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The course of fatigue after acute spinal cord injury

HA Anton1,2,3,4, WC Miller1,2,4,5,6, AF Townson1,2,3,4, B Imam1,4,5,7, N Silverberg1,2,3,4 and S Forwell4,6

Study design: Prospective cohort study.
Objectives: To determine the prevalence and course of fatigue following acute spinal cord injury (SCI) during rehabilitation and after
discharge.
Setting: Tertiary spinal cord rehabilitation facility.
Methods: Fifty-two patients with traumatic SCI were assessed after admission to rehabilitation and followed until 6-months post
discharge into the community. Fatigue was measured using the Fatigue Severity Scale (FSS) and the Modified Fatigue Impact Scale for
Spinal Cord Injury (MFIS-SCI) at admission, discharge and 6 months after discharge. Clinically significant fatigue was defined as FSS
scores ⩾4 or MFIS-SCI scores ⩾24.5.
Results: The mean (s.d.) age of our mainly male (78.8%) sample was 46.3 (17.8) years of age. Half had cervical and 61.6% had
complete injuries. Mean (s.d.) FSS scores were 3.7 (1.6) at baseline, 3.4 (1.5) at discharge and 3.7 (1.7) post discharge. Mean (s.d.)
MFIS-SCI scores were 24.4 (16.1) at baseline, 23.4 (16.3) at discharge and 27.8 (17.5) post discharge. Fatigue on the FSS was
present in 51.9% at baseline, 38.3% at discharge and 48.1% post discharge. Fatigue on the MFIS-SCI was present in 44.2% at
baseline, 44.7% at discharge and 51.9% post discharge. There was no relationship between fatigue and injury level or completeness.
Conclusions: Fatigue is common in SCI patients admitted to rehabilitation. Fatigue remained stable during rehabilitation and after
discharge into the community. Clinicians should consider early screening for fatigue and interventions to reduce the consequences of
fatigue in people with SCI.
Sponsorship: The British Columbia Medical Services Foundation funded our study.
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INTRODUCTION

Spinal cord injury (SCI) may cause severe neurological impairment
and disability. It is frequently associated with secondary conditions
that cause distressing symptoms and increased disability. Fatigue is a
common secondary condition that occurs in over 50% of people with
SCI living in the community.1,2 There is no single accepted definition
of fatigue, but one useful definition is difficulty in initiating
or sustaining voluntary activities.1 Fatigue has a negative association
with participation in life activities after SCI.3 Fatigue may also have
negative effects on involvement in rehabilitation after SCI.4 Use of
mobility aids and wheelchairs may be adversely affected by fatigue.5,6

Fatigue may contribute to excessive tiredness after performing
cognitive tasks.7 Fatigue can also contribute to the reduction in
health-related quality of life.8 Fatigue is an important concern to
people living and aging with SCI in the community, and may
contribute to decline in function and loss of independence.9–13 In
summary, fatigue is an important problem in people with SCI, which
can affect function, mobility and quality of life.
Many factors may contribute to fatigue after SCI. Potential causes

of fatigue include medication use, depression, anemia, autonomic
dysfunction, chronic pain, behavioral factors and sleep disorders.14–22

The increased energy costs associated with living and functioning
with a physical impairment may also contribute to fatigue.23

Incomplete SCI was shown to contribute to increased fatigue
severity in a sample of patients with SCI living in the community,
possibly because those with incomplete injuries have less instru-
mental support and are more likely to participate in fatiguing
activities.2

Important knowledge gaps hinder the diagnosis, prevention and
treatment of fatigue after SCI. Most research has focused on
individuals with chronic SCI. There is little information about the
course of fatigue in acute and subacute SCI. We are aware of only one
study that assessed the prevalence of fatigue in the subacute stage after
SCI.24 In this paper, we describe a prospective study that addresses the
course of fatigue from initial rehabilitation to discharge into the
community.
We hypothesized that fatigue will be common in people with acute

and subacute SCI and will be more common in people with
incomplete SCI. Because people with SCI are likely to have greater
participation in fatiguing life activities after discharge to the commu-
nity than in inpatient rehabilitation, we also hypothesized that fatigue
will be greater in people with SCI after discharge.
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MATERIALS AND METHODS

Design
Our prospective cohort study aimed to recruit and follow individuals with new
traumatic SCI from the time of admission to rehabilitation (the acute phase) to
the community at 6-months post discharge (the subacute phase). Subjects were
recruited from the G.F. Strong Rehabilitation Center in Vancouver, British
Columbia, from 23 April 2008 to 30 September 2012. GF Strong is a tertiary
referral center and the main provider of inpatient rehabilitation to people with
traumatic SCI in British Columbia and the Yukon.

Participants
Previously inclusion criteria included age ⩾ 19 years of age and admission with
acute traumatic SCI (paraplegia and tetraplegia, American Spinal Injury
Association Impairment Scale (AIS) A, B, C and D) o6 months.25 Exclusion
criteria included the inability to provide informed consent and anticipated
discharge to a destination that would not allow follow-up. The Clinical
Research Ethics Review Board of the University of British Columbia approved
the study protocol. All applicable governmental and institutional regulations
concerning the ethical use of human subjects were followed during the course
of this research.
There were no previous studies that measured the incidence or prevalence of

fatigue in the acute and subacute phase after SCI or in any similar population.
We were therefore unable to perform an a priori power calculation for our
study. We instead chose a sample size that was feasible within the time available
to complete the study. We aimed for a sample size of 50 and planned to
oversample by 10% to allow for subjects lost to follow-up. Enrollment and
baseline data collection occurred within 1–4 weeks of admission to
rehabilitation.

Outcome measures
Demographic and clinical variables collected included age, sex, marital status,
education level, vocational status, days since injury, cause of injury, level of
injury and completeness of injury. Information on medical comorbidities that
might contribute to fatigue including other injuries, endocrine disorders,
anemia, cardiac conditions, respiratory conditions, sleep disorders, additional
neurological conditions and depression were obtained from review of the
clinical charts. Fatigue data were collected during inpatient stay at baseline, at
discharge and in the community at 6-months post discharge using telephone
follow-up. Fatigue was measured using the Fatigue Severity Scale (FSS) and the
Modified Fatigue Impact Scale for Spinal Cord Injury (MFIS-SCI).26–28

The FSS is a 9-item measure self-report tool for screening the severity of
fatigue.26 Fatigue is rated on a 7-point ordinal scale ranging from 1 (strongly
disagree) to 7 (strongly agree). Scores are calculated by deriving an arithmetic
mean. Cut scores of over 4 are indicative of clinically significant fatigue. The
FSS has been shown to be reliable and valid in people with SCI.2

The MFIS is a comprehensive multi-dimensional self-report scale that
captures information regarding the impact of fatigue on an individual’s life
originally validated in people with multiple sclerosis.27 The MFIS has been
adapted for the use in people with SCI (MFIS-SCI).28 Individuals rate their
fatigue on a scale of 0 (never) to 4 (almost always). The scores are summed,
yielding a total score of 0–84, with higher scores indicating higher impact of
fatigue. Cut scores of over 24.5 are indicative of clinically significant fatigue in
people with SCI.

Data analysis
Variables were summarized as means (s.d.) or frequency (%). We evaluated the
temporal trends in fatigue by calculating the percentage of the sample that had
clinically significant fatigue at baseline, at discharge and at 6-months post
discharge (FSS scores ⩾ 4 or MFIS-SCI scores ⩾ 24.5). To further evaluate the
effects of time from injury to the development of clinically significant fatigue,
we compared the fatigue scores of patients with clinically significant fatigue at
baseline with their scores at 6-months post discharge using odds ratios. If a
95% confidence of interval (CI) for the odds ratio does not include 1, then the
odds are said to be statistically significantly different. We also used linear
regression modeling to look for the relationship between fatigue and level of

injury (paraplegia or tetraplegia) and completeness of injury (motor complete
AIS impairment A and B or motor incomplete AIS C and D).

RESULTS

We screened 179 individuals and recruited 67. We were able to collect
complete data on 52 subjects (Figure 1). The demographic and clinical
characteristics of our study subjects are contained in Table 1. Our
sample had a mean (s.d.) age of 46.3 (17.8) years and was
predominantly male (78.8%). More than half (61.6%) of our subjects
had AIS A complete injuries. Half (50%) had cervical level injuries
(tetraplegia). Discharge data were available for only 39 of our 52
subjects because subjects were discharged prematurely before data
could be collected or were transferred to acute care for medical
treatment and then discharged directly home. Data were available
from all 52 subjects at 6-months post discharge into the community.
Clinically significant fatigue was common in our sample, with

approximately half having FSS or MFIS-SCI greater than the cutoff
point (Tables 2 and 3). There was no statistically significant relation-
ship between level or completeness of injury and fatigue (P40.05).
There was no relationship between gender, age and fatigue.
The odds ratio (with associated 95% CI) of having a clinically

significant FSS score at 6-months post discharge was 2.59 times greater
in those who had a clinically significant FSS at baseline than in those
who did not (95% CI= 0.86–8.20). On the basis of the 95% CI, the
odds were not significantly different between the two groups on the
FSS. The odds of having a clinically significant MFIS-SCI score at
6-months post discharge were 3.74 times greater in those who had a
clinically significant MFIS-SCI at baseline than in those who did not
(95% CI= 1.21–12.57). On the basis of the 95% CI, the odds were
significantly different between the two groups on the MFIS-SCI.

DISCUSSION

This study contributes to our knowledge of fatigue after SCI by
providing data on fatigue in the acute stage of SCI. Previous studies
have demonstrated that fatigue is common after chronic SCI and may
occur in 52–57% of people living in the community.1,2,15 Our study
shows that fatigue is also common in an acute and subacute
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• Medical issues (n=5) 
• Deceased (n=3) 
• Dropped out (n=1) 

Completed data (n=52) 

Analyzed (n=52) 

Enrollment

Follow-Up 
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Figure 1 Participant flow diagram.
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population of individuals with recent SCI, occurring in nearly half of
our study participants. In the only other study we are aware of that
measured the prevalence of fatigue in subacute SCI, Nooijen et al.24

found fatigue in only 31% of their sample. Their study had a smaller
sample size and included people with both traumatic and non-
traumatic SCI. It is possible that people with non-traumatic SCI have
different patterns of neurological injury and impairment, which might
reduce the prevalence of fatigue.
We hypothesized that patients with incomplete SCI in our study

would be more likely to have fatigue. Our results did not support that
hypothesis. That contrasts with the results of Nooijen and the Fawkes-
Kirby group, who did find that fatigue was more common in people
with incomplete SCI. One possible explanation is that our study
participants were somehow different than those in the other studies.
The Nooijen and Fawkes-Kirby studies included some participants
with non-traumatic SCI, but it is not clear why that might explain
their different results. Another possible explanation is that time as
injury has a different effect on fatigue in incomplete versus complete
SCI. The mean time from injury to initial assessment in our study was
45.6 days. The time to assessment after discharge in the community
varied greatly, but all the data collection was completed within 1 year
from the time of injury. The mean duration of time since injury in the
study by Nooijen’s group was 4.7 months. The mean duration since
injury in the study by Fawkes-Kirby and colleagues was 12.68 years.
Given that the time between injury and fatigue assessment in our
group falls between that in the Nooijen and Fawkes-Kirby studies, it
does not seem that time since injury would explain the difference in
our results.
Level of injury is another factor that could contribute to fatigue after

SCI. People with lower level injuries are generally more able to
participate in physical activities than people with higher level injuries.
That increased participation could contribute to increased fatigue.
Alternatively, it has been suggested that decreased sympathetic activity
in people with tetraplegia compared with those with paraplegia could
contribute to increased fatigue.18 There was no relationship between
the level of injury and fatigue in our study. Given our relatively small
study sample and the heterogeneous nature of injury characteristics
based on the injury level, it may be that our study did not have the
power to identify such a relationship.
Medical comorbidities such as disordered sleep, anemia, orthostatic

hypotension or pain are common in people with SCI and may
contribute to fatigue.13,14,16,17,19 We collected data on medical
comorbidities from our subjects’ medical charts. Medical conditions
were common in our study population, but we had no way of
assessing their severity, current clinical relevance or relationship to
fatigue.
People with SCI frequently use sedating medications such as

antispasticity drugs, analgesics for neuropathic or nociceptive pain
and antidepressants. Medication use has been associated with fatigue
in patients with chronic SCI.14 We previously assessed the effect of
inpatient medication use in a subset of our study population and
reported the results elsewhere.29 The most prescribed medication
category was analgesics. Analyses showed no significant relationship
between specific medication classifications or the number of medica-
tions and fatigue scores. It is possible that the sample size was too
small to identify any clinically significant effects of medication on
fatigue in our population.
We used two different fatigue measures in our study. We did so in

part because fatigue is a complex phenomenon, and the FSS and
MFIS-SCI measure different aspects of fatigue. Use of both the FSS
and MFIS-SCI increases the relevance of our study to clinicians. Our

Table 1 Summary of participant demographic and clinical

characteristics (n=52)

Age mean (s.d.) 46.3 (17.8)

Male (%) 41 (78.8)

Marital status, n (%)
Married 19 (36.5)

Single 17 (32.7)

Separated and divorced 6 (11.5)

Common law 9 (17.3)

Widowed 1 (1.9)

Education level, n (%)
Less than high school 2 (3.8)

High school 28 (53.8)

Some college 8 (15.4)

University degree 11 (21.2)

Vocational status, n (%)
Retired 7 (13.5)

Unemployed 5 (9.6)

Employed 38 (73.1)

Length (days) of stay mean (s.d.) 110.8 (51.1)

Day since injury mean (s.d.) 45.6 (22.1)

Completeness of injury, n (%)
Complete (AIS A and B) 32 (61.6)

Incomplete (AIS C and D) 20 (38.5)

Level of injury, n (%)
Cervical 26 (50)

Thoracic 22 (42.3)

Lumbosacral 4 (7.7)

Abbreviation: AIS, AIS Impairment Scale.

Table 2 Frequency of clinically significant fatigue

Baseline, n (%) Discharge, n (%) Post 6 months, n (%)

FSS score ⩾4 27 (51.9%) 18 (38.3%) 25 (48.1%)

MFIS-SCI score ⩾24.5 23 (44.2%) 21 (44.7%) 27 (51.9%)

Abbreviations: FSS, Fatigue Severity Scale; MFIS-SCI, Modified Fatigue Impact Scale for Spinal
Cord Injury.

Table 3 Change in fatigue over time

FSS mean (s.d.)
Baseline 3.7 (1.6)

Discharge 3.4 (1.5)

6-Months post discharge 3.7 (1.7)

MFIS-SCI mean (s.d.)
Baseline 24.2 (16.1)

Discharge 23.4 (16.3)

6-Months post discharge 27.8 (17.5)

Abbreviations: FSS, Fatigue Severity Scale; MFIS-SCI, Modified Fatigue Impact Scale for Spinal
Cord Injury.
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experience suggests that clinicians can be comfortable using either tool
based on their specific needs. The FSS is a better screening tool
because it is simple and takes only a very short time to administer. The
more comprehensive MFIS-SCI is better suited to measure the effects
of rehabilitation treatment.
To the best of our knowledge, ours is the only study that has

prospectively followed patients with acute SCI from the start of
rehabilitation to discharge and then to the community. We hypothe-
sized that fatigue will be greater in people with SCI after discharge.
Our results for the most part did not support that conclusion. We
found that the odds of having a clinically significant MFIS-SCI score at
6-months post discharge were significantly greater in those who had a
clinically significant MFIS-SCI at baseline than in those who did not,
but did not find a similar result with the FSS. One explanation for the
mixed results is that our numbers were too small to show a significant
change with the FSS. It is also possible that there is more than one
trajectory for fatigue after injury and significant individual differences
in the course of fatigue were not fully captured in our study. The most
conservative interpretation of our results is that fatigue is stable over
the course of time from admission to the completion of rehabilitation
and after discharge into the community. An important clinical
implication is that if fatigue is identified early after injury then fatigue
is likely to persist.
We encourage clinicians to consider measuring fatigue with a tool

similar to the FSS or the MFIS-SCI after admission to rehabilitation. If
fatigue is present, the next step should be to identify and treat
potentially reversible causes of fatigue, such as depression, use of
sedating medications and comorbid medical conditions. Clinicians
should also implement strategies for fatigue management throughout
the rehabilitation process to reduce the long-term consequences of
fatigue for their patients with SCI.

Study limitations
The most important limitation in our study was our relatively small
sample size. Another limitation was that we were not able to follow
subjects for a longer period after discharge into the community.
Although we collected data on medical comorbidities, we had
insufficient information to evaluate the potentially important con-
tribution of those to fatigue. Finally, because fatigue is a complex
phenomenon, it is possible the fatigue measures we used may not have
fully captured all aspects of fatigue.
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