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Introduction

Traumatic brain injury (TBI) is associated with substan-
tial neurological impairment and consumption of
health care resources [2]. Despite difficulties in predict-
ing neurological evolution, recognizing which patients

A combined clinical and MRI approach
for outcome assessment of traumatic
head injured comatose patients

L. Naccache

Neurophysiology department

La Pitié-Salpétriere Hospital

Assistance Publique - Hopitaux de Paris
and Université Pierre et Marie Curie-Paris 6
Paris, France

Abstract Traumatic brain injury
(TBI) is associated with substantial
consumption of health care re-
sources. No clinical or paraclinical
examination can reliably predict
neurological evolution. In this
study, we evaluated the ability of a
combined clinical and MRI ap-
proach to predict outcome. Meth-
ods This prospective study took
place between June 2001 and
March 2005 in a Neurosurgical In-
tensive Care Unit in Paris, France.
Inclusion criteria were TBI patients
still mechanically ventilated and
without clinical signs of awareness
after 2 weeks. Four clinical signs
were assessed after cessation of
sedation: grasping, yawning, chew-
ing and paroxysmal sympathetic
storm. FLAIR and T2* acquisitions
on MRI were used in order to local-

ize brain lesions. Statistically linked
regions (clusters) were defined.
Outcome was assessed at one year
by Glasgow Outcome Scale (GOS).
Findings 73 patients were included:
41 had poor outcome (GOS 1-3)
and 32 had good outcome (GOS
4-5). Lesions in the clusters “right
upper pons and right lower mid-

»

brain”, “hypothalamus and basal
forebrain”, “left parietal, left tem-
poral, left occipital lobes and left
insula” and the presence of grasp-
ing or chewing were associated
with poor outcome in multivariate
analysis. This combined clinical
and MRI approach gives a much
better prediction than MRI ap-
proach only (P <0.009), with an
area under the ROC curve of 0.94
(95% CI, 0.89-1.00). Interpretation
These data suggest that MRI asso-
ciated with clinical assessment
improves outcome prediction in
severe TBI patients.

Key words coma - MRI- TBI-
brainstem - outcome

will permanently stay severely impaired remains a key
issue for neuro-intensive care.
Development of conventional MRI has led to a better

exploration of TBI and provides a more precise explo-
ration of brainstem, central gray and hemispherical
structures [8, 22]. Some data suggested a poor progno-
sis in TBI patients with brainstem lesions on MRI [8,13].
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Furthermore, it has been shown that the addition of in-
formation on brainstem reflexes improves the prognos-
tic precision [4]. Assessment of brainstem reflexes could
however represent a risk in case of combined spinal
trauma or sprain in severe TBI patients. In neurointen-
sivist clinical experience, some clinical symptoms ap-
pearing at sedation cessation are thought to be associ-
ated with poor outcome. To our knowledge, these have
never been prospectively evaluated. Some of these set-
tings are easily identifiable as paroxysmal sympathetic
storm [3] or chewing.

We postulated that adding clinical data to MRI find-
ings improves neurological outcome prognosis. So we
conducted a prospective study in severe comatose head-
injured patients in order to evaluate the ability of clini-
cal data combined to MRI to improve recovery predic-
tion.

Material and methods

The study was approved by our local ethical committee (Comité de
Protection des Personnes, Pitié-Salpétriere, Paris, France). In accord-
ance with the Helsinki Declaration, patient’s next of kin gave their in-
formed consent and were made aware of the MRI results.

Patients

Severe head injured patients admitted to our Neurosurgical Intensive
Care Unit from June 2001 to March 2005 were prospectively assessed
for possible enrollment. Inclusion criteria were TBI patients still me-
chanically ventilated and without clinical signs of awareness after 2
weeks despite a sedation cessation for more than 48 hours. The ex-
clusion criteria were an age lower than 16 years, a contraindication to
MRI (including hemodynamic instability or acute respiratory dis-
tress syndrome) and previous neurological impairment.

All patients were treated according to a systematic algorithm pre-
viously described [17]. No clinical decision of care withdrawal or
withholding was taken according to the MRI results.

At admission, the following data were assessed: age, sex, presence
of mydriasis at the scene, Glasgow Coma Scale, presence of subdural
or epidural hematomas and mechanism of the accident. Therapeutic
intensity was determined by the use of osmotherapy (hypertonic
saline), norepinephrine, thiopental, neuromuscular blockers, thera-
peutic hypothermia, the duration of mechanical ventilation, and
length of stay. ICU medical complications (seizures, acute respiratory
distress syndrome) were assessed. Occurrence of grasping, yawning,
chewing and paroxysmal sympathetic storm was noted after cessa-
tion of sedation. Paroxysmal sympathetic storm was defined as [3]:
(1) temperature of at least 38.5 °C, (2) pulse of at least 130 beats/min,
(3) tachypnea, (4) agitation, and (5) dystonia (rigidity or decerebrate
posturing) with at least 1 cycle per day for a minimum of 3 days.

Outcome assessments

Neurological impairment was assessed at one year by a single neuro-
surgeon physician (AC) using the Glasgow Outcome Scale (GOS): 1,
dead; 2, vegetative state; 3, severe neurological impairment; 4, moder-
ate impairment; 5, no impairment. The Vegetative State diagnosis was
made according to Multi-Society Task Force on Persistent Vegetative
State (PVS) [1]. For statistical purposes, outcome was dichotomized
in poor (GOS 1 to 3) and good outcomes (GOS 4 and 5).

MRI

Cerebral MRI was performed if clinical status allowed it without dan-
ger for the patient. All patients were mechanically ventilated at the
time of MRI. MRI acquisitions were performed on a 1.5 T clinical MRI
scanner (GE Medical Systems, WI). A sagittal T1 weighted acquisition,
an axial T2* acquisition, and an axial FLAIR acquisition were pro-
grammed. Slice thickness was 5 mm. Electrocardiogram, oxygen sat-
uration, end-tidal fraction of CO, and non-invasive arterial pressure
were monitored during the procedure. MRI were performed under se-
dation and after neuromuscular blockers administration.

Two neurologists (NW, LN) and one neuroradiologist (DG), blind
to the clinical status, analyzed the MRI images according to the fol-
lowing methodology and give a unique consensual interpretation. In
the vertical axis, brainstem was divided in 6 levels: upper medulla,
lower pons, middle pons, upper pons,lower midbrain and upper mid-
brain. Each level was analyzed separately for the right and the left
side. A similar analysis was performed for the thalamus, hypothala-
mus and basal forebrain. Hemispheres were divided into frontal, pari-
etal, temporal and occipital lobes on each side. Lesions of the left in-
sula, genu and splenium of corpus callosum were also noted.

Lesions were defined as presence of areas of increased signal on
FLAIR and/or decreased signal on T2*. Regarding brainstem, thalami,
hypothalami, basal forebrain, left insula, splenium and genu of corpus
callosum, lesions were classified for absence (0) or presence (1). Re-
garding hemispherical lobes, lesions were classified for absence (0),
moderate lesion (1, one or two punctiform areas of increased signal)
and severe lesion (2, more than two punctiform areas of increased sig-
nal).

Influence of bilateral lesions for each anatomical structure previ-
ously described, the influence of bilateral and symmetrical lesions on
the outcome was studied.

Statistical analysis

Continuous variables are expressed as the mean + SD and categorical
variables as percentage of the group from which they were derived.
Continuous variables were compared by using Student t-tests. Chi-
square test (Fisher’s exact test when appropriate) was used to com-
pare categorical variables.

Univariate analysis was used to compare the variables between
the GOS 1-3 and the GOS 4-5 groups. A principal component analy-
sis was performed using varimax rotation in order to determine
groups of lesions in brainstem and hemispherical regions separately
(clusters). For each cluster, the sum of the lesions was computed. A
multivariate analysis was performed using forward stepwise logistic
regression with GOS 1-3 versus GOS 4-5 as the outcome variable of
interest. Variables with P < 0.1 on univariate analysis were included in
the multivariate model. A second multivariate model included all
clinical variables with P < 0.1 on univariate analysis in addition to the
MRI variables. Results of regression analysis are reported as adjusted
odds-ratio (OD) and 95 % confidence intervals (CI). The receiver op-
erating characteristic (ROC) curves were used to determine the best
threshold for cluster or index approaches, either alone or combined
to clinical data models. Calibration and discrimination of the logistic
models were assessed using Hosmer-Lemeshow statistics and the area
under the ROC curves, respectively. All statistical tests were two-
tailed. P values that were less than 0.05 were considered to indicate
statistical significance. Statistical analyses were performed with the
use of the SAS statistical package, version 8.2 (SAS Institute Inc., Cary,
NCQ).



Results
Patients

During the 45 months inclusion period, 395 patients
were hospitalized in the ICU for TBI. Among these, 85
patients had enrollment criteria and 78 finally under-
went MRI. Four MRI were not analyzed because of arti-
facts due to movements. In another case, clinical assess-
ment was not available at one year. The final analysis was
thus based on a sample of 73 patients.

All patients were admitted in comatose condition
and were mechanically ventilated within the first 24
hours after trauma. Mechanism of injury was a motor
vehicle accident in 55 (75 %), a fall in 12 (16 %), and an
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sions (P <0.05) but not yawning. On multivariate analy-
sis, three clinical factors were independently associated
with poor outcome: age (OR=1.8 per decade increase
(95% CI, 1.1-3.0), P<0.03), chewing (OR=27.9 (95%
CI, 3.2-258.46), P<0.004), and grasping (OR=13.9
(95% CI, 1.4-139.9), P < 0.03). Calibration and discrimi-
nation of the model were appropriate as shown by the
Hosmer-Lemeshow statistic (7.82; P> 0.25) and the area
under the ROC curve 0.81 (95% CI, 0.72-0.90) (Fig.1).
The area under the ROC curve of the motor score of the
GCS was 0.68 (95% CI, 0.54-0.82].

Table2 Neurological symptoms at sedation cessation according to GOS at 1 year

assault in 6 (8 %) cases. At one year, 22 % of patients were ﬁ"zp;;'ems gO:S ‘:1_ 3 gozsgz— > F
dead (GOS=1), 34 % were in permanent vegetative state
or had major sequels (GOS 2-3), and 44 % had minimal Grasping 13(18%) 12(29%) 1%  <0.003
or none neurological impairment (GOS 4-5). Baseline Yawning 14(19%) 12(29%) 2(6%) <001
characteristics of the patients are shown in Tablel. Chewing 23(32%)  21(1%)  2(6%)  <0.0001
These were comparable for the two GOS 1-3 and GOS ~ Paroxysmal sympathetic  20(27%) ~ 15(37%)  5(16%) <0.02
4-5 groups except for age, GCS at admission and sub- ;torm . .
Bl to sedation cessation 15+ 1 161 14+2 NS
dural hematoma. delay(days)
Distributions of neurological symptoms at cessation
of sedation are shown in Table 2. All patients with grasp- G605 Glasgow outcome scale
ing had cortical frontal lesions and the two were corre-
lated (P < 0.05). Chewing was correlated to brainstem le-
Table1 Baseline characteristics of the patients All patients 605 1-3 60S4-5 p
n=73 n=41 n=32
Age (years) 36 £ 14 40 £ 15 31£13 <0.02
Sex (M/F) 58/15 37/4 21/1 NS
Mydriasis at scene 31 (42 %) 22 (54 %) 9(28 %) NS
GCS at admission 6+3 5423 7+3 <0.01
Eyes 1£1 1£1 1£1 NS
Verbal 1x1 1+1 21 NS
Motor 3+2 2+2 442 <0.01
Subdural hematoma 20 (27 %) 17 (41 %) 3(9 %) < 0.003
Epidural hematoma 12(16 %) 8(20 %) 4(13 %) NS
Hypertonic saline use 36 (49 %) 21(51 %) 15 (47 %) NS
Norepinephrine use 65 (89 %) 37(90 %) 28 (88 %) NS
Thiopental use 24 (33 %) 13 (32 %) 11 (34 %) NS
Neuromuscular blockers use 30 (41 %) 17 (41 %) 13 (41 %) NS
Therapeutic hypothermia 14.(19 %) 11(27 %) 7(22 %) NS
Seizures in ICU 7(10 %) 4.(10 %) 3(9 %) NS
ARDS 20 (27 %) 12 (29 %) 8(25 %) NS
TBI to MRI delay (days) 26 21 25+6 23+7 NS
Mechanical ventilation (days) 29+ 16 31+17 25+13 NS
Length of stay (days) 46 +27 51+30 40 £ 21 NS

M male; F female; NS not significant; GCS Glasgow coma scale; GOS Glasgow outcome scale; ICU intensive care
unit; ARDS acute respiratory distress syndrome; TB/ traumatic brain injury. Intubated patients were scored at 1 for
GCS verbal response. Subdural hematoma, epidural hematoma, hypertonic saline use, norepinephrine use,
thiopental use, neuromuscular blockers use, therapeutic hypothermia, seizures in ICU and ARDS are given as the
number of patients presenting these features
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Fig.1 Receiving operating characteristic curves of clinical approach (half-dotted

line), MRI approach (dotted line) and combined clinical to MRl approach (solid line)
and poor outcome at 1 year (Glasgow outcome scale score of 1-3). AUC area under

the curve

MRI

Only 3 patients (4 %) had no lesion on MRI. Forty-one
patients (56%) had brainstem lesions. Twenty-seven
(37 %) patients had lesions in thalami or hypothalami or
basal forebrain. Only 5 (7 %) patients had no cortical le-
sions. Forty-one patients (56 %) had more than 2 corti-
cal lesions.

Lesions distribution according to GOS is shown on
Table 3. In univariate analysis, four clusters were ob-
served in the brainstem: “upper medulla”, “lower and
middle pons”, “right upper pons and right lower mid-
brain”, “left upper pons, lower midbrain and upper mid-
brain”; three in the diencephalon and the basal fore-
brain: “hypothalamus and basal forebrain”, “right
thalamus”, “left thalamus” and five in the hemispheres:
“right and left frontal lobes”, “right parietal and right
temporal lobes”, “left parietal, left temporal, left occipi-
tal lobes and left insula”, “splenium of corpus callosum
and right occipital lobe” and “genu of corpus callosum”.
In the multivariate model including MRI data only, 3 in-
dependent clusters were associated to GOS 1-3 (Table 4):
“right upper pons and right lower midbrain”, “hypo-
thalamus and basal forebrain” and “left parietal, left
temporal, left occipital lobes and left insula”. These fac-
tors remained independently associated with poor out-
come when clinical data were taken in account. Calibra-
tion and discrimination of the model including MRI
data only and of the model including clinical and MRI
data were appropriate as shown by the Hosmer-

Table3 MRIfindings, lesions distribution according to GOS at 1 year

GOS1-3 GOS 4-5
n=41 n=32
Right Left Right Left
Upper Medulla 2(5%) 2(5 %) 0 0
Lower pons 3(7 %) 1(2 %) 0 0
Middle pons 7(17 %) 2(5 %) 1(3 %) 0
Upper pons 13(32%)* 7017 %) 2(6 %) 4(12 %)
Lower midbrain 13(32%)* 10 (24 %)* 2(6 %) 1(3 %)
Upper midbrain 6 (14 %) 6 (14 %)* 3(9 %) 0
Thalamus 4(10 %) 6(14 %) 1(3 %) 2(6 %)
Hypothalamus 8(20%)*  8(20 %) 0 1(3 %)
Basal forebrain 13 (32 %) 15 (37 %)* 4(12 %) 2(6 %)
Left insula 7(017%) NA 1(3 %) NA
Corpus Callosum
Splenium 10(24%) NA 4(12%) NA
Genu 3(7 %) NA 0 NA
Frontal 31(75%)* 24 (59 %)* 15(47 %)  11(34 %)
moderate lesion 19 (46 %) 9 (22 %) 9(28%)  7(22%)
severe lesion 12 (29 %) 15 (37 %) 6(19 %) 4(12 %)
Parietal 6 (14 %) 9 (22 %) 4(12 %) 1(3 %)
moderate lesion 3 (7 %) 4(10 %) 3(9%) 1(3 %)
severe lesion 3(7 %) 5(12 %) 1(3 %) 0
Temporal 19(46 %) 19 (46 %)* 9(28%)  6(18%)
moderate lesion 10 (24 %) 9(22 %) 6(19 %) 4(12 %)
severe lesion 9(22%)  10(24 %) 3(9 %) 2(6 %)
Occipital 6 (15 %) 4(10 %) 2(6 %) 3(9 %)
moderate lesion  4(10 %) 4.(10 %) 2(6 %) 2(6 %)
severe lesion 2(5%) 0 0 1(3 %)

NS not significant; NA not applicable; GOS Glasgow outcome scale; * P < 0.05 be-
tween GOS 1-3 and GOS 4-5 for homolateral regions

Table4 Independent risk factor for poor outcome — logistic regression analysis

Odds Ratio (95 % Cl) P

MRI approach

Right upper pons and 5.1(1.8-14.5) <0.003
right lower midbrain
Hypothalamus and basal 2.3(1.2-43) <0.02
forebrain
Left parietal, left temporal, 3.3(1.4-7.9) < 0.009
left occipital lobes and left insula

Combined clinical to MRl approach
Right upper pons and 4.7 (1.2-18.1) <0.03
right lower midbrain
Hypothalamus and basal 2.6 (1.2-5.7) <0.03
forebrain
Left parietal, left temporal, 4.0(1.3-11.8) < 0.02
left occipital lobes and left insula
Grasping 21.2(1.7-271.2) < 0.02
Chewing 26.9 (3.7-197.5) < 0.002

OR are given per one lesion increase for the different clusters



Lemeshow statistic, respectively 8.26 (P>0.21) and 6.44
(P>0.37) and the area under the ROC curve 0.85 (95 %
CI,0.76-0.94) and 0.94 (95% CI, 0.89-1.00) (Fig. 1). The
area under the ROC curve was significantly higher in the
model including clinical and MRI data (P <0.009).

Influence of bilateral lesions as shown in Table5,
every patient with a bilateral lesion of the brainstem at
any of the levels studied from lower pons up to upper
midbrain had a poor outcome. Conversely, none of the
patients with a good outcome had a bilateral lesion of
the brainstem. At the supratentorial level, this was also
true for thalamus and hypothalamus, but not for the dif-
ferent hemispheric lobes (data not shown).

Discussion

Our approach combines clinical assessment and MRI to
predict outcome after severe TBI. The MRI assessment
was based on statistically linked regions (clusters) de-

Table5 Influence of bilateral lesions of the brainstem, the diencephalon and the
basal forebrain according to GOS at 1 year

Location of lesions Extent of lesion n GOS 1-3 GOS 4-5
n=41 n=32
Medulla No lesion 71 39 32
Unilateral 2 2 0
Bilateral 0 0 0
Lower pons No lesion 70 38 32
Unilateral 2 2 0
Bilateral 1 1 0
Middle pons No lesion 65 34 31
Unilateral 6 5 1
Bilateral 2 2 0
Upper pons No lesion 51 25 26
Unilateral 18 12 6
Bilateral 4 4 0
Lower midbrain No lesion 54 25 29
Unilateral 12 9 3
Bilateral 7 7
Upper midbrain No lesion 61 32 29
Unilateral 9 6 3
Bilateral 3 3
Thalamus No lesion 61 32 29
Unilateral 1 8 3
Bilateral 1 1
Hypothalamus No lesion 62 31 31
Unilateral 5 4 1
Bilateral 6 6 0
Basal forebrain No lesion 52 24 28
Unilateral 8 6 2
Bilateral 13 1 2

GOS Glasgow outcome scale
The total number of lesions is greater than the number of patients since one given
patient could have more than one level affected
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fined by principal component analysis. The clusters
“right upper pons and right lower midbrain”, “hypo-
thalamus and basal forebrain” and “left parietal, left
temporal, left occipital lobes and left insula” were the
three that were independent predictors of poor outcome
on the multivariate analysis. When considering the clin-
ical symptoms at cessation of sedation, “grasping” and
“chewing”had the two highest OR in the combined clin-
ical and MRI approach. This model had an area under
the ROC curve higher than clinical approach only and
MRI approach only and thus improves outcome predic-
tion. Finally, all patients with bilateral and symmetrical
lesions of brainstem and/or diencephalon had a poor
outcome.

Fifty-six percent of the patients had brainstem le-
sions. This percentage is similar to the one described by
Firsching etal. [8] who found brainstem lesions on MRI
in 64 % of their patients. Our findings are also consistent
with Jellinger and Seitelberger results who noted 49 % of
brainstem injury at autopsy [10]. Firsching etal. [8] re-
ported a higher mortality rate in patients having brain-
stem lesions and Kampfl etal. [12] described that 36 of
42 patients in PVS had brainstem lesions. These authors
[13] hypothesized that the dorsolateral upper brainstem
was of great importance for outcome prognosis, show-
inglesions in this area in 74 % of PVS patients compared
to 26% in aware patients. Furthermore, Parvizi and
Damasio [22] showed that, in patients with brainstem
strokes who were in a coma, lesions were located either
in the pons alone or in the upper pons and the midbrain.
This corroborated our multivariate analysis, which
found “right upper pons and right lower midbrain” le-
sions to be independently associated with poor out-
come. The reasons why only right brainstem lesions are
prognostic factors in our multivariate analysis are un-
clear. More left hemispherical lesions could be associ-
ated to more right brainstem lesions due to herniation
or contre-coup lesions. Lesions in the left hemisphere
probably shift patients to poor outcome by impairing
their responsiveness.

“Hypothalamus and basal forebrain” cluster had in-
termediate OR for poor outcome in the MRI and in the
combined clinical and MRI approach. Murdoch etal.
[20] reported histological evidences of neuronal dam-
age in the nucleus basalis of Meynert, the major nucleus
of basal forebrain, in the majority of TBI patients who
died after head injury. Indeed, cortical activity is modu-
lated by widespread projections from basal forebrain to
cerebral cortex [23].

We observed that the cluster “left parietal, left tem-
poral, left occipital lobes and left insula” was indepen-
dently associated with poor outcome. This was neither
found by Kampfl etal. [13], nor by Levin etal. [18]. Nev-
ertheless, PET studies, comparing vegetative patients
with resting healthy controls, showed metabolic dys-
function in a wide fronto-parieto-cingulate network
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[15]. Laureys et al. also found a significant difference in
effective connectivity in the left hemisphere in this net-
work with evidence that left-side anterior regions dif-
ferently modulate the posterior cingulate cortex in veg-
etative patients compared to controls. So lesions in this
network could explain the influence of this cluster on
prognosis. We chose to focus on left insula since it has
been shown that lesions in this region could be associ-
ated to adverse cardiac outcome in stroke patients [14].

“Right upper pons and right lower midbrain”had the
highest OR in multivariate analysis. This finding sup-
ports Ommaya and Genarelli’s model. These authors ob-
served in primates that the depth of the deepest
parenchyma lesion was correlated to awareness impair-
ment [21]. Depth of lesion seems also predictive of out-
come in human TBI [18].

Chewing was an important predictive factor of poor
outcome in the combined clinical and MRI multivariate
analysis. Several studies in primates and rats [11] have
localized the central pattern generator for chewing in
the brainstem. This brainstem involvement is confirmed
by clinical studies in sleep bruxism [16] or Meigge’s syn-
drome [19].

Unilateral grasping has been associated with contro-
lateral frontal lobe lesions and results from a failure of
the frontal cortex to inhibit the parietal lobe function
[7]. Recently, it has been proposed that lesions in the
supplementary motor cortex and cingulate gyrus could
be implicated [6]. The importance of grasping in our
analysis could be related to lesions in the fronto-parieto-
cingulate network, either in frontal or in cingulate cor-
tices. The limits of morphological MRI to show some le-
sions or fibers disruption might explain why chewing
and grasping seem more sensitive in identifying brain-
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stem and hemispherical lesions than MRI in our study.
This was confirmed by the ROC curves showing a
greater area under the curve when clinical data were
taken in account.
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studied,had a poor outcome. Conversely, none of the pa-
tients with a good outcome had a bilateral lesion of these
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used to measure brain injury, the lack of precision of
morphological MRI to visualize brain lesions and the
absence of electrophysiological assessment since previ-
ous articles demonstrated a predictive role of EEG or
Evoked Potentials in TBI [24]. It remains to be shown
what MRI combined with the clinical markers adds to
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negativity on auditory oddball. It has recently been
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could be used in neurological diseases different than
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