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Objective: To examine the long-term outcomes
after moderate to severe traumatic brain injury
with diffuse axonal injury.

Design: A follow-up study of a regional cohort with
a mean follow-up period of 5 years post-injury.
Subjects: Thirty-four participants were recruited
from a regional neurointensive care unit. Inclusion
criteria were age 16-65 years, a Glasgow Coma
Scale score of 3-12, and radiologically confirmed
diffuse axonal injury.

Methods: Follow-up assessments conducted at
least 1 year post-injury included global outcome
measured by the Glasgow Outcome Scale Extended,
activities of daily living assessed with the Barthel
Index, and life satisfaction evaluated using the
LiSat checklist.

Results: More than two-thirds of participants
regained independence, and approximately half
returned to work or studies. A higher diffuse axo-
nal injury stage was associated with a lower like-
lihood of returning to work or studies. Over half of
respondents reported being satisfied or very satis-
fied with “life as a whole.” Return to work or study
was significantly associated with life satisfaction,
and there was a trend toward higher satisfaction
among those living with a partner.

Conclusion: These findings confirm and extend
observations from previous studies, emphasizing
key areas for rehabilitation and long-term outcome
after moderate to severe traumatic brain injury
with diffuse axonal injury.
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(LAY ABSTRACT )

Knowledge about the long-term outcomes following
the most severe traumatic brain injuries with diffuse
axonal injury remains limited, particularly regarding
life satisfaction, degree of independence, leisure
activities, and close relationships. In this study, 34
participants aged 16-65 years from a regional neu-
rointensive care unit were followed up at a mean of
5 years post-injury. Findings showed that more than
two-thirds had regained independence, approximately
half had returned to work or studies, and about half
of those able to respond reported being satisfied with
life as a whole. Return to work or study was associated
with higher life satisfaction, and living with a partner
Qhowed a trend toward greater satisfaction. j
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raumatic brain injury (TBI) remains a concern glo-
bally (1). One recent review reported the incidence of
TBI in Europe to be 118 to 546 per 100,000 per year (2)
when all severity grades were included and 4.1 to 17 per
100,000 per year when only severe injuries were included.
Even though group-level outcome after TBI is related
to the initial injury severity, individual patients may still
have a good outcome after a severe TBI. In the Track-TBI
study (3), outcome at 12 months after TBI was favourable
(defined as a Glasgow Outcome Scale Extended [GOSE]
score of 4-8) in 52% of those with severe TBI and in
75% of those with moderate TBI. Diffuse axonal injury
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(DAI) is associated with poor outcome after severe TBI
(4). However, several studies indicate that a substantial
proportion of patients with DAI may have a favourable
outcome at 1 year after the injury (5, 6) even though fin-
dings differ based on the definition of favourable outcome
and the mix of injury severity and location. Injury in the
brainstem has been found to be related to unfavourable
outcome (6, 7). The severity of DAI is commonly clas-
sified according to the system developed by Adams and
colleagues in three stages (1. microscopic-only evidence
of axonal damage in cerebral hemispheres, 2. addition of
focal lesion in corpus callosum, 3. addition of focal lesion
in the brain stem). In one study, the odds ratio (OR) for
unfavourable outcome (defined as GOSE 1-5) increased
three times for each grade of DAI (8). The Adams classi-
fication system is, however, developed from postmortem
studies and does not account for lesion volume, bilatera-
lity or injuries in specific brainstem structures. Therefore,
new classification systems based on conventional magne-
tic resonance imaging (MRI) have been proposed during
the last decade to improve prognostic accuracy. Abu
Hamdeh et al introduced an extended anatomical grading,
adding a fourth stage with lesions in the substantia nigra
and mesencephalic tegmentum to the original Adams
classification (9). Similarly, the Stockholm MRI grading
system and the Trondheim traumatic axonal injury-mag-
netic resonance imaging (TAI-MRI) grading system both
emphasize the association between bilateral brainstem
lesions and poor outcomes (10, 11).

Reports on outcome more than | year after TBI with
DALI are scarce and findings are not consistent. In one
study with follow-up at 3—6 years after the injury (mean
5 years), DAI did not predict GOSE (12). Another study
(13) with a follow-up after a median of 54 months (range
14-100) reported favourable outcome (GOSE 6-8) in
39% of patients with DAI III and in 47% of patients with
DALI II. Recently, we reported that DAI stage together
with age were significant predictors of long-term outcome
(mean 5 years, range 1-14 years) (14).

GOSE is an internationally established instrument for
assessing outcome after TBI. GOSE captures aspects of the
ability to work and being independent, but only partly cap-
tures leisure-time activities or relations with spouse, child-
ren and others. These perspectives may also be important
for the individual and may impact on self-reported life
satisfaction, as indicated in previous studies. Factors rela-
ted to higher life satisfaction include employment (15-17),
community participation (15, 17, 18), engagement in lei-
sure activities (17) and lower degree of romantic loneli-
ness (19). Overall, there are few studies on the outcome
after TBI with DAI regarding life satisfaction, leisure-time
activities and relationships with family and others (20).
The aim of this study was to adress this knowledge gap
by reporting long-term outcomes after moderate and severe
TBI with DAI in a regional cohort followed for a mean of
5 years after the injury, with a focus on life satisfaction,
return to work, marital status and leisure-time activities.

MATERIALS AND METHOD

The Regional Research Ethics Committee granted permission
for all included studies. Written informed consent was first
obtained from the TBI patients’ closest relatives and from the
patients themselves when they had sufficiently recovered from
their injury at > 6 months post-injury. All research was conduc-
ted in accordance with the ethical standards as outlined in the
1975 Helsinki Declaration and its later amendments in 2008.

Participants included TBI patients treated at the neuroin-
tensive care (NIC) unit at Uppsala University Hospital bet-
ween 2006 and 2018. Inclusion criteria were: 1) DAI diagnosis
by MRI in the acute phase or by a combination of computed
tomography (CT) and clinical assessment, 2) age 16-65 years
and 3) moderate to severe injury according to Glasgow Coma
Scale at admission (GCS 3-12). Exclusion criteria were: 1)
carlier moderate-severe TBI, 2) neurological or psychiatric
disease, 3) substance abuse and 4) other coincidental injury of
major importance including diagnoses such as spinal cord injury,
hypoxic disorder, major haemorrhage or other substantial injury
that could have interfered with the treatment and recovery from
the actual TBI. The initial brain injury was first analysed by CT
at admission. Suspected DAI on the initial CT was subsequently
confirmed with MRI when the patient was medically stable and
possible to transfer to the radiology department.

All study participants were subject to early assessments by
specialists in neurorehabilitation, who also designed individu-
ally adapted rehabilitation programmes.

Radiological classification, patient data collection and follow-
up evaluation

The brain injury was first analysed by CT. The stage of DAI
was defined by Adams (21) and an extended anatomical grading
suggested by Abu Hamdeh et al (9), where stage IV was defined
as haemorrhagic or non-haemorrhagic lesions in the substantia
nigra and mesencephalic tegmentum. Data regarding GCS and
cause of injury were collected from the Uppsala TBI register
(22).

A follow-up interview 1 year or later after injury was made
by telephone or by a visit. It consisted of a comprehensive
assessment which included estimation of GOSE, length of post-
traumatic amnesia (PTA), activities of daily living (ADL)
functioning by Barthel, life satisfaction — item “life as a whole”
— by LiSat.

Glasgow Outcome Scale Extended

GOSE is a widely used instrument for assessing global outcome
after TBI and has been shown to be valid and reliable (23). It
consists of an ordinal scale with 8 steps where 1=dead, 2=vege-
tative state, 3=lower severe disability, 4=upper severe disabi-
lity, 5=lower moderate disability, 6 =upper moderate disability,
7=lower good recovery, 8=upper good recovery. Favourable
outcome was defined as GOSE 6-8. The structured interview
designed to improve the assessment of GOSE (24) was used to
assess GOSE at the follow-up interview.

Barthel Index

The Barthel Index for ADL is an ordinal scale which measures
a person’s ability to complete ADL. The 10 items are scored
with 0, 5 or 10 points and the total score then varies between 0
(which means total independence) and 100 (which means that
the person is totally dependent) (25).
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Rivermead Posttraumatic Amnesia Protocol

The Rivermead Post-Traumatic Amnesia protocol estimates the
length of post-traumatic amnesia (PTA) through clinical ques-
tioning of the patient. Four grades of PTA are defined by esta-
blishing how long after injury (in hours/days/weeks) the patient
regains continuous day to day memory: mild=less than 1 h,
moderate=1-24 h, severe=1-7 days, very severe=more than
7 days (26).

Life satisfaction checklist LiSat-11

This is a commonly used instrument in Sweden, included in the
Swedish National Quality-Registry for Rehabilitation Medicine
(27). The questionnaire consists of 11 questions where the parti-
cipant indicates the level of satisfaction. The scale is ordinal with
six levels from “Very dissatisfied” to “Very satisfied.” LiSat-11
has been found to be valid for the general population (28). The
answers can be dichotomized into two groups, satisfied (“satis-
fied, very satisfied”) and dissatisfied (“very dissatisfied, dissatis-
fied, rather dissatisfied, rather satisfied”). Validity has been pro-
ven both for the whole instrument and for each item separately. In
this study, only the global aspect “life as a whole,” which repre-
sents a global measure of satisfaction with life (28), was used.

Statistics

All statistical analyses were conducted in SPSS version 27 (IBM
Corp., Armonk, New York, USA). X? and Mann Whitney U tests
were performed to test statistical differences between groups.
Multiple X? tests were performed for multiple group compari-
son, followed by pairwise post hoc tests if significant differences
were found. A p-value <0.05 was considered statistically signi-
ficant.

RESULTS

Patient characteristics are presented in Table I. There
were 67 patients who were eligible for the study, treated
during the years 2006-2018. Eight of them died before
follow-up and 25 either declined participation or did not
answer despite 2 or 3 reminders. Thus, the study included
34 participants (24 men, 10 women), aged 16—61 years
(mean 33). Based on GCS, there were 31 participants with

Table I. Demografic and injury-related data

Variable No
Sex Men 24

Women 10
GCS 3-8 Severe injury 31

9-12 Moderate injury
DAI stage according to Adams* I

II

111
DAI stage according to Abu I
Hamdeh* I
III
v
Traffic accident, car
Traffic accident, bicycle
Traffic accident, pedestrian
Sports accident
Fall
Hit by object

Cause of injury

N o= N
HHLn-bwomG\\le\lww

*Missing data regarding grade of DAI for 2 participants.
GCS: Glasgow Coma Scale; DAI: diffuse axonal injury.

severe TBI (GCS 3-8) and 3 with moderate TBI (GCS
9-12). Twenty-two of the 34 participants had DAI stage
IIT based on Adams’ classification and 16 of them had
DAI stage IV, based on Abu Hamdeh’s classification.

Follow-up was performed after 1-14 years (mean 5).
Twenty-three participants were followed-up by a visit and
11 by a telephonic interview.

Non-responders (n=24) did not differ in age (mean
30, p=0.40), sex (20 men, 4 women, p=0.26) or GCS
(21 with GCS 3-8, 3 with GCS 9-12, p=0.48).

PTA and Glasgow outcome score extended

Twenty-eight participants had a PTA longer than 7 days,
indicating severe amnesia. Data were missing for six par-
ticipants, of which four were classified as GOSE 3 and
were unable to contribute in estimating PTA. It was esti-
mated that PTA was longer than 7 days in those cases.
Thus 32 participants had a PTA longer than 7 days, with
data missing for two. GOSE outcomes showed 22 partici-
pants with unfavourable (GOSE 3-5) and 12 with favou-
rable outcome (GOSE 6-8).

Outcome regarding working or studying ability

At the follow-up, 11 of the participants were working or
studying full-time, three were working or studying part-
time and three were in work-training. The remaining 17
participants were neither working nor studying. Prior to
the injury, most of the participants (n=20) were working
and eight participants were students (Table IV).

A significant relation was found between DAl-stage
and ability to work or study at follow-up (Table II).
Individuals with DAI stage IV had a worse work/study
outcome compared to those with DAI stage I (p=0.013)
and DALI stage II (p=0.035), and showed a trend toward
significance compared to DAI stage III (p=0.07).

Change in situation regarding work/studies, leisure time
and living situation after the traumatic brain injury

At follow-up, the participants were asked, according to a
structured interview, about changes in work or study sta-
tus, leisure activities, and living situation after the injury
(Table III). A total of 25 reported a decline in their ability
to work or study. Of these, eight participants were still
working or studying, including two full-time, but reported
reduced capacity. Overall, the ability to work was more

Table II. Diffuse axonal injury (DAI) grade according to Abu
Hamdeh and work/study situation at follow-up

DAI Work/study at follow-up
1(3) 3
11 (7) 5
111 (6) 4
IV (16) 4
Not graded (2)* 1

*There were 2 participants who did not undergo an magnetic resonance
imaging but they were diagnosed as DAI according to computed tomography
and clinical assessment.
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Table III. Participants’ subjective opinion of life situation at
follow-up compared to before TBI

Table IV. Status at follow-up regarding living situation, ability in
ADL, marital status and working/studying situation

Variable Unaltered Improved Impaired Variable Status At follow-up
Work/studying 6 3 25 ADL Independent (34) 26
Leisure time* 15 2 16 Some or total support (0) 8
Living situation* 20 5 8 Living situation Independent (34) 19
*Missing data for 1 participant. TBI=traumatic brain injury. Some or total support (0) 15
Marital status Unchanged 20
From single (17) to living with a partner 5
affected than leisure time activities and living situation From living with a partner (17) to single 9
. . Working / Studying  Work (25) 10%*
compared with the period before the TBI. Designated work (1) o
Studying (8) to studying 4
to work 3**

Outcome regarding activites in daily life, living
situation and marital status

Functioning in personal ADL was assessed using Barthel
index and interview data (Table IV). Twenty-six of the
participants were independent in ADL, three were nearly
independent and five were highly or completely depen-
dent. Nineteen of the participants were self-sufficient in
their living situation, six had some support and nine had
extensive support.

Twenty of the participants, equally spread among
GOSE 3-8, reported no change in their living situation;
eight continued to live with a partner and 12 remained
single. Following the injury, nine participants had chan-
ged marital status to living alone, all of them classified as
GOSE 3-5. Five of the participants had changed marital
status to living with a partner, four of which were clas-
sified as GOSE 6-8.

Life satisfaction according to the LiSat Checklist

Only the first variable in LiSat was collected — life as a
whole (Table V). There were missing data for 11 partici-
pants, eight of which were classified as GOSE 3 or 4 and
were not capable of reporting the level of satisfaction. The
ability to work or study was significantly associated with
life satisfaction (p=0.008). Marital status showed a trend
towards higher satisfaction among those living with a part-
ner (p=0.06). ADL-function (p=0.09) and support in living
situation, such as assistance with cleaning and laundry, did
not affect the level of life satisfaction (p=0.35).

DISCUSSION

All participants in this study had suffered a moderate
or severe TBI according to GCS. However, all patients

Situation before injury within brackets.
*Two of the participants were in work-training or had a designated work. **One
of the participants had a designated work. ADL: activities in daily life.

experienced a PTA duration longer than 7 days and can,
according to PTA outcomes, be classified as having sus-
tained a severe TBI. The vast majority exhibited severe
DAI > III. The main findings were that at long-term fol-
low-up, more than two-thirds had regained self-indepen-
dence, around half had returned to work and more than
half of those who were able to respond were satisfied or
very satisfied with “life as a whole.” A third of the par-
ticipants had a favourable outcome according to GOSE.
The choice of GOSE 6-8 as favourable outcome was on
the basis that the individual could work or study to some
extent, be independent, perform activities at least to some
degree and participate meaningfully in society.

Good or enough satisfaction with life may be conside-
red the essence of good outcome after TBI. In this study,
life satisfaction was assessed by using the LiSat scale.
Reference data from a national reference population (28)
exist for this scale. In a study conducted by Jacobsson
and Lexell (29), the item “Life as a whole” was found to
be strongly correlated with the total score of Satisfaction
With Life Scale (SWLS). That allows comparison with
data from studies using SWLS. When dichotomizing
LiSat, level 5-6 stands for satisfied and level 1-4 for
not satisfied (28). More than a half of those who could
respond, rated LiSat 5 or 6, which means satisfied or very
satisfied with “life as a whole,” and no one rated 1 or 2
(meaning very dissatisfied or dissatisfied). The median
LiSat score for the age-matched reference population
was five, indicating that many study participants reported
life satisfaction at a similar high level. Further, similar to
the reference population, as well as findings in a 6 years

Table V. Life satisfaction related to work/studying, marital status, ADL ability and support in living situation

LiSat 5-6 (no 13) LiSat missing (no 11)

Variable LiSat 3-4 (no 10)
Working or studying (17) 3 (30%)
Not working or studying (17) 7 (70%)
Living with partner (12) 1 (10%)
Living as single (22) 9 (90%)*
ADL independency (26) 8 (80%)
ADL dependency (8) 2 (20%)
Self-sufficient in living situation (19) 5 (50%)
Support (not ADL) in living situation (15) 5 (50%)

11 (85%) 3 (27%)
2 (15%) 8 (73%)
7 (54%) 4 (36%)
6 (46%)* 7 (64%)

13 (100%) 5 (45%)

0 6 (55%)
9 (69%) 5 (45%)
4 (31%) 6 (55%)

No participant rated life satisfaction to LiSat 1 or 2.
*One participant lived with parents. ADL = activities in daily life.
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follow up after stroke (30), factors related to “Closeness”
such as partner relationship were associated with the
reported satisfaction with “life as a whole” (28).

Previous TBI studies have also pointed out that relations
to close relatives and especially to a partner are important
for life satisfaction (19, 31). Other factors of importance
for life satisfaction after TBI include being able to work
or study, being independent in ADL, having good social
relations, not living alone and being able to perform lei-
sure activities (15, 17-19). The observations in the cur-
rent study of severely injured persons are in line with those
findings. The ability to work or study was significantly
associated with life satisfaction (p=0.008), and marital
status showed a trend towards higher satisfaction among
those living with a partner. Being independent in ADL was
reported by more than two-thirds (24 of 34) of the parti-
cipants, and more than a half were self-sufficient in their
living situation. The Swedish Insurance System provides
funding for personal assistants who can support indivi-
duals in their homes with tasks such as feeding, cleaning,
laundry, transports and other daily activities. Therefore,
individuals are not required to live in a nursing home.
Despite this, it can be very valuable for the individual to
be able to manage their living situation independently. The
proportion of ADL-independent participants was higher
than the proportion that returned to work or studies, which
may reflect persisting cognitive disability. It should be
noted that DAI-stage was significantly related to outcome
regarding work or studying. The higher the DAI-stage, the
lower the degree of return to work or studies. How these
factors interact among each other deserves further studies
in order to optimize personalized rehabilitation plans.

When comparing the participants’ subjective opinion of
change in life situation after TBI, impairment in the wor-
king or studying situation was the most frequently repor-
ted change. This was not unexpected, although 6 of the 17
participants were working or studying, had a designated
job, or were in work training, and thus had experienced a
major change in their work or study situation. Also, even
if working or studying at the same level as before the TBI,
participants can experience an impaired capacity to work
or study. Perceived impairments in living situation and
leisure time activities were less common but may nonet-
heless be of importance for life satisfaction. Those who
reported impairment in working or studying situation also
reported impairment in leisure time activities and living
situation. This demonstrates that abilities and activities
are closely linked to each other and that ability to work or
study seems to be the most vulnerable area.

In our earlier study (14), we found that most of the
participants showed little change in GOSE between 6
months after injury and the late follow-up. Therefore, it
was valuable to describe outcomes in additional aspects,
such as life satisfaction and marital status. However, it
should be noted that improvement may continue into the
second and third year after a severe injury, which means
that findings from participants followed up after 1 or 2

years may be less reliable than those from participants fol-
lowed up later.

The findings in this study should reflect the results of
modern prehospital management and NIC (32, 33) as well
as access to specialised brain injury rehabilitation (34—36).
The findings are in accordance with previous reports which
indicate that going back to work or studies should be prio-
ritised in the rehabilitation process (15, 18) and lend further
support for the impact of functioning in relation to close
relatives as highlighted by Prigatano already in 1989 (31).
From a neurorehabilitation perspective, there is a need for
more research on peer-support, continuity of care and equa-
lity in service delivery not least in the long-term perspec-
tive for young people (20).

Limitations

One main limitation of this study is the small study sam-
ple, which limits statistical analyses and conclusions that
can be drawn. However, the study sample did not differ
from non-responders in age, sex, or GCS, and can there-
fore be considered representative. Data were incomplete
for assessment of LiSat, mainly due to inability to respond
for those with the most severe injuries, which is an inhe-
rent limitation in this group of patients. Outcome measu-
red as early as 1 year after the injury could in some cases
appear worse than the final outcome, both due to poten-
tial improvement later than 1 year and due to temporary
obstacles such as leg fracture or other factors affecting
the ability to work, study or move from the family home
to an independent accommodation. However, regarding
the scarcity of consistent data on long-term outcome after
severe TBI with DAI, we believe our observations may
be valuable for the management of these patients and the
planning of further studies.

Conclusions

In this exploratory cohort study of patients with moderate
to severe TBI and DAI with long-term follow-up, more
than half of responding participants were satisfied or very
satisfied with life. There was a significant association bet-
ween life satisfaction and ability to work or study, and the
association to living with a partner was nearly significant.
Ability to return to work or studying was significantly
related to DAI-stage. The results lend strong support to
rehabilitation efforts regarding return to work and to pro-
vide and develop strategies to support relations with close
relatives.

The authors have no conflict of interest to declare.
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