. Here, the term “mobilization” indicates
restoring strength (rehabilitation) by sitting on the edge of
the bed, and “EM” indicates that the time to achieve mobili-
zation is within 5 days of ICU admission. The Intensive Care
Rehabilitation Expert Consensus in Japan recommends that

mobilization be started within 5 days of ICU admission.'?

These definitions are based on previous studies.!>420-23)
This single-center retrospective cohort study aimed to inves-

tigate the association between EM in the ICU and clinical

outcomes.

MATERIALS AND METHODS

Study Design

This study was a secondary analysis of the dataset col-
lected in a previous study that investigated daily differences
in the barriers to, and implementation status of, EM in the
first week of ICU stay.?) All patients admitted to the ICU
from January 2016 to March 2019 were screened. Patients
were excluded if they were discharged within 48 h, were less
than 18 years old, were unable to walk independently before
hospitalization, were neurologically impaired, had difficulty
communicating, had mobility-limiting conditions (e.g., un-
stable pelvic fractures), were considered terminal or at the
end of life, or died during the ICU stay; all other patients
were included. The included patients were categorized into
two groups: the EM group, which was composed of patients
who improved their strength by sitting on the bedside within
the first 5 days of ICU admission, and the late mobilization
(LM) group, which was composed of patients who could not
achieve EM.

The EM Protocol

The following items were assessed based on the existing
literature: problems in the ICU related to implementation
of the EM strategy, the availability of effective evaluation
systems and protocols, the presence of discontinuation cri-
teria, and the occurrence of potential adverse events.® 10-10)
The EM protocol was an early goal-directed protocol that
included five levels and was not revised during the study
period. Tables 1 and 2 show the EM protocol, including the
initiation and discontinuation criteria.’” The final decision
on whether mobilization could be provided was made by
the clinician, depending on each patient’s condition. Table
2 shows the important routine care parameters monitored in
the ICU, which remained the same during the study period:
these parameters included pain management, sedation, de-
lirium management, and weaning from mechanical ventila-
tion. In addition, each doctor and physiotherapist involved in
implementing the EM protocol in this study had more than
10 years of experience in the ICU; therefore, there was no
change in the person-in-charge during the study period.

After ICU discharge or in the general ward, all patients
completed personalized rehabilitation protocols defined by
physical or occupational therapists. Rehabilitation protocols
in the general ward included muscle strengthening exercises,
balance exercises, walking exercises, and stair training for
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Table 1. Early mobilization protocol of the Nagoya Medical Center

hemodynamic stability

supplementary motion

movement of physical

carried out

Level 1 Respiratory |Level 2 HOB Level 3 Sitting Level 4 Standing Level 5 Walking

RASS =5 to -3 RASS>-3 RASS>-1 RASS >0 RASS >0

Physical therapy Physical therapy Physical therapy Physical therapy Physical therapy

gPassive ROM oPositioning oPositioning oPositioning oPositioning

exercise oPassive ROM exercise|0Passive ROM exercise|dPassive ROM exercise|OPassive ROM

ORespiratory physical |oActive ROM exercise |dActive ROM exercise |DActive ROM exercise |exercise

therapy oORespiratory physical |oSitting at side of bed |oStanding at side of  |DActive ROM
therapy oRising from the su-  |bed exercise
oContinuous lateral pine position oStand and pivottoa |OWalk with assistance
rotation therapy chair oWalk independently

Positioning Positioning Positioning Positioning Positioning

oPosture change oPosture change oPosture change oPosture change oPosture change

oHOB <45° oHOB >60° oHOB >60° oHOB >60° oHOB >60°

Step up criteria Step up criteria Step up criteria Step up criteria Step up criterion

oOxygenation/ oCan withstand oCan endure the active |DAll exercise can be  |oIncrease walking

distance gradually

ment possible

oCan withstand of physical therapy therapy oCan withstand partial
posture change oCan withstand HOB |oCan withstand HOB  |weight standing

oCan withstand HOB  |<60° <60°

<45° OAnti-gravity move- |0Can withstand sitting

at side of bed

Step up criterion to level 3 or higher are defined as

oRASS: -2 to +1, oBPS <3 or NRS <5, oSp0O2 >90%, oFI02 <0.6, oPEEP <10 cmH20, oRespiratory rate: <35 times/
min, oDMean blood pressure >65 mmHg, oHeart rate: 50 to 120 beats/min, oThere were no new arrhythmias, oNo addi-
tional administration of vasopressors, oNo bleeding, no wound with the possibility of separation, oNo unstable fracture.

ROM, range of motion; HOB, head of bed; BPS, behavioral pain scale; NRS, numeric rating scale; PEEP, positive end

expiratory pressure.

The EM protocol includes 5 levels: Level 1: head of bed elevation <45° and passive ROM; Level 2: head of bed elevation
>60°, active ROM, and continuous lateral rotation therapy; Level 3: sitting on the side of the bed and rising from the supine
position; Level 4: standing at the side of the bed, and standing and pivoting to a chair; and Level 5: walking with assistance

and walking independently.
From Watanabe et al.?!

20 min/day on weekdays.

Data Collection

Patients’ electronic medical records were searched to col-
lect relevant data. Baseline characteristics recorded on ICU
admission included age; sex; body mass index; Charlson
Comorbidity Index?¥; admission source; diagnosis at ICU
admission; Acute Physiology and Chronic Health Evaluation
IT (APACHE II) score; Sequential Organ Failure Assessment
(SOFA) score; and the use of mechanical ventilation, vaso-
pressors, continuous sedation, continuous analgesia, corti-
costeroids, neuromuscular blocking agents, and/or dialysis.
The average Richmond Agitation Sedation Scale (RASS)
score was recorded by the nurse every 2 h during days 1-5
in the ICU. Data regarding medical costs and discharge
destination were collected from the medical affairs depart-
ment. Medical costs were calculated based on the diagnosis

procedure combination/per-diem payment system and were
converted from Japanese yen to US dollars at an exchange
rate of 108 yen/dollar.?)

Study Outcomes

The primary outcome was gait independence at hospital
discharge. The secondary outcomes included medical costs,
the survival rate at 90 days after ICU discharge, duration of
mechanical ventilation, duration of ICU and hospital stays,
discharge destination (home, rehabilitation center, another
hospital, nursing home, or death), delirium during the ICU
stay, nosocomial pneumonia during the hospital stay, and
ICU-AW status at ICU discharge. Other outcomes included
ICU rehabilitation parameters (time to first rehabilitation
and mobilization, number of total and daily rehabilitation
exercises, and highest mobility score in the ICU) and ward
rehabilitation parameters (number of total and daily rehabili-
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Table 2. Daily care and background of research in the Nagoya Medical Center ICU

ICU staff
Nurses Nurse-to-patient ratio is 1:2
Doctors Doctor-to-patient ratio is 1:2 (1-3)

Rehabilitation therapists
(10 years of experience)

One full-time physiotherapist (15 years of experience) and one half-time speech therapist

Analgesia

Sedation

Agitation and delirium
delirium

Mechanical ventilation
patient condition

ICU doctors use NRS and BPS to assess pain and adjust the dose of analgesics
ICU doctors assess RASS and prescribe sedatives and analgesics based on the assessment
ICU doctors prescribe or adjust sedatives or antipsychotics based on the assessment of

No specific ventilation protocols. ICU physicians adjust the mode or settings based on

ICDSC, intensive care delirium screening checklist.

Nagoya Medical Center is a tertiary care hospital with a 740-bed general hospital and a 6-bed mixed ICU in which the
role of ICU physicians is to provide mandatory consultation at all ICU admissions. The admission route to the ICU is from
the emergency room and hospital wards. All admissions to the ICU from the emergency room are the result of unscheduled
urgent serious illness, and admission from the hospital ward is the result of a postoperative or unscheduled emergency that
occurs in the ward. On the dayshift, ICU staff includes ICU physicians (three intensivists, one junior resident) and nurses
(including one nurse certified in critical care), a physical therapist, a speech therapist, a pharmacist, and a dietitian.

tation exercises). The ICU mobility scale (IMS) is a sensitive
11-point ordinal scale with scores ranging from 0 (no mobili-
zation) to 10 (independent ambulation).”® At the time of ICU
discharge, physiotherapists assessed the patient’s muscle
strength by using the Medical Research Council sum score
to determine whether ICU-AW was present (full strength:
60/60 points, ICU-AW: <48/60 points).'”

Statistical Analysis

The EM and LM groups were compared to identify dif-
ferences in baseline characteristics, clinical and economic
outcomes, and mobilization outcomes. Continuous variables
were compared using the Mann—Whitney U test, and cate-
gorical variables were compared using the y? test. Propensity
score matching was applied to reduce the influence of 20
potential confounding factors'’->1->7-2% that were expected to
influence the outcomes, as per the current literature (Table
3). Logistic regression analysis was used to calculate the
propensity scores, and 1:1 pair-matching (nearest-neighbor
matching) was performed using a greedy matching technique
and a caliper width of 0.2. Standardized differences were used
to measure covariate balances, and a meaningful imbalance
was considered at values of >10%. In sensitivity analysis, the
inverse probability of treatment weighting (IPTW) method
based on propensity scores was applied to the outcome fac-
tors that were associated with EM.?? By using the estimated
propensity scores to construct data weights, we were able to
adjust for confounding factors between the binary groups;
this approach facilitated an evaluation of causal effects

without reducing the sample size. Variables were modeled
as continuous data when appropriate or were dichotomized
using clinically relevant cutoff values. Univariate logistic
regression analysis was performed based on the propensity
score matching and IPTW odds ratios (ORs) and confidence
intervals (CIs).

Furthermore, a sub-analysis was performed to investigate
the effectiveness of EM in patients who stayed in the ICU for
5 days and more. Multiple logistic regression analysis was
performed to determine the primary outcome with covari-
ates, including admission source, APACHE II score, SOFA
score, continuous vasopressor use, and RASS score from
days 1 to 5, which were considered factors related to the pri-
mary and secondary outcome in previous reports.'-27.28:30-32)
For the sub-analysis of secondary outcomes and other out-
comes, multiple linear and logistic regression analyses were
performed for log-transformed continuous and categorical
variables, respectively; the covariates used for the secondary
and other outcomes were the same as those used in analyz-
ing the primary outcome. The sub-analysis was conducted to
compare patients who fulfilled the EM initiation criteria but
had delayed mobilization with those who achieved EM. To
analyze only patients who satisfied the EM initiation criteria,
multiple linear and logistic regression analyses, adjusted for
the same covariates, were performed after excluding patients
in the LM group who did not meet the criteria for mobiliza-
tion by day 5 of admission to the ICU.

By changing the definition of “early mobilization” into
mobilization within 3, 4, 6, or 7 days of ICU admission, we

Copyright © 2022 The Japanese Association of Rehabilitation Medicine
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1429 Patients screened
ICU new entry patients

531

448

1223 excluded patients

Patients discharged from the ICU within 48 hours <48 h

23 Age <18 years

99 Loss of walking independence before hospitalization
Neurological patients?

73 Patients with a history of diseases that affect communication

39 Condition limiting mobilization including unstable pelvic fractures
20 Terminal/ end of life patients

19 Deaths during ICU

177 Alive at ICU discharge

85 Early mobilization group

92 Late mobilization group

Propensity score matching

37 patients

37 patients

Fig. 1. Flowchart of patient selection process. *Neurological diseases (in excluded patients) included cerebral infarction,

cerebral hemorrhage, acute subdural hematoma, acute epidural hematoma, traumatic subarachnoid hemorrhage, and en-

cephalitis.

employed the same method (univariate logistic regression
analysis after propensity score matching) as the primary
analysis to investigate the impact on outcomes of the differ-
ences in the definition of “early mobilization”.

All analyses were performed using JMP (version 13.0; SAS
Institute, Cary, NC, USA) and IBM SPSS software (version
23.0; IBM, Armonk, NY, USA), and the differences were
considered statistically significant at two-sided P-values of
<0.05.

Ethics and Consent

The study was conducted after receiving approval from the
Institutional Review Board (IRB) at Nagoya Medical Center
Hospital (IRB approval number 2019-78). All data were
de-identified to protect the confidentiality of the personal

information. The study qualified for exempt status accord-
ing to the IRB because the data were collected from existing
patient records. Therefore, the need for patient consent was
waived.

RESULTS

During the study period (January 2016 to March 2019), the
ICU admitted 1429 patients, of which 177 patients were eli-
gible for this study (Fig. 1). However, considering the exclu-
sion criteria, 19 patients who died during the ICU stay were
excluded. Before the propensity score matching, the LM
group had significantly lower values for the ICU admission
diagnosis (sepsis) (P=0.020), APACHE II score (P=0.008),
SOFA score (P <0.001), mechanical ventilation use (P=0.030),

Copyright © 2022 The Japanese Association of Rehabilitation Medicine
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7]

— Late mobilization
- Early mobilization

Density

0.4
Propensity score

0 0.2 0.6 0.8 1

Fig. 2. Data distribution before and after propensity score
matching for early mobilization (EM) and late mobilization
(LM). The propensity scores before matching: EM, 0.701 +
0.237; LM, 0.276 + 0.268; propensity scores after matching:
EM, 0.515 £ 0.237; LM, 0.512 + 0237.

continuous vasopressor use (P=0.006), continuous sedation
(P=0.030), analgesia use (P=0.043), and median RASS score
during days 1-5 (P <0.001) (Table 3). The propensity scores
were calculated using logistic regression analysis that was
adjusted for 20 background factors; this produced 37 pairs of
patients from the EM and LM groups (Fig. 2).

After the matching, the two groups had very similar pro-
pensity scores (EM: 0.515 + 0.237, LM: 0.512 £ 0.237), and
no significant difference was observed in the baseline char-
acteristics (Table 3). Patient background factors generally
had a standard deviation (SD) of <0.1; however, intraopera-
tive admission diagnosis, cardiovascular complications, and
continuous administration of steroids and neuromuscular
blocking agents had an SD >0.1.

Gait independence at discharge was significantly different
between the EM (89%) and LM (65%) groups (P=0.025).
Medical costs in the EM group were approximately 30%
lower than those in the LM group; however, no significant
difference was observed [median: 25th—75th percentile; USD
16,773 (range: USD 10,769-27,852) vs. USD 23,895 (range:
USD 15,100-29,277); P=0.054]. The EM group had sig-
nificantly shorter hospital stays (P=0.013) and significantly
lower incidence of nosocomial pneumonia (P=0.024). There
were no significant differences in terms of the 90-day sur-
vival rate (P=0.308), the duration of mechanical ventilation
(P=0.708), length of ICU stay (P=0.584), discharge destina-
tion (P=0.277), or delirium (P=0.469) during the ICU stay or
in ICU-AW at ICU discharge (P=0.309) (Table 4).

Table 5 shows the rehabilitation parameters in the ICU and
ward. Compared with the LM group, the EM group had sig-

nificantly shorter times to first rehabilitation (P=0.009) and
first out-of-bed mobilization (P <0.001), as well as the high-
est IMS score in the ICU (P <0.001). There was a significant
intergroup difference in the number of daily rehabilitation
exercises per person (P=0.005) (Table 5). In addition, the
frequency of rehabilitation exercises of intensity levels 3 and
4 was significantly higher in the EM group than in the LM
group (P=0.024).

Univariate logistic regression analysis based on propensity
score matching revealed significant associations between
EM and independent gait at discharge (OR: 4.47, 95% CI:
1.39-17.43, P=0.011), length of hospital stay (<28 days)
(OR: 0.29, 95% CI: 0.11-0.75, P=0.010), and the presence
of pneumonia (P=0.009) (Table 6). Sensitivity analysis per-
formed using the IPTW method showed a similar trend, with
significant association between EM and independent gait at
discharge (OR: 4.26, 95% CI: 1.29-14.04, P=0.017). Simi-
larly, multivariate logistic regression analysis of patients who
stayed in the ICU for more than 5 days revealed significant
association between independent gait at discharge and EM
(adjusted P=0.014) (Table 7). Notably, multivariate logistic
regression analysis, which excluded patients in the LM group
(who did not meet the criteria for mobilization by day 5 af-
ter admission to the ICU) from propensity score matching
showed a similar trend (Table 7).

The results of univariate logistic regression analysis
when using different definitions of EM—within 3, 4, 6, or 7
days—are shown in Table 8. No significant correlation was
observed between 90-day survival and gait independence
at discharge; however, shorter times to EM (5 days or less)
showed stronger correlations of EM with total medical costs,
duration of mechanical ventilation, and length of hospital
stay (Table 8).

DISCUSSION

This study focused on associations between EM (within 5
days) and clinical outcomes, especially survival. The results
revealed that EM within 5 days showed significant association
with decreased length of hospital stay and independent gait
at discharge. However, no significant difference in survival
after 90 days or in medical costs were found. The results
were no different even after adjusting for previously reported
prognostic factors among ICU patients, which included the
most common barriers to achieving mobilization, circulatory
status on ICU days 1 and 2, and consciousness level on days
3-5.2D A similar trend was observed with the exclusion of
patients who stayed in the ICU for more than 5 days or those

Copyright © 2022 The Japanese Association of Rehabilitation Medicine
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Table 4. Comparison of clinical and economic primary outcomes

Total population Matched population
Early Late P Early Late P
mobilization mobilization mobilization mobilization
Baseline characteristics n=85 n=92 n=37 n=37
Primary outcome
Gait independence at discharge, n (%) 77 (91) 48 (52) <0.0001 33 (89) 24 (65) 0.025
Secondary outcome
90-day survival, n (%) 80 (94) 70 (76) <0.0001 34 (92) 30 (81) 0.308
Total medical costs (USD) 19,210 28,789 <0.0001 16,773 23,895 0.054
[11,107- [20,969— [10,769— [15,100—
26,620] 41,853] 27,852] 29,277]
Duration of mechanical ventilation, days 2 [0-4] 6 [2-9] <0.0001 4 [0-5] 3 [0-6] 0.708
ICU length of stay, days 4 [3-5] 7 [4-10]  <0.0001 5[3-6] 4 [3-8] 0.584
Hospital length of stay, days 23 [17-39] 38 [27-62] <0.0001 22[17-38] 37[23-49] 0.013
Discharge destination, n (%)
Home 69 (82) 44 (48) <0.0001 26 (7) 22 (59) 0.277
Rehabilitation center 4(5) 9 (10) 2(5) 38
Another hospital 7(®) 16 (17) 5(14) 5(14)
Nursing home 303 303) 31 1(3)
Death 2(2) 20 (22) 1(3) 6 (16)
Complications
Delirium during ICU stay, n (%) 21 (25) 45 (49) 0.001 12 (32) 15 (41) 0.469
Nosocomial pneumonia, n (%) 7 (8) 32 (35) <0.0001 2(5) 10 (27) 0.024
ICU-AW at ICU discharge, n (%) 23 (27) 44 (48) 0.004 13 (35) 9 (24) 0.309

Data are presented as median [interquartile range] or number (%).
Analysis by independent-sample Mann—Whitney U-test or ¥ test.

in the LM group who did not meet the mobilization criteria
by day 5 of admission to the ICU. In addition, reducing the
number of days to EM seemed to further shorten the length
of hospital stay and the duration of mechanical ventilation
and to reduce medical costs. A recent systematic review
indicated that ambitious targets toward achieving EM did
not affect the risk of mortality.>® The current study showed
that there was no difference in survival even after adjusting
for the prognostic factors that were reported as independent
factors associated with survival in previous studies.>* 3¢
Furthermore, continuous vasopressor use and RASS scores
were recorded from days 1-5 as covariates based on the
authors’ previous studies on barriers to achieving mobiliza-
tion. This study suggests that EM-based interventions alone
might be insufficient to improve survival outcomes.

The post-matching IPTW analyses identified significant
relationships between EM and independent gait at discharge.
However, some recent randomized studies have failed to
detect significant improvements in the EM group,’” which
may have been related to the mobilization initiation being

delayed for approximately 1 week after ICU admission. A
10% reduction in muscle mass has been observed between
days 1 and 7 among ICU patients, with a 17.7% reduction ob-
served on day 10.3® Therefore, delaying the start of measures
designed to achieve EM may mitigate any improvements in
functional outcomes. In the present study, the median time
to mobilization was 4 days in the EM group and 7 days in the
LM group, and the EM group had better clinical outcomes
(stronger likelihood of independent gait at discharge and
shorter hospital stays).” Previous reports have also indicated
that achieving EM within 1 week does not affect survival but
is effective in improving functional outcomes and shortening
hospital stays.’**0 Liu et al.') also reported a cost reduction
of approximately USD 6500/patient in cases with EM, which
is slightly higher than the reduction of USD 5500/patient ob-
served in our EM group. In this study, there was a decreasing
trend in medical costs of the EM group when compared with
the LM group. A previous study indicated that this reduction
in medical costs is related to several factors, including im-
provements in the patient’s critical condition, improvement

Copyright © 2022 The Japanese Association of Rehabilitation Medicine
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Table 6. Propensity score matched and weighted odds ratios for achievement of early mobilization within 5 days

After PS matching IPTW

Baseline characteristics OR (95% CI) P OR (95% CI) P
Physical function

Gait independence at discharge 4.47 (1.39-17.43) 0.011 4.26 (1.29-14.04) 0.017
Survival

<90 days 2.64 (0.67-13.12) 0.169 5.53 (0.78-17.20) 0.103
Total hospital costs

<2500 USD 0.51 (0.19-1.29) 0.154 0.57 (0.21-1.55) 0.268
Outcome

Home 1.61 (0.62-4.30) 0.329 0.96 (0.34-2.69) 0.937
Duration of mechanical ventilation

>2 days 0.89 (0.35-2.26) 0.814 0.80 (0.33-1.97) 0.626
ICU length of stay

>7 days 0.51 (0.18-1.43) 0.201 0.79 (0.24-2.54) 0.688
Length of hospital stay

>28 days 0.29 (0.11-0.75) 0.010 0.47 (0.18-1.25) 0.129
Complications

Delirium 0.70 (0.27-1.82) 0.468 0.54 (0.21-1.41) 0.209

Pneumonia 0.15 (0.02-0.65) 0.009 0.66 (0.15-2.82) 0.571

ICU-AW 0.59 (0.21-1.61) 0.308 0.89 (0.35-2.27) 0.799

PS, propensity score.

to independent gait at discharge, and shorter hospital stays.*)
Similarly, these results indicated that a higher rate of gait
independence at discharge and shortened length of hospital
stay could have contributed to the lower medical costs in
the EM group. Consequently, achieving EM in the ICU, as
shown in this study, might help prevent disuse syndrome,
achieve independent gait, and potentially decrease medical
costs.

For this study, EM was defined as initiating rehabilitation
by achieving a seated position on the edge of the bed within
5 days of ICU admission. The literature includes various
mobilization timings'>'¥; however, recent studies have
indicated that the initiation of mobilization within 48—72 h
might be optimal.?? In a previous study, EM also included
passive range-of-motion exercises on the bed.***) Previous
studies have described improvements, not only in physical
function but also in respiratory function and the level of con-
sciousness,*® as an effect of sitting on the edge of the bed.
The results of the current study suggest that it is adequate
to achieve mobilization of sitting on the edge of a bed or
higher within 5 days of ICU admission. However, comparing
the number of times the EM protocol was performed in the
ICU and the protocol intensities, the frequency of rehabilita-
tion exercises of intensity level 3 or higher was significantly

higher in the EM group than in the LM group. In this study,
we focused on the timing of EM initiation; future studies
should also investigate the relationships between outcomes
and the maximum intensities of mobilization in the ICU.
The present study’s major limitations are a lack of com-
plete data, a small sample size, and a single-center design.
In addition, a comparison of patients after propensity score
matching showed that intraoperative inpatient diagnosis,
cardiovascular complications, and continuous administra-
tion of steroids and neuromuscular blockers did not have an
SD of <0.1 because of the small sample size. Furthermore,
only relatively short-term survival and functional outcomes
were evaluated. However, the prevention of physical dysfunc-
tion has become a new challenge in the field of emergency
and intensive care, with greater emphasis being placed on
the long-term post-discharge quality of life and functional
outcomes.”*) Furthermore, in this study, unmeasured con-
founders influenced the relationships observed between EM
and independent gait at discharge, length of hospital stay,
and medical costs. For example, data regarding medica-
tions, sedation dose, pain, infection, ventilator settings, and
weaning were not collected despite having the potential to
influence the findings.!>#%-4%) Therefore, further prospective
studies are needed to investigate whether these factors influ-

Copyright © 2022 The Japanese Association of Rehabilitation Medicine
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Table 8. Propensity score matched for different definition of early mobilization

Variable

Definition of early mobilization in ICU days

Within 3 days

Within 4 days

Within 5 days

Within 6 days

Within 7 days

Physical function

Gait independence at discharge  2.22 (0.53-15.22) 3.46 (0.85-23.45) 4.47 (1.39-17.43) 8.62 (2.67-30.67) 7.56 (2.16-28.47)

Survival
<90 days

Total hospital costs

<2500 USD
Outcome
Home

Duration of mechanical ventilation

0.30 (0.06-1.05) 0.27 (0.07-0.85) 0.51 (0.19-1.29)

2.56 (0.72-12.10) 2.75 (0.87-10.59) 1.61 (0.62—4.30)

>2 days 0.12 (0.02-0.42)
ICU length of stay
>7 days 0.32 (0.04-1.33)

Length of hospital stay

>28 days 0.29 (0.07-0.94)
Complications

Delirium 0.57 (0.14-1.89)

Pneumonia 0.31 (0.02—-1.82)

ICU-AW 0.83 (0.21-2.80)

0.27 (0.09-0.77)
0.35 (0.08-1.23)
0.23 (0.07-0.69)
0.34 (0.08-1.06)

0.21 (0.01-1.18)
0.73 (0.21-2.23)

0.89 (0.35-2.26)
0.51 (0.18-1.41)
0.29 (0.11-0.75)
0.70 (0.27-1.82)

0.15 (0.02-0.65)
0.59 (0.21-1.61)

0.51 (0.18-1.41)
2.79 (0.98-8.08)
1.06 (0.37-2.93)
0.39 (0.13-1.16)
0.09 (0.02-0.32)
0.69 (0.24-1.96)

0.21 (0.05-0.75)
0.58 (0.20—1.74)

3.80 (0.65-72.53) 2.64 (0.63-11.15) 3.00 (0.75-12.14) 3.60 (0.80-15.10)

0.43 (0.13-1.41)
2.16 (0.65-7.18)
1.50 (0.46-4.92)
0.30 (0.09-1.03)
0.12 (0.02-0.49)
0.72 (0.22-2.44)

0.15 (0.04-0.57)
0.23 (0.06-0.76)

Data presented as odds ratio (95% confidence interval).

enced our findings. Furthermore, a multicenter, prospective,
randomized controlled trial that includes all ICU patients is
needed to validate and correlate the unanswered questions
of this study.

CONCLUSION

The present study revealed that EM was not significantly
associated with 90-day survival or medical costs but was
associated with a higher likelihood of independent gait at
discharge and shorter hospital stays. EM, which refers to
achieving the strength to sit on the edge of the bed within the
first 5 days of the ICU stay, might be an adequate target to
improve clinical outcomes. Further validations of the results
are necessary.
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