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Background: Traumatic brain injury (TBI) can result in functional impairments. Many patients with TBI require post-acute care to 
improve their functional skills and allow for greater self-independence and a better quality of life. Taiwan’s National Health Insurance 
proposed a nationwide post-acute care program in 2017 for patients with traumatic brain injury. The program’s goal was to maximize 
patients’ functional recovery and make it possible for them to return to their homes and communities. This study aimed to explore the 
effectiveness of such programs in Taiwan.
Methods: This pilot study retrospectively evaluated a de-identified database that contained the scores of various assessments 
evaluated at admission and discharge. It used the data to determine the functional improvement of patients with traumatic brain 
injury after participating in post-acute care programs.
Results: This study collected complete data from 27 patients. After an average of 45.11 days in the program, the patients showed 
significant improvement in the Barthel Activity Daily Living Index, the Lawton–Brody Instrumental Activity Daily Living Scale, the 
Mini Nutrition Assessment, the EuroQol Five Dimensions Questionnaire, the Berg Balance Scale, the Galveston Orientation and 
Amnesia Test, the Rancho Los Amigos Scale, the Concise Chinese Aphasia Test, and the Mini Mental State Examination. After 
discharge, 96% of the patients could return to their community.
Conclusion: This pilot study concluded that the program significantly promoted functional recovery for patients and could help 
patients with traumatic brain injury return to their communities and reduce the risk of institutionalization. Thus, patients with the 
potential for functional recovery could receive post-acute care in regional or community hospitals immediately after being discharged 
from acute wards. In the future randomized controlled trials are needed to further confirm the clinical impact of this program.
Keywords: traumatic brain injury, rehabilitation, post-acute care

Introduction
Traumatic brain injury (TBI) is one of the leading causes of health loss and disability around the world. TBI is mainly 
caused by injuries from falls and car accidents. The incidence of TBI is likely to continue to increase over time due to the 
increase in population density, the aging population, and the use of automobiles, motorcycles, and bicycles.1 The 
estimated incidence of TBI per year globally is 27 to 69 million,2 and the incidence in Taiwan is 52,000 per year. TBI 
may result in severe life-long cognitive, physical, and behavioral impairments that require long-term healthcare and 
disability assistance services.3 Rehabilitation is an effective treatment for patients with TBI, as it can reduce TBI-related 
morbidity and increase the possibility for patients to return to work. Many studies have proven that acute rehabilitation 
can improve the prognosis of patients with TBI.4

Taiwan’s National Health Insurance (NHI) proposed a post-acute care (PAC) program in 2017 for traumatic brain 
injury patients. The objectives of this program are to maximize functional recovery, reduce disability, improve quality of 
life, and enable patients to return to their homes and communities. In this program, patients with TBI who have 
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rehabilitation potential and are willing to undergo rehabilitation are referred from the acute ward to the rehabilitation 
ward of a regional or community hospital to receive post-acute care and rehabilitation. In order to implement a vertically 
integrated healthcare system, patients need to achieve a stable state in the acute ward of a medical center, undergo an 
initial assessment, and then be referred to a regional or community hospital to participate in the TBI PAC program. It is 
expected that this integrated and continuous care model can help patients restore functions and reduce disability. 
Although the PAC program has existed since 2017, no studies have probed into the therapeutic effectiveness of PAC 
programs for TBI patients in Taiwan. This study explored the improvement of function and quality of life for patients 
with traumatic brain injury through participating in PAC programs by comparing the scores of various assessments 
evaluated at admission and discharge. We hypothesized that TBI patients who received this PAC program would have 
functional recovery and a better quality of life.

Methods
Subjects
This study analyzed the de-identified data of patients enrolled in the PAC program of a regional hospital in central Taiwan. To be 
included in the PAC program, the patients needed to: 1) be greater than or equal to 20 years old; 2) be within 60 days of suffering 
a traumatic brain injury; 3) have significant and persistent moderate function impairment, defined as having a Barthel index score 
ranging from 40 to 70; 4) have a stable medication condition; and 5) have the potential for functional recovery after rehabilitation. 
The stable medication conditions were: 1) a stable neurological condition that had not deteriorated for more than 72 hours after the 
patients had recovered from nerve injury shock; 2) stable vital signs for the past 72 hours, including blood pressure, heart rate, 
body temperature, respiration rate, and blood oxygen saturation; and 3) complications, such as deep vein embolism or pulmonary 
embolism, autonomic dysreflexia, blood pressure and heartbeat instability, infection, blood abnormalities, decubitus ulcers, 
seizures, hydrocephalus, convulsions, gastrointestinal bleeding, or adynamic ileus, had been stable or controllable. The potential 
for functional recovery after rehabilitation should be followed by the principles which included: 1) having basic cognition, 
learning ability, and intention; 2) having the sufficient physical strength to maintain a sitting posture with the support of 
a wheelchair or bed edge for at least one hour; 3) having achievable treatment goals; and 4) having the ability to actively 
participate in the rehabilitation program. The discharge regulations of the PAC program were based on the patients meeting any of 
the following conditions: 1) functional improvement and the ability to receive rehabilitation in the community; 2) a hospital stay 
longer than 12 weeks; 3) self-discontinuation of the program; 4) the inability to continue the program due to disease progression.

This study complies with the Declaration of Helsinki. All TBI patients signed an informed consent before enrolling in 
the PAC program, and this informed consent included the permission to use anonymized medical data for research. This 
study was approved by the Institutional Review Board of Ministry of Health and Welfare, Tasotun Psychiatric Center 
(No. 111040), which was the same hospital alliance with first author’s hospital and in charge of IRB work for first 
author’s hospital and listed at www.chictr.org.cn under registration number ChiCTR2300067864.

Study Design
This retrospective cohort study mainly analyzed the de-identified data containing the scores of various assessments 
evaluated at admission and discharge, which were used to determine the functional improvement of patients in the PAC 
programs. According to the NHI’s rules for the PAC program, all TBI patients received comprehensive post-acute care in 
a hospital by a multidisciplinary team consisting of physiatrists, nurses, physical therapists, occupational therapists, 
speech therapists, case managers, dietitians, pharmacists, and social workers. All TBI patients in the PAC program 
received daily 1.5- to 3-hour-long intensive rehabilitation programs that included physical therapy, occupational therapy, 
and speech therapy. The multidisciplinary team summoned regular weekly meetings to report the initial, interim, and final 
evaluations of the patients and discuss the treatment goals, plans, and effectiveness, as well as create a discharge plan.

The patients’ basic information included records on gender, age, brain injury mechanism, onset time and length of 
stay. Functional recovery, improvement of quality of life, and effectiveness of rehabilitation were assessed by comparing 
differences between the admission and discharge outcome scales. The outcome scales were assessed at admission, every 
three weeks and at discharge by members of a multidisciplinary team (Figure 1).
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The outcome scales included the Barthel Activity Daily Living Index (B-ADL, scored from 0–100, with a higher score 
indicating better performance, represent the severity of ADL function);5 the Lawton–Brody Instrumental Activity Daily 
Living scale (LB-IADL, scored from 0–8, with a higher score indicating better performance);6 the EuroQol Five 
Dimensions Questionnaire (EQ-5D, scored from 1–3, with a lower score indicating better performance);7 the Mini 
Nutrition Assessment (MNA, scored from 0–30, with a higher score indicating better performance);8 the Berg Balance 
Scale (BBS, scored from 0–56, with a higher score indicating better performance);9 the Mini Mental State Examination 
(MMSE, scored from 0–30, with a higher score indicating better performance);10 the Galveston orientation and amnesia test 
(GOAT, scored from 0–100 with a higher score indicating better performance);11 the Rancho Los Amigos Scale (RLAS, 
scored from 1–10, with a higher score indicating better performance, represent the severity of cognitive function);12 and the 
Concise Chinese Aphasia Test (CCAT, scored from 1–12, with a higher score indicating better performance).13

Statistical Analysis
All data were collected and analyzed retrospectively. All statistical analyses and procedures were performed using SPSS 
WIN version 18. The descriptive statistics included the percentage, mean, and standard deviation. This study used 
a paired t-test to compare the functional status and quality of life before and after the PAC program, and P <0.05 was 
defined as the level of statistical significance in the two-tailed analysis.

Results
A total of 30 participants were admitted to the hospital and participated in the PAC program. Most of them were referred from 
the acute wards of two medical centers in Taiwan. Three patients discontinued the PAC program: one had hydrocephalus and 
was transferred to the neurosurgery ward for a surgical intervention, one had a severe intra-abdominal infection with septic 
shock and was transferred to the acute ward, and one presented with hearing impairment and was transferred to the 
otorhinolaryngology ward for surgical management. Therefore, 27 patients completed the PAC program and all evaluations.

The basic information about the patients is presented in Table 1. The mean patient age was 55.8 ± 17.42 years. 
Fourteen patients (42.4%) were men, and 13 patients (39.4%) were women. A total of 18 patients (54.5%) were injured 

Figure 1 Flow diagram of healthcare pathway. 
Abbreviation: PAC, post-acute care.
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in traffic accidents, and 9 patients (27.3%) were injured by falls. The average number of days post-injury at admission 
was 30.81 ± 14.06 days. The mean length of stay in the PAC hospital was 45.11 ± 21.09 days.

With the comparison between the outcomes of this program and the initial values, Table 2 shows the Mean ± SD of 
each outcome scale score of the patients with TBI at admission and discharge. There were significant improvements in 
the B-ADL, LB-IADL, EQ-5D (self-care, usual activities, and anxiety/depression), MNA, BBS, MMSE, GOAT, RLAS, 
and CCAT (P <0.05). There was no significant improvement in the EQ-5D (mobility and pain/discomfort) only.

Figure 2 compares the progress in the cognitive and language functions of the patients with TBI before and after 
receiving the PAC programs. The results showed that the improvements in the GOAT, MNA, RLAS, and CCAT all 
exceeded 20%.

After completing the PAC programs, most of the patients (96%) returned to the community and continued rehabilita-
tion, either at home (n = 15, 55.6%) or in an outpatient clinic (n = 11, 40.7%) and only one patient went to the long-term 
care institution (Table 3).

Table 1 Baseline Data of the Patients

N % Mean ± SD

Gender 27
Male 14 51.9

Female 13 48.1

Age (years) 55.81 ± 17.42
20–40 5 18.5

41–64 12 44.5

≥65 10 37.0
Mechanism of injury

Traffic accident 18 66.7
Fall 9 33.3

Days post-injury at admission 27 30.81 ± 14.06

Length of stay in the PAC 27 45.11 ± 21.09

Abbreviation: PAC, post-acute care.

Table 2 Outcome Scores at Admission and Discharge and Effect of Functional Performance and Quality 
of Life in Patients with TBI

N Admission (Mean ± SD) Discharge (Mean ± SD) P-value

B-ADL 27 57.58 ± 11.79 88.15 ± 14.42 0.000*

LB-IADL 27 1.30 ± 1.17 3.81 ± 1.71 0.000*
EQ5D: mobility 27 2.15 ± 0.36 1.93 ± 1.88 0.550

EQ5D: self-care 27 2.19 ± 0.40 1.74 ± 0.53 0.000*

EQ5D: usual activities 27 2.26 ± 0.45 1.81 ± 0.48 0.000*
EQ5D: pain/discomfort 27 1.15 ± 0.36 1.11 ± 0.32 0.574

EQ5D: anxiety/depression 27 1.30 ± 0.54 1.04 ± 0.192 0.017*

MNA 27 7.74 ± 1.56 9.70 ± 1.44 0.000*
BBS 27 29.04 ± 17.37 45.37 ± 13.99 0.000*

MMSE 27 20.44 ± 5.78 25.33 ± 4.71 0.000*

GOAT 27 64.74 ± 22.78 86.30 ± 14.30 0.000*
RLAS 27 6.63 ± 1.28 8.22 ± 15.78 0.000*

CCAT 14 9.26 ± 3.42 11.21 ± 0.85 0.040*

Note: *P <0.05. Data are presented as mean ± SD unless otherwise indicated. 
Abbreviations: B-ADL, Barthel Activity Daily Living Index; LB-IADL, Lawton–Brody Instrumental Activity Daily Living Scale; EQ-5D, 
EuroQol Five Dimensions Questionnaire; MNA, Mini Nutrition Assessment; BBS, Berg Balance Scale; MMSE, Mini Mental State 
Examination; GOAT, Galveston Orientation and Amnesia Test; RLAS, Rancho Los Amigos Scale; CCAT, Concise Chinese Aphasia Test.
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Discussion
TBI may cause physical dysfunction and cognitive impairments that affect patients’ quality of life. TBI also imposes an 
economic burden on society. It is estimated to cost USD 60 billion per year in the United States.14–16 Therefore, how to 
maximize the functional recovery of TBI patients and reduce the medical and economic burden are important issues 
around the world. The mean age of the patients with TBI in this study was 55.81 years old, and the patients participated 
in the PAC program for a mean of 45.11 days. After receiving the PAC programs, the patients showed significant 
improvements in the functional outcome scales, including the B-ADL, LB-IADL, EQ-5D (self-care, usual activities, and 
anxiety/depression), MNA, BBS, MMSE, GOAT, RLAS, and CCAT. The results demonstrated that after the patients with 
TBI completed the PAC programs, they had significant improvements in their activities of daily living, quality of life, 
nutritional state, balance ability, cognitive functions, and language functions. The results of this study were consistent 
with the hypotheses. Moreover, most of the patients could successfully return to their homes and communities after being 
discharged from the hospital. Similar results have been obtained in many past studies, where the patients with TBI 
significantly improved several functions, reduced their dependence, and increased the possibility of returning to 
community life after receiving post-acute rehabilitation.17,18 Although progress was made in the EQ-5D scores for 
mobility, pain and discomfort, the difference was not significant in this study. Based on the results of these subjective 
assessment scales, this study discovered the importance of pain and discomfort issues for patients with TBI and the 
patients’ high expectations for the recovery of their original mobility.

Figure 2 Improvement of cognition and speech at discharge compared to admission. 
Abbreviations: MMSE, Mini Mental State Examination; GOAT, Galveston Orientation and Amnesia Test; RLAS, Rancho Los Amigos Scale; CCAT, Concise Chinese Aphasia Test.

Table 3 Post-PAC Disposition

N %

Community (Home rehabilitation) 15 55.6
Community (Outpatient rehabilitation) 11 40.7

Long-term care institution 1 3.7

Abbreviation: PAC, post-acute care.
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The PAC program in this study provided the patients with TBI with comprehensive multidisciplinary team-based 
healthcare services to improve the quality of care and therapeutic effect. A previous study showed that many current 
guidelines strongly recommend the implementation of comprehensive multidisciplinary treatment for TBI.19 The use of 
a multidisciplinary approach to implement rehabilitation programs can more effectively treat patients with TBI.4,20,21 

This PAC program emphasized that patients with TBI in acute wards would be directly referred to rehabilitation wards in 
regional or community hospitals to receive comprehensive rehabilitation treatment as soon as possible after their medical 
condition was stable, if they met the inclusion criteria according to the assessment of the medical centers. Moreover, 
according to the program requirements, the time since the onset of TBI needed to be less than 60 days. As a result, the 
PAC program allowed the patients to receive rehabilitation treatment as soon as possible, thereby reducing the length of 
time in disability and gaining significant progress. Past research has indicated that patients who participate in post-acute 
rehabilitation within three months after injury make significant functional progress. In addition, early intervention can 
maximize the reduction of functional limitations.17 Another study showed that the implementation of rehabilitation 
within the first year after TBI can achieve the best rehabilitation effect, while greatly reducing medical costs.4

This PAC program provided the patients with TBI with high-intensity rehabilitation treatment. The frequency of 
rehabilitation was 1.5–3 hours per day, five days per week. Previous studies have indicated that compared with low- 
intensity rehabilitation, early intervention using high-intensity rehabilitation can accelerate the functional recovery of 
patients and increase the opportunity for patients to return to the workplace.22 TBI can cause many cognitive impair-
ments, including attention, information processing speed, memory, executive function, and communication.23 The results 
in this study showed significant improvement in the GOAT, MNA, RLAS, and CCAT scores after the patients with TBI 
completed the PAC program, suggesting the patients had significant improvements in cognitive and language functions. 
Depression is the most common psychiatric illness in patients with TBI, with an incidence of 10%-70%.24 One study 
indicated that compared with TBI patients without depression symptoms, the quality of life, health status, and 
psychosocial function of TBI patients with depression symptoms are poorer.25 Past research has also showed that 
exercise training can effectively reduce the depression of patients with TBI.25,26 This study found significant improve-
ments in the scores for anxiety and depression in the EQ-5D for the patients with TBI participating in the PAC program.

This study performed a retrospective analysis on samples collected from only one hospital. Some studies have 
suggested that geographic variations may affect the implementation of PAC programs.27 Therefore, the research results 
cannot represent the overall effectiveness of all TBI PAC programs in Taiwan. Moreover, there was a higher proportion 
of younger subjects (<65 years old) in the patients with TBI enrolled in this study. As a result, better outcomes may have 
been obtained compared with those found in the older population. This study excluded TBI patients with severe 
dysfunction (Barthel index score <40) in the acute phase. However, some of these patients may have rehabilitation 
potential. Prospective studies are suggested in the future to randomize patients into participating groups and non- 
participating groups of the PAC program to further confirm the effectiveness and clinical impact of the PAC program.

Conclusion
This study concluded that the TBI PAC program significantly promoted functional recovery for patients in Taiwan, 
helped them return to their communities, and reduced the risk of institutionalization. Thus, TBI patients with the potential 
for functional recovery could receive PAC in regional or community hospitals immediately after being discharged from 
acute wards. In the future randomized controlled trials are needed to further confirm the clinical impact of this program.
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