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BACKGROUND

With advances in life-saving and perioperative manage-
ment techniques for critically ill patients in the intensive care 
unit (ICU), the survival rate of such patients has markedly 
increased.1) However, because the majority of ICU patients 
undergo mechanical ventilation and sedation, they are at 
increased risk of functional disorders and impaired mobility 
as a result of disuse syndrome,2) and some require long-term 
rehabilitation.3)

In recent years, many studies have indicated that early re-
habilitation for mechanically ventilated patients can shorten 
the duration of hospitalization and improve their activities 
of daily living (ADL) score on discharge from the hospital. 

In line with this finding, an increasing number of facilities 
are actively promoting rehabilitation for ICU patients from 
the early stage of intensive care.4,5) Several studies have con-
firmed the safety of early rehabilitation for ICU patients,6) 
whereas others have noted the effectiveness of early rehabili-
tation in reducing the incidence of delirium and shortening 
the duration of mechanical ventilation.7) However, Morris et 
al.8) compared standardized early rehabilitation for mechani-
cally ventilated patients and standard care, and reported that 
standardized early rehabilitation was not more effective than 
standard care. Consequently, evidence for the effectiveness 
of such rehabilitation is currently insufficient.

Dysphagia after mechanical ventilation is called postextu-
bation dysphagia,9) or ICU-acquired swallowing disorder.10) 
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Objective: The present study examined the association between early rehabilitation for me-
chanically ventilated intensive care unit (ICU) patients and oral ingestion. Method: Among 1055 
consecutive patients who were transported to the study facility via ambulance, newly admitted to 
the ICU, and treated with rehabilitation during hospitalization, 234 were included in the current 
study. The patients were allocated to early rehabilitation and control groups to retrospectively 
examine the proportion able to orally ingest three meals per day, the period needed to achieve 
such independence, and course-related factors. Results: A total of 77 matched pairs were selected 
using propensity score matching. Analysis using the Kaplan–Meier estimator revealed that the 
early rehabilitation group needed a markedly shorter period to achieve oral ingestion of three 
meals per day. There were significant differences between the groups in the periods from hospital 
admission to first physical therapy and to mobilization as well as differences in the frequency of 
delirium. Conclusion: Early rehabilitation for mechanically ventilated ICU patients may facilitate 
earlier mobilization. It may also shorten the period needed to achieve oral ingestion of three meals 
per day by preventing complications such as delirium.
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The reasons for this condition include physical damage, such 
as that to the vocal folds caused by intubation or tracheostomy 
tubes; paralysis; muscle weakness caused by neuromuscular 
disorders; sensory disorders of the pharynx/larynx; disori-
entation of consciousness as a result of delirium; intake of 
sedative drugs; respiration associated with gastroesophageal 
reflux; and synchronic dysfunction of swallowing.10) Studies 
on dysphagia after mechanical ventilation have reported that 
at least 20% of survivors after extubation had swallowing 
disorder11) and in another study, dysphagia was confirmed in 
84%.12) Rehabilitation is extremely important because swal-
lowing disorder can cause dehydration, malnutrition, aspi-
ration pneumonia, suffocation, and loss of eating pleasure. 
However, little research on the effects of early rehabilitation 
in the ICU on the prognosis of dysphagia has been performed.

The present study examined the association between early 
rehabilitation for mechanically ventilated ICU patients and 
oral ingestion, including the period required to achieve con-
sistent oral ingestion, using adjusted confounding factors.

MATERIALS AND METHODS

Design and Study Participants
This retrospective observational study was conducted 

between April 1, 2013, and May 31, 2016. Among 1055 con-
secutive patients who were transported to the study facility 
via ambulance, newly admitted to the ICU, and treated with 
rehabilitation during hospitalization, 821 were excluded 
according to the following criteria: duration of mechanical 
ventilation shorter than 48 h, motor Glasgow coma scale 
(GCS) score lower than 5, oral intake inability prior to hos-
pitalization, history of dementia/psychiatric disorders, death 
in the ICU, hip fracture, unstable spine or pathological frac-
ture, and presence of neuromuscular diseases. After these 
exclusions, data from 234 patients were analyzed (Fig. 1).

The included patients were allocated to one of the follow-
ing two groups based on when rehabilitation was initiated: 
the early rehabilitation group (rehabilitation initiated during 
mechanical ventilation in the ICU) and the control group 
(rehabilitation initiated after discharge from the ICU). The 
study was conducted in a medium-sized community hospital 
with 740 beds, in which two anesthesiologists and other doc-
tors are exclusively allocated to a semi-closed-type ICU with 
8 beds to provide intensive care with attending doctors. The 
period of rehabilitation was determined by each attending 
doctor.

Data Collection
Sample Characteristics

The following baseline data were collected: patient age, 
sex, height, weight, acute physiology and chronic health 
evaluation (APACHE II) score,13) Charlson comorbidity 
index (CCI),14) presence of sepsis, albumin level, admission 
category (abdominal/pelvic surgery, cardiovascular, gastro-
intestinal/hepatic, neurosurgery/neurologic, respiratory, and 
others), and pre-hospital Barthel index (BI) score.15)

Primary Outcomes
The proportion of patients able to orally ingest three meals 

per day and the period needed to achieve such oral ingestion 
were examined as the primary outcomes. The study was con-
tinued until hospital discharge. Patients with a food intake 
scale score ≥716) (easy-to-swallow food is orally ingested in 
three meals per day) were considered to have achieved oral 
ingestion, and such independence during hospitalization was 
assessed by speech therapists.

Oral ingestion was assessed when the following starting 
criteria were met: (1) RASS consciousness level 0 to −1, (2) 
respiratory condition was good, (3) there was no oral con-
tamination and the mouth was moderately moistened, (4) the 
patient’s overall condition was good with no fever, (5) vital 
signs were stable with no progression of disease. When the 
criteria were met, direct training was conducted by a speech 
therapist to determine whether oral ingestion was possible.

Secondary Outcomes
The periods from hospital admission to the initiation of 

physical therapy and to mobilization (days); the durations of 
mechanical ventilation, ICU stay, and hospitalization (days); 
hospitalization cost; and the incidence of complications 
during hospitalization (deep vein thrombosis, ICU-acquired 
delirium (ICU-AD), hospital-acquired pneumonia, bedsores, 
and falls) were examined as secondary outcomes.

Pneumonia was diagnosed on the basis of infiltrative shad-
ows newly observed within 48 h after hospital admission; 
fever involving a temperature of 38° or higher without clear 
sources other than respiratory organs; clinical pulmonary 
symptoms, such as coughing and phlegm; abnormal C-
reactive protein levels; and/or abnormal peripheral blood 
leukocyte counts.

ICU-AD was assessed using the following two delirium 
screening scales: confusion assessment method for the inten-
sive care unit (CAM-ICU)17) and the intensive care delirium 
screening checklist (ICDSC).18)
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Early Rehabilitation Protocol
Rehabilitation for ICU patients was performed through 

collaboration with ICU physical therapists, intensive care 
specialists, and nurses, according to a protocol developed by 
Morris.6) Rehabilitation intervention was performed in the 
following five steps: step 1, perform passive range of motion 
(ROM) exercise; step 2, maintain the head of the bed at ≥60° 
and perform active ROM exercise; step 3, able to sit at the 
side of the bed, able to sit at the side of bed at bed rest; step 

4, stand at the side of the bed and stand and pivot with a 
chair; step 5 walk with assistance and walk independently. 
The feasibility of mobilization was confirmed once daily or 
more frequently. Table 1 shows the mean number of early 
rehabilitation sessions during the ICU stay and those at each 
exercise intensity level (Table 1). The activities described 
in Table 1 were all carried out with the patient wearing a 
ventilator.

With regard to swallowing training, both groups under-
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Fig. 1. Flow chart of the patient selection process.
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went speech therapist intervention after extubation and 
started swallowing training (direct training or indirect 
training) from the same day. After discharge from the ICU, 
training to appropriately execute basic movements, such as 
walking, was performed only on weekdays, and no specific 
protocol was followed. The sedation dosage was adjusted in 
the morning by ICU physicians to target a RASS of −1 or 0 
before patients performed rehabilitation.

Statistical Analysis
Background and course-related factors were compared 

between the early rehabilitation and control groups. Con-
tinuous and ordinal variables were compared using the 
Mann–Whitney U test, whereas nominal variables were 
compared using the chi-square test. Logistic regression 
analysis was performed with background factors (APACHE 
II score, CCI) as independent variables, and the obtained 
predicted probabilities were used as propensity scores. The 
value for matching was 0.25 times the standard deviation of 
the overall propensity score. Lastly, factors influencing oral 
ingestion were examined by analyzing the period needed to 
achieve oral ingestion of three meals using the Kaplan–Meier 
estimator. The log-rank test was also used for comparisons 
between the groups. All analyses were performed using 
SPSS Statistics 23.0 (IBM Corp., Armonk, NY, USA), and 
the significance level was set at <5%.

Ethics and Consent
The study was conducted after receiving approval from the 

institutional review board (IRB) at Nagoya Medical Center 
Hospital (IRB approval number 96). We followed a de-iden-
tification standard to protect the confidentiality of personal 

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

RESULTS

Before propensity score matching, significant differ-
ences in the APACHE II score (P=0.005) and CCI (P=0.019) 
were observed between the early rehabilitation and control 
groups. On propensity score matching with these items 
entered, 77 pairs were selected, and the background factors 
adjusted showed markedly similar values (propensity scores: 
early rehabilitation, 0.378 ± 0.119; control, 0.388 ± 0.120). 
On comparing background factors after matching, we found 
no significant differences between the groups for any item 
(Table 2). Analysis of the primary outcomes after matching 
indicated that there was no significant difference between the 
groups in the proportion of patients able to orally ingest three 
meals at hospital discharge. However, the period needed to 
achieve such oral ingestion was significantly different be-
tween the two groups when compared using the log-rank test 
(P=0.001) (Fig. 2).

With respect to the secondary outcomes, both the periods 
from hospital admission to the initiation of physical therapy 
and to mobilization were markedly shorter in the early reha-
bilitation group than in the control group. The incidence of 
complications during hospitalization was also significantly 
lower in the early rehabilitation group than in the control 
group; however, hospitalization costs did not markedly differ 
between the groups (Table 3).

Kamikura S, et al: Effects of reach balance ex in college basketball players4

Table 1. Intervention frequency and intervention time in the early rehabilitation group

Baseline characteristics Early rehabilitation 
(n=147)

Frequency of rehabilitation per person (day) 4.8 ± 0.7
Daily duration of rehabilitation per person (min) 36.6 ± 16.2
Total frequency of rehabilitation 846
Program, n/total (%)
Step 1 260 (30.7)
Step 2 315 (37.2)
Step 3 142 (16.8)
Step 4 81 (9.6)
Step 5 48 (5.7)
Adverse events 0
The frequency and duration of rehabilitation are given as means ± standard deviations.
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Fig. 2. Proportion of patients in whom oral ingestion of three meals per day was possible in the early re-
habilitation group and the control group. There was a significant difference between the groups (P <0.05, 
log-rank test).

Table 2. Comparison of patient baseline characteristics between early rehabilitation and control groups for the whole popu-
lation and for the matched population

Total population Matched population
Early  

rehabilitation
Control P-value Early 

rehabilitation
Control P-value

Baseline characteristics n=147 n=87 n=77 n=77
Age, years, median (IQR) 66 (54–73) 64 (50–78) 0.847 66 (55–73) 66 (52–78) 0.991
APACHE II score, median (IQR) 24 (19–32) 28 (24–34) 0.005 27 (24–32) 28 (23–32) 0.514
Male sex, n (%) 84 (57.1) 52 (59.7) 0.747 40 (51.9) 34 (44.2) 0.346
Weight, kg, median (IQR) 54 (46–65) 55 (48–68) 0.384 53 (47–65) 54 (47–67) 0.431
CCI, score, median (IQR) 2 (1–4) 4 (1–5) 0.019 3 (1–4) 3 (1–4) 0.521
Sepsis, n (%) 73 (49.7) 52 (59.7) 0.189 44 (57.1) 45 (58.4) 0.887
Albumin (g/dl) 3.4 (2.5–4.2) 3.5 (2.6–4.2) 0.742 3.3 (2.4–4.1) 3.4 (2.5–4.1) 0.786
Admission category
 Abdominal/pelvic surgery, n (%) 26 (17.7) 15 (17.2) 0.230 13 (16.9) 11 (14.3) 0.869
 Cardiovascular, n (%) 24 (16.3) 22 (25.3) 14 (18.2) 20 (26.0)
 Gastrointestinal/hepatic, n (%) 12 (8.2) 6 (6.9) 19 (24.7) 17 (22.1)
 Neurosurgery/neurologic, n (%) 35 (23.8) 12 (13.8) 6 (7.8) 6 (7.8)
 Respiratory, n (%) 40 (27.2) 22 (25.3) 15 (19.5) 16 (20.8)
 Others, n (%) 10 (6.8) 10 (11.5) 10 (13.0) 7 (9.1)
Prehospital BI, score, median 
(IQR)

100 (95–100) 99 (90–100) 0.410 100 (95–100) 95 (95–100) 0.639

IQR, interquartile range. 
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DISCUSSION

In this study, the time needed to achieve oral ingestion of 
three meals per day was significantly shorter among early 
rehabilitation patients than among control patients. ICU-
acquired swallowing disorder can be considered as dyspha-
gia caused by muscle mass reduction and weakness of the 
muscles associated with the whole body and those associated 
with swallowing.19,20) Mechanically ventilated patients may 
exhibit dysphagia after extubation because of ICU-acquired 
muscle weakness, impaired tongue strength or perception, 
pharyngeal disorders, or cognitive complications such as 
delirium.

To assess the relationship between early rehabilitation and 
dysphagia in mechanically ventilated critically ill patients, a 
propensity score-matched analysis was performed, and the 
ability of patients to orally ingest three meals per day was 
assessed. Although some patients could ingest three meals 
per day immediately after extubation, for others, swallow-
ing was impaired after mechanical ventilation, making it 
difficult to ingest food orally. Early rehabilitation and early 
ingestion are particularly important for the response to dys-
phagia after extubation. In elderly patients with aspiration 
pneumonia, mortality is significantly lower when physical 
therapy is started within 3 days after admission.21)

In a study by Moss et al.,22) intensive rehabilitation, includ-
ing mobilization, was initiated on day 8 after ICU admis-
sion. However, this rehabilitation approach was found  not 
to be more effective than standard care for shortening the 
duration of hospitalization or improving physical function. 
Similarly, Walsh et al.23) performed intensive rehabilitation 
in patients after discharge from the ICU. They reported that 
the approach did not improve the functional prognosis of 
patients, although patient satisfaction levels increased. In 
both studies, mobilization was initiated late. Moreover, in 
the study by Walsh et al., the frequency of intervention was 
limited to twice weekly. These factors may explain the poor 
outcomes of intensive rehabilitation in these studies. In the 
present study, intervention in the early rehabilitation group 
was generally initiated within 2 days after hospital admis-
sion, and it was performed every day through collaboration 
among intensive care specialists, ICU physical therapists, 
speech therapists, and nurses. This early introduction of 
rehabilitation possibly contributed to the reduction of the 
period needed to achieve satisfactory oral ingestion.

Delirium has recently been reported to negatively affect 
not only short-term prognosis but also long-term prognosis 
and cognitive function. Additionally, there is a consensus 

that ICU-AD influences functional prognosis. In the present 
study, delirium developed markedly less frequently in the 
early rehabilitation group. Delirium is defined as a revers-
ible cognitive disorder involving disorientation, short-term 
memory impairment, lack of attention, and/or abnormal pat-
terns of thinking. Schweickert et al.7) reported that the early 
initiation of exercise therapy for ICU patients improved their 
ADL scores and walking distances on discharge from the 
hospital and reduced the prevalence of ICU-AD. Based on 
this finding, early rehabilitation employing multi-profession-
al collaboration for ICU patients with tracheal intubation 
may facilitate changes making earlier mobilization feasible. 
Furthermore, the prevention of complications associated 
with delirium may shorten the period needed to achieve oral 
ingestion.

Early rehabilitation for ICU patients may increase hos-
pitalization cost because of a rise in rehabilitation fees for 
each disease category. However, on comparing such costs 
between the early rehabilitation and control groups, we did 
not identify any significant differences. In previous studies, 
early rehabilitation increased personnel expenses, but hos-
pitalization cost remained unchanged because of shortened 
durations of ICU stay and hospitalization.6) In the present 
study, although the durations of hospitalization and ICU 
stay were similar between the two study groups, the overall 
hospitalization costs were similar. This was possibly because 
the increased medical fees incurred as a result of early re-
habilitation were offset by the prevention of complications, 
such as delirium, and a reduction in related treatment costs.

The present study has some limitations. The study was 
conducted in a single facility within a limited period. Be-
cause the subjects were not randomly allocated to the two 
groups, it may be difficult to generalize the results regard-
ing early rehabilitation to all mechanically ventilated ICU 
patients. Additionally, the study assessed the period needed 
to achieve oral ingestion without measuring the swallowing 
function. Thus, it did not fully examine the effects of early 
rehabilitation. In the future, prospective studies with a higher 
number of subjects should be conducted.

CONCLUSION

Early rehabilitation for mechanically ventilated ICU 
patients may facilitate earlier mobilization. Additionally, it 
may shorten the period required to achieve oral ingestion by 
preventing complications such as delirium.

Prog. Rehabil. Med. 2018; Vol.3, 20180009 7
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