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Abstract

Favorable long-term functional outcomes after severe traumatic brain injury (TBI) may be underestimated. We analyzed
24-month functional outcomes from a consecutive series of severe TBI survivors. A prospective, observational database of
severe TBI survivors from a single institution was analyzed. Glasgow Outcome Scale-Extended (GOS-E) scores were
obtained at 3, 6, 12, and 24 months post-injury. GOS-E scores were dichotomized into unfavorable and favorable
outcomes, and the proportion of survivors changing from unfavorable to favorable outcomes was calculated using
Wilcoxon signed-rank tests. Surviving adults (N=304; mean age + standard deviation=35.06+15.11; 80.92% male; mode
of initial GCS =7) were analyzed. A statistically significant mean increase in GOS-E was noted from 3 to 6, 6 to 12, 12 to
24, and 6 to 24 months after injury (0.65 [p<0.0001], 0.42 [p<0.0001], 0.23 [p=0.020], and 0.61 [p<0.0001], re-
spectively). Moreover, 43% of survivors from 3 to 6 months, 36% from 6 to 12 months, 38% from 12 to 24 months, and
54% from 6 to 24 months progressed from an unfavorable to a favorable outcome. Two thirds of survivors in the
unfavorable category at 3 months had favorable outcomes at 2 years. Overall, 74% of surviving adults with a documented
GOS-E at 2 years after injury had a favorable outcome. Severe TBI survivors demonstrated significant improvement in
functional outcomes from 3 to 24 months after injury. At 2 years, three fourths of survivors had a favorable outcome.

Long-term prognosis in severe TBI is better than broadly appreciated.
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Introduction

RAUMATIC BRAIN INJURY (TBI) is a major global public

health problem with at least 200 per 100,000 people per year
sustaining such an injury.' It is estimated that 5.3 million Ameri-
cans are living with TBI-related disabilities.> Because of the high
variability in the mechanism of TBI, individual patient factors (e.g.,
age at injury), and the complexity of physical, cognitive, and
emotional sequelae that can affect outcomes, it is challenging for
providers to predict accurate prognoses and time course of recov-
ery. Such uncertainty impacts decision making in the acute care
setting after severe TBI.

Long-term outcomes after severe TBI are underestimated and
underappreciated by many healthcare providers. Further, prog-
nostication of TBI outcomes is notoriously inaccurate, especially
when predictions are made within 24 h after injury and based on
Glasgow Coma Scale (GCS) score or computed tomography (CT)
scan findings.>*® When predictions are made, neurosurgeons
overestimate long-term poor outcomes by 50% and underestimate
long-term good outcomes by 50%.> As such, family discussions

regarding treatment decisions are often based on insufficient
information.

TBI is a heterogeneous disorder, and no two TBIs exactly
alike.®” There is also individual variability in the degree of cog-
nitive, motor, and psychological recovery and the timeline of re-
covery after severe TBI. Previous studies have frequently followed
severe TBI survivors for only 6 months.” As a consequence, sig-
nificant functional improvement occurring beyond that arbitrary
time point has been missed.> As a result, the common assumption
that TBI survivors plateau at 6 months has driven the use of the
6-month Glasgow Outcome Scale-Extended (GOS-E) as the pri-
mary endpoint in TBI clinical trials.” However, as demonstrated by
several studies, severe TBI survivors continue to show improve-
ment well beyond 6 months after injury.®~'* Corral and colleagues
demonstrated a significant improvement in their severe TBI pop-
ulation outcomes from 6 months to 1 year. In addition, a more
recent study demonstrated a steady continued progression in out-
come up to 5 years in their severe TBI population.®

In the current study, we analyzed a consecutive series of severe
TBI survivors in a prospective, observational database to review
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longer-term outcomes (up to 2 years after injury) and assess the
frequency with which patients convert to more favorable GOS-E
outcome categories. We aim to reinforce past research conclusions
that indicate that severe TBI survivors have more favorable long-
term outcomes than previously appreciated. In addition, we have
expanded our analyses to include a statistical comparison of demo-
graphic characteristics between TBI survivors and those who died.

Methods
Participants

Between 2003 and 2017, a consecutive series of severe TBI
patients were enrolled into the Brain Trauma Research Center
(BTRC) database, an institutional review board— (IRB)-approved
prospective, longitudinal cohort study. Five hundred fifty-nine se-
vere TBI patients were enrolled during the study period, and neu-
rological outcome assessments were performed at 3, 6, 12, and 24
months post-injury on the surviving adults. To be included in the
study, patients must be 16-80 years old with a post-resuscitation
GCS <8 and not following commands (GCS motor score <5). Pa-
tients were excluded if they had a GCS of 3 and bilateral fixed
pupils, neurological deterioration more than 24 h after admission,
or imminent brain death. Because this study focuses on long-term
outcome trajectory, we choose to exclude those patients who did
not survive the acute hospital setting.

Measures

The database included clinical data collection and functional
outcome (as measured by GOS-E) at 3, 6, 12, and 24 months. GOS-
E is widely used for assessing global long-term outcome after a TBI
and was administered by structured in-person or telephone inter-
view by trained, qualified neuropsychology technicians. It consists
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of eight outcome categories: upper and lower good recovery, upper
and lower moderate disabilit7y, u})éper and lower severe disability,
vegetative state, and death. 1416 Need of assistance, work re-
strictions, and social limitations differentiate between upper and
lower scores. Upper good recovery included survivors who re-
sumed normal life with the capacity to work with or without minor
neurological or psychological deficits.> If these deficits are dis-
abling, the survivor would fall within the lower good recovery
category.? Upper moderate disability described survivors who are
independent at home, but dependent outside of home.” These sur-
vivors have some disability, such as aphasia, hemiparesis, epilepsy,
and/or memory or personality deficits.> If they are not able to return
to work, the rating is lower moderate disability.> Upper severe
disability included survivors who were dependent for daily support
for mental and/or physical disabilities.? If they could not be left
alone at home for more than 8h, they are rated as having lower
severe disability.?

Outcome scores were dichotomized as favorable outcome (upper
severe disability or better [GOS-E score of 4-8]) or unfavorable
outcome (lower severe disability or worse [GOS-E score of <3]),
based on the dichotomization utilized in the RESCUE-ICP trial and
other trials.'”"” The favorable outcome category included survi-
vors who were independent in the home, but relied on others for
assistance outside the home. As with previous trials, the dichoto-
mization was chosen with the understanding that survival with
considerable disability instead of death may be acceptable to some
survivors and caregivers and not acceptable to others.'”

Procedures

Trained research assistants collected information regarding
injury severity (initial GCS) and medical course from hospital
and emergency medical service records. All initial GCS scores
were recorded upon admission by a trained neurosurgeon post-

GOS-E outcomes across time
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GOS-E outcomes across time among survivors with data at 24 months. Severe TBI survivors show a significant progressive

increase in favorable functional outcome from 3 to 24 months. There were 10% of survivors in a vegetative state (GOS-E of 2) at 3 months
and only 1% by 2 years. Again, at 3 months, there were 49% of survivors within the lower severe disability (GOS-E of 3) category, which
decreased to 17% by 2 years. We dichotomized survivors into two groups; those with unfavorable outcomes (GOS-E scores 1-3) and
favorable outcomes (GOS-E scores 4-8), which the black line delineates. Over half of the survivors fell within the unfavorable group at 3
months. However, this percentage decreased to 26% by 2 years. More important, the percentage of survivors with favorable outcomes
increased from 42% at 3 months to 74% at 2 years. This figure is among survivors with data at 24 months accounting for the difference in
number of survivors at each time point. N=134 at 3 months, N=142 at 6 months, N= 143 at 12 months, and N=173 at 24 months. GOS-E,

Glasgow Outcome Scale-Extended; TBI, traumatic brain injury.
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Initial
Population:
n=559
Dead at 3 Alive at 3
months: n=255 months: n=304
| Completed GOS-E: n=226 (74%) |

Dead at 6 Alive at 6
months: n=3 months: n=301
Completed GOS-E: n=227 (75%) |

Dead at 12 Alive at 12
months: n=5 months: n=296
Completed GOS-E: n=204 (69%) |
|
[ ]
Dead at 24 Alive at 24
months: n=6 months: n=290
| Completed GOS-E: n=159 (55%) |

FIG. 2. Patient population over time. The flow diagram follows the patient population from the initial number of patients enrolled
through 24 months showing how many were dead and alive at each time point. Of the surviving patients at each time point, the number
and percent of patients who completed GOS-E is shown. GOS-E, Glasgow Outcome Scale-Extended.

resuscitation and off paralytics and/or sedative medications. families were contacted at 3, 6, 12, and 24 months post-injury to
A verbal subscale score of 1 was assigned to subjects who were  assess the subjects’ level of functioning, including completion of
intubated. Demographic information, such as date of birth, edu- GOS-E. If the patient was not able to provide accurate information,
cation, and pre-morbid functioning, was collected in interviews data were collected from family members or care providers who
with the subjects or family/significant others. Subjects and their =~ were familiar with the subject.

TABLE 1. DEMOGRAPHICS OF ALL ENROLLED PARTICIPANTS

Patients deceased Patients deceased
Survivors at 3 months at 24 months
Mean =+ SD n Mean=+ SD n Mean=+SD n
Age® 35.06+15.11 304 49.22+17.19 255 47.71£17.84 14
%0 % )

Race
White 91.42 277 92.55 236 93.86 13
Non-white 8.58 26 7.45 19 7.14

Sex
Male 80.92 246 76.86 196 85.71 12
Female 19.08 58 23.14 59 14.29

GCS at admission®
3 12.83 39 41.96 107 14.29 2
4 6.58 20 13.33 34 14.29 2
5 6.91 21 12.55 32 7.14 1
6 20.39 62 11.37 29 21.43 3
7 43.75 133 16.47 42 42.86 6
8 9.54 29 4.31 11 0 0

Mechanism of injury
Traffic accident 62.82 191 38.04 97 42.86 6
Fall 14.14 43 43.53 111 21.43 3
Off-road vehicle accident 06.25 19 2.75 7 7.14 1
Pedestrian struck 06.25 19 7.06 18 14.29 2
Other 04.28 13 4.31 11 7.14 1
Assault 03.95 12 2.35 6 7.14 1
Bicycle 02.30 7 1.96 5 0 0

Among all survivors between 3 and 24 months, mean age was 35 years with 81% being male and 91% white. Mechanism of injury is listed showing that
63% of severe TBIs were attributed to traffic accidents. The most common initial Glasgow Coma Scale (GCS) score on admission was 7. In addition,
descriptors for the patients who died before 3 months are shown. Mean age for this population was 49 years with 77% being male and 93% white. The most
common mechanism of injury among these patients was falls (44%). Forty-two percent of patients in this population had an initial GCS of 3 on admission.

aSurvivors were, on average, younger (p<0.0001). Patients who died in the first 3 months had a higher rate of GCS 3.

SD, standard deviation.
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TABLE 2. DEMOGRAPHIC CHARACTERISTICS AMONG THOSE
WITH GOS-E DATA AT 24 MONTHS

Unfavorable Favorable
(GOS-E 1-3) (GOS-E >4)
Mean* SD Mean* SD
Age 38.35+£16.94 33.90+14.54
% n % n
Race
White 95.56 43 93.70 119
Non-white 4.44 2 6.30 8
Sex
Male 73.91 34 76.38 97
Female 26.09 12 23.62 30
GCS at admission
3 13.04 6 9.45 12
4 19.57 9 4.72 6
5 10.87 5 8.66 11
6 26.09 12 18.90 24
7 28.26 13 44.88 57
8 2.17 1 13.39 17
Mechanism of Injury
Traffic accident 69.57 32 61.42 78
Fall 8.70 4 17.32 22
Off-road vehicle 4.35 2 7.09 9
accident
Pedestrian struck 8.70 4 4.72 6
Other 4.35 2 3.94 5
Assault 2.17 1 2.36 3
Bicycle 2.17 1 3.15 4

This table demonstrates the characteristics among survivors with
favorable and unfavorable outcomes at 24 months. There were no significant
differences between survivors in the favorable and unfavorable outcome
groups at 2 years. This table is only among those survivors with GOS-E data
at 24 months. N=173.

GCS, Glasgow Coma Score; GOS-E, Glasgow Outcome Scale-
Extended; SD, standard deviation.

Statistical analysis

The distributions of the data were checked for normality. Wil-
coxon signed-rank tests were used to assess whether the observed
changes in GOS-E scores between time points was significantly
different from no change in GOS-E scores. Descriptive statistics
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were used to quantify the nature of the change. The proportion of
survivors who exhibited an increase in GOS-E score was calcu-
lated. Moreover, the proportion of survivors changing from unfa-
vorable to favorable outcomes between each time point was
calculated. An additional descriptive calculation was used to assess
the mean initial GCS between the unfavorable and favorable out-
come groups. A comparison of demographic characteristics was
made between survivors with favorable outcomes and unfavorable
outcomes at 2 years. Demographic characteristics of those deceased
at 3 months were compared to survivors. Also, patients who were
deceased at 24 months were compared with those who were alive at
24 months and patients deceased at 3 months. Last, among those
with GOS-E at three or more time points, a within-subjects analysis
using a generalized estimating equation (GEE) model was applied
to evaluate the change in GOS-E across time points.

Results

Study enrollment included 559 severe TBI patients; of these, 255
(46%) died within 90 days and 14 more died between 3 and 24
months after injury (Fig. 2). Patients who died before their 3-month
follow-up were excluded from analysis.

As seen in Table 1, patients who died before 3 months (n=255)
significantly differed in many characteristics than those that sur-
vived (n=304). Those who died early were older (mean age=
49.22+17.19), had lower GCS scores on admission (42% had an
initial GCS score of 3), and 44% suffered from falls compared to
survivors (all p<0.0001). TBI survivors’ mean age was
35.06+£15.11, and 44% had an initial GCS score of 7. Patients
who were deceased at 24 months (n=14) were similar to survi-
vors, in that 43% had an initial GCS score of 7 and most suffered
from traffic accidents (43%; p <0.0001). Demographic and clin-
ical characteristics of study participants with GOS-E data at 24
months are listed in Table 2. On logistic regression, there were no
significant differences between the unfavorable and favorable
outcome groups at 2 years. Survivors at 2 years were younger and
less likely to have been injured in a fall, compared to those pa-
tients who died by 3 months (p <0.0001). Survivors demonstrated
significant improvements in mean GOS-E scores between each
time point. From 3 to 6 months, on average, survivors demon-
strated a statistically significant 0.65-point increase in mean GOS-
E score (p<0.0001).

Half of survivors demonstrated an increased GOS-E score,
whereas 36.6% showed no change at all (Table 3). As seen in
Table 4, 43% of survivors progressed from an unfavorable to a

TABLE 3. CHANGES IN GOS-E across TIME PosT-INJURY

From From From From From From
3m to 6m 3m to 12m 3m to 24m 6m to 12m 6m to 24m 12m to 24m
n % n % n % n % n % n %
GOS-E

Decrease 27 13.37 20 11.24 18 1343 25 13.37 26 18.71 23 17.04
No change 74 36.63 47 26.40 24 17.91 89 47.59 43 30.94 64 47.41
increase 101 50.00 111 62.36 92 68.66 73 39.04 70 50.36 48 35.56
Missed time point 74 166 297 92 223 131
Deceased 3 8 14 5 11 6
Subtotal n 279 352 445 284 373 272

The percentage of survivors decreasing, increasing, or having no change in GOS-E scores over each time interval is shown. Only 13% of survivors had
a decline in their functional status from 3 to 24 months, whereas 69% of severe TBI survivors demonstrated an increase in their functional status within
this time interval. More important, this table demonstrates from 6 to 24 months there is an increase in GOS-E scores of 50% during a time interval thought
to be when survivors plateau in their progression. Patients who died between 3 and 24 months have been excluded from this table.

GOS-E, Glasgow Outcome Scale-Extended; m, months; TBI, traumatic brain injury.
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TABLE 4. CONVERSION RATES FROM UNFAVORABLE AND FAVORABLE OUTCOMES
Unfavorable to favorable Favorable to unfavorable Remained unfavorable Remained favorable
n % n % n % n %
3-6 months 45 42.86 11 11.34 60 57.14 86 88.66
3-12 months 48 52.17 7 8.14 44 47.83 79 91.86
3-24 months 52 66.67 3 5.36 26 33.33 53 94.64
6-12 months 25 36.23 7 5.93 44 63.77 111 94.07
6-24 months 32 54.24 6 7.50 27 45.76 74 92.50
12-24 months 15 37.50 5 5.26 25 62.50 90 94.74

The percentage of survivors converting between favorable and unfavorable outcomes is shown.

There is a small portion of severe TBI survivors who progressed from favorable to unfavorable functional outcomes by 2 years. Most severe TBI
survivors show a progressive increase in their functional status over 2 years. Over half of survivors demonstrated a conversion from the unfavorable
category to the favorable category from 6 to 24 months and 3 to 24 months. The 14 patients that died between 3 and 24 months were excluded from this
analysis. The percentages calculated are based on the total number of cases in each row.

TBI, traumatic brain injury.

favorable outcome. From 6 months to 12 months, survivors dem-
onstrated a statistically significant 0.42-increase in mean GOS-E
score (p<0.0001). During this time, 39.0% of survivors demon-
strated an increased GOS-E score, whereas 47.6% survivors dem-
onstrated no change at all (Table 3). Over one third (36%) of
survivors progressed from an unfavorable outcome to a favorable
outcome between 6 and 12 months after injury (Table 4).

From 12 to 24 months post-injury, survivors demonstrated a sta-
tistically significant 0.23-increase in mean GOS-E score (p=0.02).
From 12 to 24 months post-injury, 35.6% of survivors demonstrated
an increase in GOS-E score, whereas 47.4% survivors demonstrated
no change (Table 3). Similarly, 38% of survivors progressed from an
unfavorable to a favorable outcome (Table 4). Among those with
GOS-E at three or more time points, a GEE model revealed that
survivors’ GOS-E scores increased 0.62 points from 3 to 6 months,
1.01 from 3 to 12 months, and 1.21 from 3 to 24 months ( p <0.0001).

Figure 1 represents how survivors with data at 24 months moved
through each GOS-E category over time. Further, it shows the
delineation of survivors who shifted from unfavorable to favor-
able outcomes over time. The mean initial GCS was 6.25+1.44
among the survivors with favorable outcomes at 2 years. Survi-
vors with unfavorable outcomes at 2 years had a mean initial GCS
of 5.4+1.47.

In the unfavorable category, 67% of survivors at 3 months had
favorable outcomes at 2 years (Table 4). Overall, 74% of surviving
adults with a documented GOS-E score at 2 years after injury had a
favorable outcome (Fig. 1).

Discussion

We recognize that the mortality in severe TBI patients within 3
months was high; however, this study was planned to assess re-
covery trajectories for long-term severe TBI patients who survived
the acute hospital setting. In this consecutive series, severe TBI
survivors demonstrated significant improvement in functional
outcomes from 3 to 24 months after injury. Though 2-year mor-
tality was 46%, three fourths of severe TBI survivors achieved
favorable outcomes. Significant improvement in functional out-
comes in the 6-24 months after injury was independent of initial
GCS. Further, two thirds of survivors in the unfavorable category at
3 months post-injury converted to the favorable outcome (inde-
pendent in the home, at minimum) by 2 years after injury. Even
though some may consider a GOS-E score of 4 (upper severe
disability) unfavorable, there is a reduced demand on caregivers

and potential for further improvement. These results buttress the
perspective that long-term prognosis in severe TBI survivors is
better than broadly appreciated.

There is evidence that TBIs can trigger progressive degenera-
tive processes affecting cognitive and neurological function.?
Physical, cognitive, and psychological disturbances can dramat-
ically affect survivors’ ability to live and work independently. An
improved understanding of long-term clinical outcomes after se-
vere TBI will aide in refining prognostic tools and can guide
clinicians who are counseling families on treatment decisions.
The favorable outlook of survivors in this series also highlights
the need for ongoing rehabilitation and community reintegration
strategies that may further mitigate long-term disability. Un-
fortunately, in numerous regions, current insurance regulations
require that a patient demonstrate signs of responsiveness to be
eligible for acute inpatient rehabilitation.”'" However, in our
series and in many other studies, survivors who failed to show
early improvements still experienced considerable recovery after
hospital discharge and most survivors recover enough to partici-
pate in rehabilitation services.”!!'>*! Regrettably, data from the
Traumatic Brain Injury Model System centers indicate that few of
these survivors are secondarily referred to appropriate rehabili-
tation facilities.’

Rehabilitation impacts emergence from coma, improving voca-
tional capacity, as well as regaining independence at home, which, in
turn, leads to decreased caregiver burden and societal costs, and
overall quality of life of survivors as well as their families.®'%13!
Recent studies have not proven a causal relationship in which re-
habilitation hastens recovery. However, the positive prognosis,
prolonged survival, and considerable recovery potential after severe
TBI intuitively suggest the importance of continuous, individualized
rehabilitation.

The use of a global measure of functional outcome, such as the
GOS-E, may limit our study because of the subjective nature of
questions and lack of quantitation. It does not reflect subtle
changes with respect to cognition or symptom manifestation,
such as psychological issues or sleep changes that may occur.>'?
In addition, information regarding post-acute phase interventions
and rehabilitation treatments are not available. Although most
patients do receive rehabilitation, no data were compiled because
patients received this treatment in other centers. Further, we fo-
cused this analysis on TBI survivors. Excluding TBI deaths
biases, the overall outlook toward a more positive picture, but
our goal was to understand better the long-term outcomes in
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patients who survive a severe TBI. Pessimism exists regarding
TBI outcomes, and this analysis provides important clarity on
the bimodal distribution of real-world TBI care (some patients
die; survivors overall do quite well and continue to improve).
Focusing on TBI survivors also underscores the public health
need for stronger rehabilitation and community reintegration
programs.

Future studies will attempt to incorporate more detailed mea-
sures of severity of intracranial injuries, such as CT imaging,
functional measures, broader range of predictors, and rehabilitation
information. Understanding the social support at the community
level available to individual patients can aide in better discerning
the long-term impact of injury on various functional outcomes as
well as tailor rehabilitation programs to meet the long-term needs
of this population.

Conclusion

In this large consecutive series of severe TBI survivors, sub-
stantial and ongoing recovery was observed from 3 to 24 months
after injury. At 2 years, three fourths of survivors had a favorable
outcome. Long-term prognosis in severe TBI survivors is better
than broadly appreciated.
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