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 Abstract 
  Background:  The effect of early mobilization after acute stroke is still unclear, although some 
studies have suggested improvement in outcomes. We conducted a randomized, single-blind, 
controlled trial seeking to evaluate the feasibility, safety, and benefit of early mobilization for 
patients with acute ischemic stroke treated in a public teaching hospital in Southern Brazil. 
This report presents the feasibility and safety findings for the pilot phase of this trial.  Meth-
ods:  The primary outcomes were time to first mobilization, total duration of mobilization, 
complications during early mobilization, falls within 3 months, mortality within 3 months, and 
medical complications of immobility. We included adult patients with CT- or MRI-confirmed 
ischemic stroke within 48 h of symptom onset who were admitted from March to November 
2012 to the acute vascular unit or general emergency unit of a large urban emergency depart-
ment (ED) at the Hospital de Clínicas de Porto Alegre. The severity of the neurological deficit 
on admission was assessed by the National Institutes of Health Stroke Scale (NIHSS). The 
NIHSS and modified Rankin Scale (mRS, functional outcome) scores were assessed on day 14 
or at discharge as well as at 3 months. Activities of daily living (ADL) were measured with the 
modified Barthel Index (mBI) at 3 months.  Results:  Thirty-seven patients (mean age 65 years, 
mean NIHSS score 11) were randomly allocated to an intervention group (IG) or a control 
group (CG). The IG received earlier (p = 0.001) and more frequent (p < 0.0001) mobilization 
than the CG. Of the 19 patients in the CG, only 5 (26%) underwent a physical therapy program 
during hospitalization. No complications (symptomatic hypotension or worsening of neuro-
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logical symptoms) were observed in association with early mobilization. The rates of compli-
cations of immobility (pneumonia, pulmonary embolism, and deep vein thrombosis) and mor-
tality were similar in the two groups. No statistically significant differences in functional 
independence, disability, or ADL (mBI  ≥ 85) were observed between the groups at the 3-month 
follow-up.  Conclusions:  This pilot trial conducted at a public hospital in Brazil suggests that 
early mobilization after acute ischemic stroke is safe and feasible. Despite some challenges 
and limitations, early mobilization was successfully implemented, even in the setting of a 
large, complex ED, and without complications. Patients from the IG were mobilized much ear-
lier than controls receiving the standard care provided in most Brazilian hospitals. 

 © 2015 S. Karger AG, Basel 

 Introduction 

 Stroke is the second leading cause of death and the leading cause of disability worldwide 
 [1–4] . One year after a stroke, one third of patients will die and one third will be unable to 
perform activities of daily living (ADL)  [5] . In the first 30 days, approximately 50% of the 
deaths are directly due to stroke, whereas the other 50% are due to complications caused by 
immobility (pneumonia and venous thromboembolism)  [6] .

  Treatment in a stroke unit, with a standardized set of actions performed by an interdis-
ciplinary team, is highly effective in reducing disability and is the only factor which demon-
strably impacts mortality  [7–9] . However, uncertainty remains as to which individual aspects 
are responsible for this benefit. Rehabilitation is an important component, especially early 
mobilization with out-of-bed activity, which potentially reduces complications due to immo-
bility  [9, 10] .

  Several guidelines recommend starting physical therapy as soon as possible  [11, 12] , 
once a patient is stable. However, the optimal timing remains unknown  [8] . Doubts remain 
about the effect of early mobilization in decreasing cerebral blood flow in the penumbral area 
 [13, 14]  and regarding the interruption of vital sign monitoring, especially in patients who 
received thrombolysis. Clinical trials with small samples were conducted and yielded 
conflicting results  [15–17] .

  Brazil is the only country with more than 100 million inhabitants that offers free health 
care to its entire population. However, the quality of care remains poor, especially in the reha-
bilitation field. This is due to a lack of human resources in hospitals, a lack of dedicated stroke 
units, and a dearth of literature to support a change in care via policymaking  [18] .

  In 2012, the Brazilian Ministry of Health launched a new policy to encourage the organi-
zation of acute and rehabilitative stroke care  [19] . Hospitals with organized stroke units, 
including thrombolytic therapy and interdisciplinary teams, were allocated greater resources 
to serve these patients. However, due to the high incidence of stroke and the need for better 
resource use in the public health system, it is essential that the effectiveness of different 
stroke unit interventions be demonstrated, especially in the rehabilitation field.

  To evaluate the benefit of early mobilization after ischemic stroke, we conducted a 
randomized clinical trial (RCT) comparing this treatment, initiated within 48 h of stroke, 
versus routine physical therapy as usually provided at the study facility (standard care). This 
pilot study sought to establish the feasibility and safety of early mobilization for patients with 
acute ischemic stroke treated in a public teaching hospital in Southern Brazil, controlling for 
stroke treatment (with thrombolytic drugs).

  Our main goals were (1) to evaluate the feasibility of early and frequent mobilization in 
this setting and (2) to evaluate the safety of early mobilization, with no increases in medical 
complications or adverse events compared with routine physical therapy.
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  Subjects and Methods 

 This randomized, controlled, single-blind clinical trial (ClinicalTrials.gov No. 
NCT01694992) compared early mobilization (within 48 h of symptom onset) with routine 
physical therapy, with mortality, morbidity, and functional status as the main outcomes. In 
this pilot study, we present the results of a feasibility and safety analysis of this intervention 
and describe the characteristics of the routine physical therapy provided in our facility to 
compare it with the proposed intervention.

  Population 
 We included adult patients with CT- or MRI-confirmed ischemic stroke within 48 h of 

symptom onset who were admitted on weekdays from March to November 2012 to the acute 
vascular unit (AVU) or general emergency unit of a large urban emergency department (ED). 
The additional inclusion criteria were: clinical and hemodynamic stability (systolic blood 
pressure 120–220 mm Hg, SaO 2  >92% with or without supplementation, heart rate 60–100 
bpm, body temperature <38   °   C, and respiratory rate <25); Glasgow Coma Scale score >8; 
modified Rankin Scale (mRS)  [20]  score  ≤ 3, and motor deficit and/or ataxia as measured by 
the National Institutes of Health Stroke Scale (NIHSS)  [20] . Exclusion criteria were: hemor-
rhagic stroke or transient ischemic attack, history of progressive neurological disease, acute 
coronary disease, decompensated cardiac disease, or respiratory failure.

  Study Site 
 The study was conducted at the Hospital de Clínicas de Porto Alegre (HCPA), a public 

university hospital in Southern Brazil. After initial assessment by an emergency physician, all 
stroke patients were evaluated by a stroke neurologist, using a previously established 
protocol, and were followed by the stroke team from the emergency room to hospital 
discharge. Whenever possible, patients were admitted to the AVU, a physical area inside the 
ED with nine monitored beds and staff trained to treat all acute vascular diseases including 
stroke, acute coronary syndrome, pulmonary embolism, and acute aortic conditions. This unit 
is supported by neurology residents and stroke neurologists 24 h a day. When there were no 
beds available in the AVU, less severely afflicted patients were treated in the general emer-
gency area. After stabilization, patients were moved from the AVU to the general emergency 
area and from there transferred to inpatient units.

  Procedures 
 Randomization was performed online (http://randomization.com) by a study investi-

gator, using a randomization plan stratified by blocks of varying sizes (blocks of 2, 4, or 6). 
After obtaining informed consent, the patients were randomly allocated to an intervention 
group (IG) or a control group (CG), with the allocation records stored in opaque, sealed, and 
sequentially numbered envelopes.

  Intervention 
 Patients randomized to the IG received early mobilization, which was started within 48 

h of stroke symptom onset. The program was carried out by trained physical therapists, and 
focused on sitting out of bed in a chair or standing (whenever and as soon as possible) and 
conducting functional training and motor relearning, pursuant to the Bobath concept  [21] . 
Exercises were performed bilaterally with at least 5 repetitions for each joint and each 
exercise and emphasis on deficits in the impaired side  [22] . In addition, patients and their 
families received a manual developed for the study, with guidance on positioning in bed and 
posture shifting to use at home after discharge. IG patients were mobilized 5 times a week, 
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once a day, for approximately 30 min per session, in addition to sitting out of bed for at least 
30 min whenever possible. The session duration (in minutes) and number of sessions were 
recorded. Sessions were held until hospital discharge or the 14th treatment day, whichever 
occurred first, regardless of where the patient was located.

  Patients randomized to the CG received standard care, with conventional physical therapy 
performed when requested by the staff. Therapy varied according to the patients’ needs and 
the availability of physical therapists but generally included global motor exercises and respi-
ratory therapy (ordinarily in bed). The duration of standard-care therapy sessions was 
approximately 15 min. The mobilization time (in minutes) and number of sessions (only 
motor activities) were also recorded for this group.

  Blinding 
 Patients were informed that they would begin physical therapy on the first day of 

assessment (IG) or follow the hospital routine (CG). Baseline and postintervention measures 
were performed by a study investigator who remained blinded to group allocation. To ensure 
blinding of any monitoring neurologists, no notes of group allocation were made in the hospi-
tal’s electronic medical record.

  Patient Evaluation 
 The severity of the neurological deficit on admission was assessed by the NIHSS. 

Outcome measures were evaluated by a neurologist blinded to the intervention. NIHSS and 
mRS (functional outcome) scores were assessed on day 14 or at discharge, whichever 
occurred first, and at 3 months. ADL were measured by the modified Barthel Index (mBI) 
 [23]  at 3 months.

  Demographic characteristics and clinical data (risk factors, clinical findings, prior mRS 
score, NIHSS score, stroke characteristics and treatment, treatment duration, and general 
complications of stroke) were collected, as were the time from symptom onset to first mobi-
lization, total duration of mobilization, and factors restricting mobilization. Procedure-related 
adverse events [symptomatic hypotension (presyncope or syncope) and worsening of neuro-
logical deficits during physical therapy] were recorded, as was the frequency of falls during 
hospitalization and within 3 months of stroke.

  Outcome Measures 
 The primary outcome measures of the RCT were functional capacity (mRS score 0–2) and 

mortality at 3 months. In this pilot study, we sought only to evaluate the feasibility and safety 
of the intervention.

  The primary feasibility endpoints were (a) time to first mobilization and (b) total duration 
of motor physical therapy. The primary safety endpoints were: (a) complications during early 
mobilization (first 48 h), i.e. symptomatic hypotension (syncope or presyncope) or neuro-
logical deterioration (defined as any worsening in NIHSS score); (b) falls during hospital-
ization and within 3 months of stroke; (c) complications related to immobility (pneumonia, 
pulmonary embolism, and deep vein thrombosis) at 3 months, and (d) death within 3 months. 
Secondary outcomes were measured at 3 months, i.e. mRS score 0–1, mRS score 0–2, mean 
NIHSS score, and mBI  ≥ 85.

  Statistical Analysis 
 The sample size calculated for the RCT was 164 patients (82 per group), with 80% power 

and a significance level of 5% to find a 20% difference in functional status between the groups. 
For this pilot study, we estimated that  ≥ 20 patients would be required to detect a doubling 
of mobilization time with 80% power at the 5% level.
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  Quantitative data are presented as means (SD) for normally distributed variables and 
medians (IQR) for nonparametric variables, and they were compared using Student’s t test 
and the Mann-Whitney U test, respectively. Categorical variables are expressed as propor-
tions, and they were compared by χ 2  or Fisher’s exact test, as appropriate. Logistic regression 
analysis was used to investigate whether the intervention influenced stroke outcomes at 3 
months (adjusted for premorbid mRS score, age, and NIHSS score). All analyses were 
performed in SPSS for Windows 16.0.

  Ethical Aspects 
 The study was approved by the HCPA Research Ethics Committee and is registered in 

ClinicalTrials.gov under the identification No. NCT01694992.

  Results 

 During the recruitment phase, 271 patients with ischemic stroke were admitted to the 
HCPA ED. Of these, 232 did not meet the inclusion criteria. Late hospital arrival (>48 h since 
symptom onset) was the main cause of exclusion.

  Thirty-seven patients were studied: 18 in the IG (early mobilization) and 19 in the CG 
(standard care). The study flowchart is shown in  figure 1 . The demographic and clinical char-
acteristics were similar in both groups ( table 1 ). A trend toward a higher prevalence of 
diabetes was observed in the controls. In both groups, 94% of the participants were white. 
On admission, 6 patients had a preexisting mRS score >1 (4 in the IG and 2 in the CG, p = 0.66). 
Six patients in the IG and 3 controls already had impaired mobilization prior to stroke due to 
COPD, gonarthrosis, recent hip osteosynthesis, brachial plexus injury, and congestive heart 
failure. Of the 37 stroke patients, 13 received thrombolysis (6 in the IG and 7 of the controls).

271 ischemic stroke admissions

232 ineligible

39 randomized

Early mobilization
n = 19

Standard care
n = 20

1 excluded
n = 18 n = 19Baseline

n = 37
1 died

2 died

Day 14
n = 36n = 17 n = 19

1 died

2 not yet completed
3-month follow-up

2 not yet completed
3-month follow-up

1 excluded

n = 14 n = 153-month follow-up
n = 29

  Fig. 1.  Patient selection and intervention flowchart for the study. 
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  Primary Outcomes 
 Feasibility 
 IG patients received mobilization earlier and more frequently than controls ( table 2 ). The 

median time from stroke to first mobilization was 43 h (vs. 72 h in the CG), and the total 
duration of mobilization during the hospitalization period was 135 min [IQR 85–213; vs. 0 
min in the CG (IQR 0–50)]. Only 2 patients did not initiate early mobilization (within 48 h) in 
the IG. Moreover, only 5 patients in the CG (26%) received physical therapy during hospital-
ization, with an average duration of 15 min per session. After hospital discharge, 57% of the 
patients in the IG and 37% in the CG underwent physical therapy sessions (p = 0.28). IG 
patients had more out-of-bed activities as compared with controls, initiating activities while 
still in the ED. Only the 5 patients who received physical therapy in the CG left their beds; all 
other controls remained bedbound during hospitalization.

  Safety 
 There were no complications associated with early mobilization. No falls were recorded 

in either group within 3 months.

IG
(n = 18)

CG
(n = 19)

p value

Demographic features
Age, years 64 ± 18 66 ± 16 0.76
Female sex 12 (67) 12 (63) 0.82

Stroke risk factors
Hypertension 13 (72) 14 (74) 0.92
Diabetes 2 (11) 7 (37) 0.07
Hypercholesterolemia 4 (22) 2 (11) 0.12
Smoking 7 (28) 6 (26) 0.79
CHF 4 (22) 4 (21) 0.93
Ischemic heart disease 3 (17) 4 (21) 0.73
Atrial fibrillation 3 (17) 5 (26) 0.69
Obesity 4 (22) 2 (11) 0.41
Sedentary lifestyle 17 (94) 17 (90) 1.00
Previous stroke or TIA 5 (28) 2 (11) 0.18

Premorbid mRS score 0.66
1 2 (11) 1 (5)
2 1 (6) 0
3 1 (6) 1 (5)

Baseline NIHSS score 10 ± 7 11 ± 6 0.71
Mild (0 – 5) 6 5
Moderate (6 – 11) 6 6
Moderately severe (12 – 18) 3 6
Severe (>18) 3 2

Stroke location and subtype
Stroke side (left) 13 (68) 9 (47) 0.25
Anterior circulation 15 (82) 14 (83) 0.39

Factors limiting mobilization 6 (33) 3 (16) 0.27
Respiratory 2 1
Lower limb 1 1
Upper limb 1 0
Other (CHF) 2 1

Thrombolytic treatment 6 (33) 7 (37) 0.82

 Results are expressed as n (%) or means ± SD. TIA = Transient 
ischemic attack; CHF = congestive heart failure.

Table 1.  Clinical and demographic 
features of the IG and CG
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  Clinical outcome results are presented in  table 3 . The proportion of patients who experi-
enced immobility-related complications (pneumonia, pulmonary embolism, and deep vein 
thrombosis) within 3 months of stroke was similar in both groups, as was 3-month mortality.

  Secondary Outcomes 
 No significant between-group differences were observed in functional independence (mRS 

score 0–2), minimal or no disability (mRS score 0–1), or NIHSS score at 14 days and 3 months 
( table 3 ). On analysis of functional recovery at 3 months, excluding patients with a previous 

 Table 2. Mobilization measures

IG
(n = 18)

CG
(n = 19)

p value

Time from stroke onset to first mobilization, h 43 (28 – 48) 72 (61 – 108) 0.001
Total duration of mobilization, min 135 (85 – 213) 0 (0 – 50) <0.0001
Physical therapy sessions, n 4.5 (3 – 7) 0 (0 – 3) <0.0001
Out-of-bed activities, n 4.2 ± 2.3 0.26 ± 0.73 <0.0001
Out-of-bed activities in ED, n 2.6 ± 1.9 0.21 ± 0.53 <0.0001

Results are expressed as medians (IQR) or means ± SD.

 Table 3. Clinical outcomes in the IG versus the CG

IG CG p value
(n = 18/16)a (n = 19/17)a

Complications at 3 months
Pneumonia 3 (18%) 2 (12%) 0.5
Deep venous thrombosis 0 0
Pulmonary embolism 0 0

Mortality at 3 months 2 (13%) 2 (12%) 0.68

Neurological impairment
NIHSS score

On admission 10 ± 7 11 ± 6 0.71
At 14 days 7 ± 5.8 10 ± 7 0.20
At 3 months 5.1 ± 6.3 5.5 ± 4.3 0.84

mRS
mRS score 0 – 1 at 3 months 4/16 (25%) 1/17 (6%) 0.33
mRS score 0 – 1 at 3 months

(excluding previous mRS scores >0) 4/12 (33%) 1/15 (7%) 0.08
mRS score 0 – 2 at 3 months 8/16 (50%) 9/17 (53%) 0.87

mBI
At 3 months 85 (30 – 100) 80 (65 – 90) 0.51
mBI ≥85 8/14 (57%) 7/15 (47%) 0.60
mBI ≥85 (excluding previous mRS scores >0) 7/11 (64%) 6/13 (46%) 0.39

Resource use
Intensive care unit hospitalization 2 (11%) 2 (11%) 0.68
Length of hospital stay, days 8 (5 – 14) 10 (4 – 25) 0.66

Results are expressed as means ± SD or medians (IQR), unless indicated otherwise. a At 14 days/at 3 
months.
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mRS score >0, the frequency of an mRS score of 0–1 was 33% among IG patients versus 7% 
among CG patients (p = 0.08). At 3 months, both groups had similar median mBIs, as well as a 
similar proportion of patients with an mBI  ≥ 85 (mild dependence or independence). No 
secondary outcome measure was significantly associated with group allocation in the logistic 
regression model controlling for baseline age, NIHSS score, and premorbid mRS score.

  Discussion 

 The primary objective of this pilot study was achieved by demonstrating that early mobi-
lization (within 24–48 h of stroke) is feasible and safe in the ED setting. Its safety was 
confirmed by the absence of symptomatic hypotension, neurological deterioration, or excess 
mortality in the IG.

  The average monthly patient enrollment was higher than in other trials of early mobili-
zation  [16–18] , showing the feasibility of such a study in a large hospital with several clinical 
trials running concomitantly. Early mobilization, including out-of-bed activity, was made 
possible by adapting the AVU (adding an armchair) and obtaining nurse and physical therapy 
staff support for the trial.

  Primary Outcomes 
 Feasibility 
 Three phase II RCTs have evaluated early mobilization (within 24 h) after acute stroke. 

The AVERT II in Australia (n = 71)  [15]  and the VERiTAS study in the UK (n = 32)  [16]  eval-
uated the safety and feasibility of early mobilization started within 24 h of stroke. The 
Norwegian AKEMIS (n = 56)  [17]  compared mobilization started within 24 h versus mobili-
zation started at 24–48 h. In all three studies, all controls received daily physical therapy. 
Treatment group patients in the AVERT and the VERiTAS study also performed early, daily 
out-of-bed activities several times a day. In our study, the standardized program for the IG 
patients included daily physical therapy sessions (leaving the bed and early walking) started 
at 24–48 h, while the controls (who represented routine care at our hospital) received no 
routine physical therapy, except in the case of ventilatory complications or more severe 
stroke. Most patients in the CG did not leave their beds. Although Australia has well-organized 
stroke care, an observational study conducted in 5 stroke units showed that only 28% of acute 
stroke patients sat out of bed and only 13% performed some activity that could prevent 
complications and improve mobility and function  [24] .

  The time to first mobilization was significantly shorter in the IG [43 h (IQR 28–48) vs. 72 
h (IQR 61–108), p = 0.0001], as shown in previous RCTs (AVERT: 18.1 vs. 30.8 h; VERiTAS: 
27.3 vs. 32 h; AKEMIS: 13.1 vs. 33.3 h). The number of sessions and the length of therapy were 
also greater in the IG. However, unlike the early mobilization protocol used in the AVERT, 
where treatment group patients were mobilized 3–4 times daily, the IG patients in our study 
were mobilized only once a day, due to staffing issues at our hospital.

  Safety 
 Like the present study, previous investigations have demonstrated that early mobili-

zation after stroke does not cause symptomatic hypotension, probably due to an increase in 
sympathetic response generated by the stress of ischemia  [25] . As in other RCTs, there was 
no increased risk of falls  [15, 16] . No patient had any deterioration of neurological deficit 
during treatment. Although reduced cerebral perfusion in the penumbral area and reduced 
blood flow velocity may occur when a patient is placed early in the sitting position  [26] , there 
is no scientific evidence that this affects functional outcomes.
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  There is no proven association between early mobilization and fewer complications 
secondary to immobility  [10, 27] . We found similar results in both groups, as did the AKEMIS 
and the AVERT. Conversely, in the VERiTAS study, patients receiving the intervention had 
fewer complications. Diserens et al.  [28]  also found a significant reduction in the number of 
severe complications in patients receiving treatment (52 h after stroke onset) compared with 
controls.

  Mortality was similar in both groups, indicating that early mobilization within 24–48 h 
of stroke is safe, as observed in other RCTs  [15–17] .

  Secondary Outcomes 
 The proportion of patients with mRS scores of 0–2, the degree of ADL dependence, and 

the degree of neurological deficit were similar in both groups. When excluding patients with 
prior impairment, there was a trend toward better functional outcomes in the IG; however, 
this pilot study was underpowered to evaluate whether early mobilization resulted in better 
neurological outcomes. Inclusion of patients with prior disabilities may have contributed to 
worse functional outcomes at 3 months. These findings are similar to those of previous studies 
 [15, 16]  that evaluated these outcomes in small samples.

  Limitations 
 The main limitation of this trial is the small sample, which reduces the statistical power 

needed to demonstrate the effect of the intervention. Nonetheless, these pilot results rein-
force the safety and feasibility of early mobilization, which may help further development of 
the main RCT. Another limitation is the inclusion of patients from both the AVU and the 
general ED, since patients may not be monitored as carefully in the general emergency area 
as in the AVU. However, this was representative of reality, as most stroke care in the country 
is still provided in general wards. Another concern was the lower amount and frequency of 
physical therapy in the IG, which differed substantially from other RCTs. Because of structural 
institutional challenges, not all patients were able to leave bed or walk early, even though out-
of-bed activities were prioritized in the IG.

  Conclusion 

 Early mobilization is a simple intervention that may be performed by a physical ther-
apist, aided by multiple members of the stroke team, but its feasibility, safety, and effec-
tiveness must be established. Although this study was unable to prove the effectiveness of this 
intervention, it corroborated previous safety and feasibility findings. Despite some challenges 
and limitations, early mobilization was successfully implemented, even in the setting of a 
large, complex ED, and without complications; patients from the IG were mobilized much 
earlier than the controls receiving the standard care provided in most Brazilian hospitals. 
Finally, this study helped consolidate a change in routine care at the HCPA, with rehabilitation 
practices adapted to the reality of public health in Brazil.
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