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Objective : We aimed to identify clinico-radiological risk factors that may predict unfavorable neurological outcomes in traumatic brain injury
(TBI), and to establish a guideline for patient selection in clinical trials that would improve neurological outcome during the early post TBI period.
Methods : Initial clinico-radiological data of 115 TBI patients were collected prospectively. Regular neurological assessment after standard
treatment divided the above patients into 2 groups after 6 months : the Favorable neurological outcome group (GOS : good & moderate disability,
DRS : 0-6, LCFS : 8-10) and the Unfavorable group (GOS : severe disability-death, DRS : 7-29 and death, LCFS : 1-7 and death).

Results : There was a higher incidence of age >35 years, low initial GCS score, at least unilateral pupil dilatation, and neurological deficit in the
Unfavorable group. The presence of bilateral parenchymal lesions or lesions involving the midline structures in the initial brain CT was observed
to be a radiological risk factor for unfavorable outcome. Multivariate analysis demonstrated that age and initial GCS score were independent risk
factors. The majority of the Favorable group patients with at least one or more risk factors showed improvement of GCS scores within 2 months
after TBI.

Conclusion : Patients with the above mentioned clinico-radiological risk factors who received standard treatment, but did not demonstrate
neurological improvement within 2 months after TBI were deemed at risk for unfavorable outcome. These patients may be eligible candidates for
clinical trials that would improve functional outcome after TBI.
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INTRODUCTION amenable to alteration. During the past several decades,
many clinical or pharmacological trials have been per-

The general incidence of traumatic brain injury (IBI) in  formed to produce methods for reducing or minimizing
developed countries is approximately 200/100,000 per  secondary brain damage after TBI. However no clear
year”. In the United States, about 2,000,000 patients suffer ~ benefits have been shown to date due to the complex
from head injuries annually, 75,000-100,000 patients die  pathophysiological mechanisms and heterogeneous patient
from these injuries, and 70,000-90,000 patients suffer from  population involved in TBI. Only the calcium channel
debilitating neurological dysfunction states until death'”.  blocker, nimodipine, has shown to reduce secondary brain
TBI has a peak incidence between 15-24 years of age®"”.
Since it is prevalent in children and young adults, the result  compared to controls, by preventing production of oxygen

damage in traumatic subarachnoid hemorrhage patients

of TBI has a serious and devastating effect in social and ~ mediated free radicals”. However, it has been stressed that
economic terms. this therapy does not treat the underlying brain parenchymal

The mainstay treatment for TBI is to reduce the extent of ~ damage, and its use is therefore still controversial'>'®.
secondary brain damage after the primary insult, since the ~ Recently, transplantation of stem cells has been attempted
damage occurring at the time of trauma is generally not  in TBI animal studies to treat the brain injury directly, and

results have shown improved neurological function of TBI
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is due to neuroprotection by prevention of secondary
injury to neural cells rather than actual or real tissue repair.
Therefore, in order to prevent the emergence of neurological
sequelae after severe TBI, it is desirable that clinical trials
such as stem cell transplantation should intercede in the
early post TBI period. However, difficulties are envisaged in
recruiting patients for new early post-TBI clinical trials and
in evaluating therapeutic outcomes because of the complex
pathophysiological mechanisms and various outcomes.

The authors of this prospective study attempted to
identify clinical and radiological risk factors that may
predict unfavorable neurological outcomes in the early
period after TBI, and ultimately to establish a guideline for
patient selection in clinical trials that would improve
neurological outcome during the early post TBI period.

MATERIALS AND METHODS

Patients

From December 2004 to March 2006, 115 patients who
were admitted to the neurosurgical department via the
emergency room (ER) due to head trauma were included
in this study. Standard care was based on the guidelines of
the 1997 EBIC-Guidelines™"'?. All enrolled study patients
were subject to prospective clinical and radiological data
from the time of admission to the ER, and were evaluated
for neurological outcome 6 months after initial therapy.

Clinico-radiological factors

Clinical risk factor assessment consisted of data collection
pertaining to age, sex, mental status, Glasgow coma scale
(GCS) score, neurological deficits, pupil size, initial systolic
blood pressure, routine laboratory data, traumatic vector,
and combined extracranial injury.

To assess radiological risk factors, the locations of the
traumatic parenchymal lesions as observed on the initial
brain CT at the ER were classified as follows :
unilateral, bilateral, or lesions involving the midline struc-

absent,
tures (brainstem or corpus callosum).

Assessment of neurological outcome

GCS scores of each and all patients were assessed
immediately upon admission and at regular intervals
thereafter by a research nurse. Neurological outcome was
evaluated with the Glasgow Outcome Scale (GOS) 6
months after TBI. Disability rating scale (DRS) and the
Rancho Los Amigos Cognitive Scale (LCFS) were also
assessed®”. To investigate and analyze the clinical and
radiological risk factors for unfavorable neurological out-
come, the assessment score was used to define a Favorable
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group (GOS : good & moderate disability, DRS : 0-6,
LCES : 8-10) and an Unfavorable group (GOS : severe
disability-death, DRS : 7-29 and death, LCES : 1-7 and
death). For those patients who died within 6 months after
TBI, the last score was designated as the 6 month score.

Statistical analysis was conducted with the SPSS program
(version 12.0). Chi-square test was utilized for categorical
variables, independent sample t-test for continuous variables,
logistic regression method for multivariate analysis. Statistical
significance was defined as p value<0.05. Continuous variables
were expressed as meansstandard error.

RESULTS

Clinical and radiological characteristics

Among the total of 115 patents, 81 were male and 34
were female. The median age was 47.7 years (range, 16.8-
85.2). Trauma vectors consisted of 37 motor vehicle
accidents, 27 falling down injuries, 21 passenger accidents,
and 30 miscellaneous injuries. The median GCS score at
the dme of arrival at the ER was 10.8 (range, 3-15), and
33.9% of patients were with a GCS score of less than 8,
indicative of severe injury (Table 1). The number of
patients with at least one pupil dilatation at the time of
initial evaluation was 27 (23.4%). Forty (34.8%) patients
who had neurological deficit were comprised of 9 with
cranial nerve palsy, 6 with motor weakness, 1 with visual
deficit, 4 with speech disturbance, 1 with cerebellar signs,
and 19 patients with abnormal motor response and a GCS
score of less than 8.

There were 42 patients (36.6%) who demonstrated
bilateral parenchymal lesions or lesions involving the midline
structures on the initial brain CT at the ER (Table 1).

Thirteen of the 115 patents (11.3%) died from disease
within 6 months after TBI. Eleven of the 13 patents died
of increased intracranial pressure caused by the TBI itself,
while 2 died from sepsis that progressed from pneumonia
during treatment. The median survival time of the above
13 patients was 2 weeks (range, 1 day-20 wecks).

Neurological outcome assessment by GOS 6 months
after the TBI showed that 87 patients were classified as the
Favorable group and 28 as the Unfavorable group. The
DRS method showed that the number of patients were 84
and 31 respectively, and 78 and 37 respectively by the
LCFS method (Table 2).

Clinico-radiological risk factors for unfavorable
outcome

Age, initial GCS score at ER, neurological deficit, at least
unilateral pupil dilatation, and the presence of bilateral
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parenchymal lesions or lesions involving the midline
structures on the initial CT showed significant difference
between the Favorable and Unfavorable group when
assessed by all 3 methods such as GOS, DRS and LCFS
(Table 2).

The mean age of the Favorable group was 46.8-47.3 years
according to the assessment methods, but this was signifi-
cantly higher in the Unfavorable group (57.7-59.5 years).
To interpret this result in detail, it was observed that the
number of patients who were aged 235 years was signi-
ficantly greater in the Unfavorable group (91.9-96.4%)
compared to the Favorable group (74.4-75.0%). The mean
initial GCS score in the Favorable group was 12.0-12.2,
but this was significantly lower (7.2-7.8) in the Unfavorable
group. At least unilateral pupil dilatation was observed in
45.9-50.0% of the Unfavorable group, which was signifi-
cantly higher compared to the Favorable group (12.8-
14.9%). Neurological deficits also occurred more frequently
in the Unfavorable group (59.5-64.3%) compared to the

Table 1. Clinical and radiological characteristics of 115 patients

Favorable group (23.1-25.3%). Besides age, initial GCS,
pupil dilatation and neurological deficit, there was no
significant difference between the 2 study groups with
respect to sex, initial systolic blood pressure, routine labor-
atory data, traumatic vector, and combined extracranial in-
jury-

The presence of bilateral parenchymal lesions or lesions
involving the midline structures on the initial CT was
significantly different between the Favorable and Unfa-
vorable groups with regard to GOS, DRS, and LCFS
assessment method (Table 2). While the incidence of bil-
ateral parenchymal lesions or lesions involving the midline
structures such as corpus callosum or brainstem on the
initial CT was 28.6-31.0% in the Favorable group, it was
significantly higher (54.1-61.3%) in the Unfavorable group
(Table 2).

Result of multivariate analysis

The logistic regression method was utilized to analyze the
following factors by multivariate
analyses; age, initial GCS score at ER,

Charucteristic Subtype Putient number (%) neurological deficit, at least unilateral
Ade 285 yeurs 23(00) pupil dilatation, and initial CT
<35 yeurs 72(800) findings (bilateral parenchymal lesions
Initicl GCS Severe group (<8) 39339 . . . -
or lesions involving the midline
Moderate group (9-12) 16(13.9)
. structures). It was shown that age and
Mid group (213) 60(522) initial GCS ind d
Pupil dilfation ut ER No pupi dilutation 88 (76.6) S scores were independent
Unilateral pupl dilciation 18(156) risk factors for unfavorable outcome
Biluteral pupil dliutation 9(7.8) (p<0.001).
Neuroloyicdl deficit Absent 75652
Present 40(34.8) GCS changes between two
Initial rain CT No infrapurenchymal lesion 19(16.4) groups
Uniluteral lesions 54(47.0) The changes in the GCS score
Biluterd lesions 34296) according to progression of time were
Lesions involving the midline structures® 870

“midline structures : corpus cullosum or brain stem

compared in the patients who had

Table 2. Significant risk factors for the unfavorable neurological outcome (6 months after TBI) in all 3 assessment tools

GOS DRS LCFS
Variable Favorable Unfavordble Favordble Unfavorable Favordble Unfavordble
(h=87) (n=28) (n=84) (h=31) (h=78) (h=37)

Age (Mmeun=SE) 47.3%1.79 59.5+3.07 47.1£181 589429 46.8+1.89 57.7£ 271
Age =35 yeurs 65 (74.7%) 27 (96.4%) 63 (75.0%) 29 (93.5%) 58 (74.4%) 34 (91.9%)
Initial GCS ot ER 12.0+0.38 7.2%0.75 12.1+£0.39 7.5+0.68 12.2+0.39 7.8+0.64
Pupil dilutation 74:13 14:14 72:12 16:15 68:10 20:17

(dbsent : at least unilatercl) (85.1%:149%)  (50.0%: 50.0%) (85.7%:14.3%)  (61.6%:48.4%) (872%:12.8%)  (54.1%:45.9%)
Neuroloyicul deficits 65:22 10:18 63:21 12:19 60:18 15:22

(dbsent : present) (74.7%:253%)  (35.7% : 64.3%) (75.0%:250%)  (38.7%:61.3%) (76.9%:23.1%)  (40.5%: 59.5%)
Parenchymal lesions ut inifial CT 60:27 12:16 60:24 12:19 55:23 17:20

(Ubsent or uniluterdl ; (42.9%:57.1%)

bilateral or midline sfructures™)

(69.0% : 31.0%)

(71.4%:286%)  (38.7%:61.3%) (70.5%:29.5%)  (459% : 54.1%)

“midline structures : corpus callosum or brain stem
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risk factors but showed different outcomes. There were 6
patients without any clinico-radiological risk factors; age
235 years, an initial GCS score of 8 or less, at least unilateral
pupil dilatation, the presence of neurological deficit, initial
CT findings of bilateral parenchymal lesions or lesions
involving midline structure, while 109

1371419 Our series showed

that age, at least unilateral pupillary dilatation, initial GCS,
neurological deficit, and the presence of bilateral parenchy-
mal lesions or lesions involving the midline structure of the

matic subarachnoid hemorrhage

initial CT were confirmed to be prognostic factors, and

patients had at least one of the above
risk factors. According to the GOS at o Fravorabie ouicome grou (n=6D
6 months after TBI, 81/109 patients . e = < s - .
were Favorable group patients, while " e - . - - .
28/109 were in the Unfavorable | , | = /" @
group. In contrast to the Unfavorable § 8 f\gf 57
outcome group, majority of the | @ :/\\ {f_ !
Favorable group patients showed PSS o
improvement of GCS scores within 2 ol 7 b
months of the TBI (Fig. 1). DRS and ol
LCES also ShOWCd similar results Infinal Tweek 2weeks 1month 2nT1i(:T:1;hs 3months  4months 5months 6 months
(data not shown).
Unfavorable outcome group (h=81)
DISCUSSION e ]
Many reports have been published 12 - = B "
to date that have attempted to predict 8 10 7 z — B 5
prognostic factors for long term § z : = _: . 1. G
neurological outcome after severe or -
moderate TBI"*71), The reported 2 — x
prognostic factors are age, motor .
score, puplllary reactivity, intracerebral Intinail Tweek 2weeks 1month 2|’nlonfhs 3months  4months 5 months émonths
lesion, GCS, cause of injury, injury fme

severity score, hypoxia, hypotension,
the Traumatic Coma Data Bank
(TCDB) CT cdlassification, and trau-

Table 3. Reported prognostic factors after TBI in the literatures

Fig. 1. Diagram of Glasgow coma scale (GCS) scores after traumatic brain injury (TBI) in the
patients who had at least one of the risk factors (n=109). Majority of the Favorable outcome group
patients show improvement of GCS scores within 2 months of the TBI (upper), in contrast to those
of the Unfavorable outcome group (lower).

Authors (yeur) Pdtient selection Patient No. Period Outcome Prognostic factors
Choietdl? (1991) Severe TBI 555 1976-1989 12-month mortdility and Age, motor score,
unfavorable outcome pupillary reactivity,
infracerebrdl lesion
Sighorini et ul.” (1999) Moderate or severe TBI, 372 1989-1991 12-month survival Age, GCS, pupillary
or mild TBl with 1IS5*>15 reactivity, ISS, hematoma
Andrews et dl.” (2002) Moderate or severe TBI, 121 1989-1991 12-month mortdlity and Age, cause of injury,
ormild TBl with 1ISS*>15 unfavorable outcome GCS, pupillary reuctivity
Hukkelhoven et ul./® (2004) Moderute or severe TBI 2269 1992-1994 6-month mortality and Age, motor score,
unfavorable outcome pupillary reactivity,
hypoxia, hypotension,
CT clussification, 1SAH
This study Mild, moderdite or severe TBI 115 2004-2006 6-month unfavordble Age T, inifial GCS,
oufcome pupil dilutation ™,

neurologicul deficit, initicl
CTfinding ¥

*Injury Severity Score, T>35 yeurs, Tut leust uniluteral pupil dilutation, § biluteral purenchymal lesion or lesions involving the midline structures the midiine
structures on the initial brain CT

93



J Korean Neurosurg Soc 45 | February 2009

multivariate analysis demonstrated that age and initial GCS
were independent prognostic factors (Table 3).

The patients’ age is known to be a primary risk factor for
predicting neurological outcome after TBI. Older patients
have decreased capacity for brain repair, and systemic
complications are more frequent. Also, compared to young-
er patients, there is a higher incidence of systemic illnesses
such as cardiovascular disease, diabetes, stroke and hence

819 QOur results also

poorer outcome in older patients
showed that mean age was greater in the Unfavorable group
compared to the Favorable group (46.8-47.3 years vs. 57.7-
59.5 years). In addition, patients who were older than 35
years comprised 91.9-96.4% in the Unfavorable group
compared to the 74.4-75% of the Favorable group. To
investigate other prognostic factors, Jiang et al.” studied
846 severe TBI patients and analyzed the relationship
between a GCS score of less than 8 and good recovery.
They observed that in the good recovery group, the
percentage of patients with GCS score from 8 to 3 were
39.88% (8 points), 37.61% (7 points), 32.16% (6 points),
21.69% (5 points), 16.18% (4 points), 6.98% (3 points),
and they concluded that lower GCS scores correlated with
lower chances of good recovery”. We also observed in this
study that mean initial GCS scores were significantly lower
in the Unfavorable group compared to the Favorable group
(7.2-7.8 vs. 12.0-12.2), and it was also shown that age and
initial GCS score were significantly different between the
above two groups in multivariate analysis. In a study by
Hukkelhoven et al.” who studied TBI patients with respect
to pupil reaction, unfavorable outcome in case of both
pupil reaction was present in 459/1,518 (30%) patients,
one pupil reaction in 178/317 (56%), and no pupil
reaction in 225/314 (72%) patients. In a similar study,
Jiang et al.” showed good recovery percentage in 53.13% of
patients with bilateral normal pupil response, 20.99% in
those with unilateral abnormal pupil response, and 11.23%
in those with bilateral abnormal pupil response. In contrast
to the aforementioned studies, our evaluation of TBI
patients focused on a more objective pupil dilatation rather
than pupil reaction or response, and our analysis demons-
trated that the percentage of patients with at least unilateral
pupil dilatation at the time of ER visit was higher in the
Unfavorable group compared to the Favorable group (45.9-
50% vs. 12.8-14.9%). In addition to pupil dilatation,
neurological deficit at ER which represent neural damage,
was observed to be higher in the Unfavorable group (59.5-
64.3%) compared to the Favorable group (23.1-25.3%)).
As well as clinical features, brain CT findings are also
factors for predicting prognosis for patients with TBI*".
Hukkelhoven et al.” reported that unfavorable outcome
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was observed among 238/932 (26%) of TCDB CT class I
and II patients, 203/411 (49%) of class III patients, 48/86
(56%) of class IV, and 361/701 (51%) of TCDB CT V
and VI patients. Wardlaw™” showed that brain CT findings
of subdural hemorrhage, subarachnoid hemorrhage,
parenchymal lesion including midline shifting or abnormal
third ventricle were significantly related to low GCS scores
and survival rates. In our study, we analyzed the locations of
the traumatic parenchymal lesions on the initial brain CT
at the ER and demonstrated similar results; the presence of
bilateral parenchymal lesions or lesions involving the
midline structures on the initial CT was 28.6-30.5% vs.
54.1-61.3% for the Favorable group and Unfavorable
group, respectively. It is therefore considered that such
radiological factors are also predictive of clinical outcome.

Recent studies have suggested that stem cell transplan-
tation is beneficial for functional improvement in the
animal model of TBI'"'®. In these reports, the authors
postulated that the therapeutic effect of transplanted stem
cells might be caused by a neuroprotection rather than the
substitution of damaged tissue. For maximum neuropro-
tection, the available animal study data to date suggest that
clinical stem cell trials for functional recovery after human
TBI should be instituted in the early post-trauma phase
rather than in the late chronic phase. However, prognosis for
TBI patients is affected by diverse and complex pathophy-
siological mechanisms, and even though poor neurological
conditions may be present in the early phase of trauma,
recovery usually occurs as time progresses. Therefore, in
addition to studies that center on elucidating risk factors
that predict poor neurological outcome, data on the timing
of neurological improvement which did not exist in the
past literature is needed. In this present study, the GCS
score of Favorable outcome group and Unfavorable outcome
group patients with at least one significant risk factor were
assessed at intervals after TBI, and it was observed that
Favorable outcome patients showed neurological
improvement within 2 months of TBI. Therefore, the TBI
patients with clinico-radiological risk factors who received
standard treatment but did not show neurological
improvement within 2 months are at risk for poor neuro-
logical outcome, and these patients should be provided
with new clinical trials.

CONCLUSION

This study divided TBI patients into an Unfavorable
group and a Favorable group, and assessed functional
outcome 6 month after TBI with respect to GOS, LCES,
and DRS methods. The obtained clinico-radiological data
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was analyzed prospectively and the results showed that age
235 years, at least unilateral pupil dilatation, low initial
GCS score, neurological deficit, and the presence of bilat-
eral parenchymal lesions or lesions involving the midline
structure of the initial CT were confirmed to be poor
prognostic factors, and multivariate analysis demonstrated
that age and initial GCS were independent prognostic
factors. The majority of Favorable group patients with at
least one risk factor showed improvement of GCS scores
within 2 months of the TBI. Therefore, patients with the
above mentioned clinico-radiological risk factors who
received standard treatment, but who did not demonstrate
neurological improvement within 2 months after TBI
despite standard care were deemed at risk for Unfavorable
neurological outcome. These patients may be eligible
candidates for clinical trials that would improve functional
outcome after TBI.
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