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ABSTRACT

Intubation, which requires sedation and myorelaxants, may lead to inaccurate neurological evalu-
ation of severely head-injured patients. Aims of this study were to describe the early clinical evolu-
tion of traumatic brain injured (TBI) patients admitted to intensive care unit (ICU), to identify cases
of over-estimated neurological severity, and to quantify the risk factors for this over-estimation. A
total of 753 TBI patients consecutively admitted to ICU of three academic neurosurgical hospitals
(NSH) were assessed. Cases whose severity was potentially over-estimated were identified by four
criteria and indicated as ‘“mistakenly severe” (MS): (1) no surgical intracranial masses; (2) could
not follow commands at neurological assessment; (3) were dismissed from the ICU in =3 days to a
regular ward; and (4) had regained the ability to obey commands. A total of 675 patients were in-
tubated and/or sedated-paralyzed at the post-stabilization evaluation. In all, 304 patients had sur-
gically treated intracranial masses. Among the 449 non-surgical cases, 58 patients fulfilling the cri-
teria for MS were identified. The main features distinguishing MS from truly severe cases were
younger age, higher Glasgow Coma Scale (GCS) score at all time points, Marshall classification of
Computerized Tomographic (CT) scan mostly Diffuse Injury I and II, fewer pupillary abnormali-
ties, and a lower frequency of hypoxia, hypotension, and extra-cranial injuries. In a certain pro-
portion of non-surgical TBI patients, mostly intubated and sedated, neurological examination is dif-
ficult and severity can be over-estimated. Risk factors for this inaccurate evaluation can be identified,
and clinical decisions should be based on further examination.
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INTRODUCTION al., 1997; Manley et al., 2001), and as a consequence, in-

tubation is more frequent. Guidelines recommend intu-

MANAGEMENT of head-injured patients at the accident  bation at the accident scene under sedation and paralysis
scene has changed strikingly in the last 20 years. to avoid deleterious rises of intracranial pressure.

The importance of adequate oxygenation and airway pro- This has meant that a significant number of traumatic

tection is now recognized (Chesnut et al., 1993; Maas et  brain injuries (TBI) arrive at the hospital already sedated
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and intubated, sometimes paralyzed, so that neurological
evaluation becomes problematic. The patient’s verbal re-
sponse is altered or abolished by the endotracheal tube,
and sometimes facial, palpebral, or ocular injuries can in-
terfere with eye opening and evaluation of pupils. The
loss or a limitation of motor response is difficult to in-
terpret, because any impairment of motor activity may be
due either to deterioration or to the effects of sedation.

These limitations notwithstanding, a precise assess-
ment is indispensable, both for decision making (medical
and surgical treatment, intracranial pressure [ICP] mon-
itoring, ICU admission) and for prognosis. Additional
reasons for reliable evaluation are clinical trials, which
impose strict inclusion criteria.

The aims of this study were as follows:

1. To describe the early clinical course of TBI patients
admitted to intensive care

2. To identify cases in whom the neurological severity
was most probably over-estimated

3. to quantify the risk factors contributing to this over-
estimation

MATERIALS AND METHODS

Patients admitted consecutively to three neurosurgical
hospitals (NSH) from January 1, 1997 to December 31,
2000 were prospectively studied. The inclusion criteria
were as follows:

¢ Admission because of head trauma, with or without
extra-cranial injuries

* Brain injury severity requiring “per se” intensive
care, regardless of associated extra-cranial injuries

e Time from trauma to arrival at the NSH <12 h

e At least two neurological evaluations at different
time-points in the early phases after injury

* Age of =2 years

Clinical and demographic data regarding the pre-hos-
pital phase and various aspects of in-hospital treatment,
together with an assessment of outcome six months after
the trauma, were entered in a computerized data base
(Citerio et al., 2000). The collection and analysis of
anonymized clinical data, specifically for this data base,
were approved by the local Ethical committee.

The three NSH act as referral centers for an area of
approximately 3 million inhabitants, with the highest den-
sity of traffic in Italy. Clinical and instrumental parame-
ters were recorded at three time points: before reaching
the NSH, at admission to the NSH and after stabilization
in the NSH. In some cases reliable documentation con-
cerning the pre-NSH phase was not available, but at least

two repeated GCS ratings were documented for all cases
(Teasdale and Jennett, 1974).

The first evaluation in the field was provided by an
emergency doctor, usually a graduate in anesthesia. To-
gether with a neurological examination, secondary in-
juries such as hypoxia and hypotension were noted. Hy-
poxia was coded as “suspected,” when based on clinical
findings such as cyanosis, or “definite,” when arterial sat-
uration was measured by a pulse oxymeter. Hypotension
was defined as an arterial systolic pressure of <95 mm
Hg. The admission and post-stabilization evaluations
were usually done by a team including a neurosurgeon
and an intensivist.

On arrival patients were evaluated, stabilized and a CT
scan was done for prompt identification (and urgent evac-
uation) of surgical masses. CT scan was scored accord-
ing to the Traumatic Coma Data Bank classification
(Marshall et al., 1991). All patients were managed ac-
cording to published guidelines (Maas et al. 1997).

Patients were divided into four groups (Fig. 1):

* Surgical cases: Patients with an intracranial lesion
that was subsequently evacuated

* Mild/moderate TBI: Nonsurgical patients able to
obey commands (motor component of the GCS = 6)
at every neurological assessment

* Really severe (RS) patients: All the remaining non-
surgical cases that could not follow commands at
least at one point of neurological assessment and not
fulfilling the mistakenly severe criteria

* Mistakenly severe (MS) patients: Cases in whom
severity was probably overestimated

Therefore MS patients were identified according to the
following criteria:

* No surgical intracranial masses

* Could not follow commands at least at one point of
neurological assessment

* Transferred from the ICU in =3 days to a regular
ward

* Obeyed commands at discharge from the ICU

Outcome was assessed at 6 months after injury using a
structured interview according to the Glasgow Outcome
Scale (Wilson et al., 1998).

Statistical Analysis
We followed several steps to identify the parameters
associated with the MS cases:

1. A bivariate analysis was conducted to select parame-
ters significantly more frequent in the MS group. As-
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FIG. 1.

sociations of categorical independent variables with
MS were assessed with chi-squared tests. Variables
were eligible for entry into a multiple logistic regres-
sion model if they were significantly associated with
MS at a p value of <0.05.

2. A multivariate analysis was done by logistic regres-
sion: using the method of maximum likelihood we cal-
culated estimated coefficients and their standard er-
rors. Variables were introduced into the model one at
a time based on likelihood ratio tests until a signifi-
cant p value was retained.

3. When all the significant variables had been entered in
the multivariate model, the calibration was measured
using the Hosmer-Lemeshow goodness-of-fit test
(Lemeshow et al., 1993), which assesses the degree
of correspondence between the model’s estimated
probabilities of being scored as MS and the observed
MS cases.

4. The discrimination was assessed using the area under
the receiver operating characteristic (ROC) curve to
see how well the model distinguished MS patients
from the others.

All calculations were done using SAS System software,
version 8 (SAS Institute Inc., Cary, NC).

RESULTS

General Findings

Out of 804 cases admitted during the study period, 753
fulfilled the inclusion criteria. They were 564 males and
189 females, with a median age of 35.5 years (range,

Division of cases extracted from the data base.

2-93 years). Extra-cranial lesions were present in 426 pa-
tients.

Complete CT scan documentation was available for
751 patients: 369 had an intracranial mass, and in 310
the mass was larger than 25 mL.

Hypoxia was clinically suspected at the accident scene
in 91 cases (12%) and measured by pulse oxymeter,
recording a value lower than 90%, in 112 patients (15%).

On arrival at the NSH, arterial desaturation was de-
tected by pulse oxymetry in 28 cases (4%); stabilization
was successful in the majority of cases, so that only five
patients (1%) were still desaturated at the last neurolog-
ical evaluation considered in this study.

A total of 490 patients (65%) arrived already intubated.

In all, 422 patients were admitted directly to the NSH,
and 331 were accepted in a referring hospital and subse-
quently transferred. The median interval between trauma
and arrival at the NSH was 91 min; it was 48 min for di-
rect admissions and 210 min for patients referred from
another hospital. Data of the three components of the
GCS are summarized in Table 1.

On arrival, 427 patients were sedated; 247 had been
given myorelaxants with sedative drugs. Eight cases had
only myorelaxants as documented medication prior to ar-
rival. In another 99 cases, endotracheal intubation had
been done before arrival at the NSH, but there was no
record of anesthesia or sedation. A total of 534 patients
were intubated and/or sedated-paralyzed at this point.

A complete description of the three components of the
GCS was available for all 753 patients on admission
(Table 1).

In order to stabilize or improve oxygenation, 141 cases
were intubated after the first in-hospital evaluation. Us-
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ing the definitions given above, we identified 304 surgi-
cal cases, 55 mild/moderate TBI, 58 patients fulfilling the
criteria for “mistakenly severe,” and 336 “really severe”
patients. This subdivision is illustrated in Figure 1.

Among the 304 surgical cases, 192 (63%) were already
intubated or under the effect of sedative drugs on arrival
at the NSH; 84 additional patients were intubated on ad-
mission.

The CT scan identified 119 subdural hematomas, 91
extradural, and 94 with contusions. Basal cisterns were
compressed or absent in 206 cases (68%).

Features of “Really Severe” Cases

A total of 336 patients were classified as RS. Their
median age was 33 years (range, 3—88 years). CT scan
showed 292 cases (87%) with Diffuse Injury greater than
I or non-evacuated mass lesions. A great number of cases
showed a motor response of withdrawal or less at every
time point: there were 173 at pre-admission (out of 298
tested, 58%), 163 on admission (out of 336, 49 %), and
163 post-stabilization (out of 336, 49%).

Most cases were intubated (269/336, 80%) and 224
were sedated and/or paralyzed (224/336, 67%), so that
a total of 286 (85%) cases had intubation and/or seda-
tion.

Eye opening, spontaneously or in response to stimuli,
was rare at all the time points and pupillary abnormali-
ties were frequent. Details are given in Tables 2 and 3.

Features of “Mistakenly Severe” Cases

Fifty-eight cases were identified as MS. Their median
age was 26 years (range, 2-81 years). CT scan showed
almost exclusively Diffuse Injury I (19/58, 33%) or II
(34/58, 59%).

According to definition, at some examination point, all
cases did not obey commands: there were 36 at pre-ad-
mission (out of 47 tested, 77%), on admission 47 (out of

58, 81%), and post-stabilisation 39 (67%). The majority of
cases localized the painful stimulus at every time point. Mo-
tor response was absent only in two patients at the accident
scene, two on admission, and one post-stabilization.

The verbal response was absent in a large proportion
of cases: at the accident scene no verbal response was
elicited in 27 cases (out of 47 tested, 57%), on admission
in 49 cases (out of 58, 84%) and post-stabilization in 47
(81%).

Most cases were intubated (49/58, 84%) and 40 were
sedated and/or paralysed (40/58, 69%), so that a total of
51 (88%) cases had intubation and/or sedation.

Eye opening, spontaneously or in response to stimuli,
was recorded at the accident scene in 24 cases (out of 46
tested, 52%), on admission in 24 cases (out of 58, 41%)
and post-stabilization in 35 (60%). The GCS total score
was =8in 23 cases at the accident scene (out of 48, 48%),
37 (64%) on admission and 30 (52%) post-stabilization.
Pupillary abnormalities were rare.

One case still had severe hypotension when stabiliza-
tion was attempted. At the accident scene, six cases had
either suspected or documented hypoxia; hypotension
was measured in 10 patients. Two patients had both hy-
poxia and hypotension. Extra-cranial lesions were pre-
sent in 32 patients (55%).

Distinctive Features of “Mistakenly Severe”
Compared to “Really Severe” Cases: Bivariate
and Logistic Regression Analysis

The two groups were compared in two steps. First, the
differences were analysed at the three time points for re-
peatedly assessed parameters, such as GCS, or once for
data such as extra-cranial injuries. The results are shown
in Tables 2 and 3. Second, the GCS and pupillary data
for the post-stabilization phase and the other parameters
which were significantly different between the MS and
RS were entered in the logistic regression model. This
analysis (Table 4) identified four parameters as indepen-

TABLE 1. NEUROLOGICAL EVALUATION AT THREE TIME POINTS:
AT THE ACCIDENT SCENE, ON ADMISSION, AND POST-STABILIZATION

GCSm GCSv GCSe
6 54 3-1 5 4-2 1 4 3-2 1

Accident scene 157/641 288/641 196/641 78/640 166/640 396/640 139/638 137/638 362/638

(24%) (45%) (31%) (12%) (26%) (62%) (22%) (21%) (57%)
Admission 136/753 369/753 248/753 45/753 88/753 620/753 90/753 158/753 505/753

(18%) (49%) (33%) (6%) (12%) (82%) (12%) (21%) (67%)
Post-stabilization ~ 161/753 361/753 2317753 53/753 64/753 636/753 106/753 171/753 476/753

(21%) (48%) (31%) (7%) (9%) (84%) (14%) (23%) (63%)

GCSm, GCSv, GCSe: motor, verbal and eye components of the Glasgow Coma Scale.
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TABLE 2. DIFFERENCES BETWEEN “MISTAKENLY SEVERE” AND “REALLY SEVERE”
PATIENTS BASED ON THE CT ScAN AND THE NEUROLOGICAL EVALUATION

Feature Mistakenly severe Really severe p value (x°)
CT scan
Diffuse injury I-II 53/58 (92%) 184/335 (55%) <0.00012
Diffuse injury -1V 3/58 (5%) 92/335 (27%)
Nonevacuated mass lesions 2/58 (3%) 59/335 (18%)
Pre-NSH
GCS m
<5 9/47 (19%) 173/298 (58%) <0.0001
=5 38/47 (81%) 125/298 (42%)
GCS v
1-2 32/47 (68%) 264/297 (89%) =0.0001
=3 15/47 (32%) 33/297 (11%)
GCS e
1 22/46 (48%) 214/296 (72%) 0.0008
=2 24/46 (52%) 82/296 (28%)
Pupils
Normal 38/47 (81%) 194/304 (64%) 0.0217
Abnormal 9/47 (19%) 110/304 (36%)
Admission
GCS m
<5 10/58 (17%) 163/336 (49%) <0.0001
=5 48/58 (83%) 173/336 (51%)
GCS v
1-2 50/58 (86%) 326/336 (97%) 0.0003
=3 8/58 (14%) 10/336 (3%)
GCS e
1 34/58 (59%) 255/336 (76%) 0.006
=2 24/58 (41%) 81/336 (24%)
Pupils
Normal 47/56 (84%) 230/323 (71%) 0.0475
Abnormal 9/56 (16%) 93/323 (29%)
Post-stabilization
GCS m
<5 6/58 (10%) 163/336 (49%) <0.0001
=5 52/58 (90%) 173/336 (51%)
GCS v
1-2 47/58 (81%) 328/336 (97%) <0.0001
=3 11/58 (19%) 8/336 (3%)
GCS e
1 23/58 (40%) 249/336 (74%) <0.0001
=2 35/58 (60%) 87/336 (26%)
Pupils
Normal 49/55 (89%) 222/309 (72%) 0.0069
Abnormal 6/55 (11%) 87/309 (28%)

Pupils abnormal, unilaterally or bilaterally dilated and not reacting to light.
aThe chi-square test was calculated assessing the differences between the diffuse injury I-II group and all other CT scan
diagnoses.

dently associated with the probability of MS (age, CT  verbal component of the GCS (patients capable at least
scan classification, motor and verbal components of the  of pronouncing words) were the most predictive of MS.
GCS). The verbal component of the GCS had an odds ratio of

The CT scan diagnosis of Diffuse Injury I-II and the 6.4, meaning that a patient with a score of at least 3 would
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TABLE 3. DIFFERENCES BETWEEN “MISTAKENLY SEVERE” AND “REALLY SEVERE”
PATIENTS CONCERNING AGE, CLINICAL FEATURES, AND INTERVENTIONS

Feature Mistakenly severe

Really severe p value (x°)

Age (years)

<40 46/58 (79%)
=40 15/58 (21%)
Intubation
Yes 49/58 (84%)
No 9/58 (16%)
Drugs
Yes 40/58 (69%)
No 18/58 (31%)
Hypotension
Yes 10/58 (17%)
No 48/58 (83%)
Hypoxia
Yes 6/58 (10%)
No 52/58 (90%)
Extra-cranial lesions
Yes 32/58 (55%)
No 26/58 (45%)

200/336 (60%) 0.0034
136/336 (40%)

269/336 (80%) 0.41
67/336 (20%)

224/336 (67%) 0.649
112/336 (33%)

119/335 (36%) 0.0047
216/335 (64%)

126/335 (38%) 0.0001
209/335 (62%)

232/336 (69%) 0.0248
104/336 (31%)

be 6.4 times as likely to be MS than patient not having
that score, controlling simultaneously for the other vari-
ables in the model. It must be noted, however, that the
verbal response was fully testable only in nine MS pa-
tients, since 49 were intubated. In three intubated cases,
however, the assessor evaluated a verbal response, as-
signing one a score of 2, and two a score of 3. A hypo-
thetical patient with all four features—younger than 40
years, with a GCS motor of >4, etc.—would have a 75%
probability of being MS, while a non-surgical case with
none of these features will have an 8/1000 chance of be-
ing MS.

The model was well calibrated, as indicated by the
Hosmer-Lemeshow goodness-of-fit test (p = 0.75), in
which a high p value indicates that the model is per-

forming well, in other words, that there is not a wide dis-
crepancy between observed and expected cases.

The area under the ROC curve was 0.808, indicating
that the model discriminated well between RS and MS.

Discharge from the ICU and Outcome

The mean length of stay (LOS) in the ICU was 8.7 =
8.6 days (median, 6 days). Restricting the analysis to sur-
vivors, the mean LOS was 10.3 = 8.8 days (median, 8
days). Reflecting the selection criteria, the MS cases had
a very short stay: 21 (36%) were discharged after only 1
day of intensive care. Surgical cases had a LOS of 8.6 =
8.6 days (median, 6 days), while patients classified as RS
stayed in the ICU 10.7 = 8.9 days (median, 8.5 days).

TABLE 4. EsTIMATED LOGIsTIC REGRESSION COEFFICIENTS (),
ESTIMATED STANDARD ERRORS (SE), ESTIMATED ODDS RATIOS,

AND 95% CONFIDENCE INTERVALS FOR THE ODDS RATIOS

Estimated odds ratio

Variable B (SE) (95% confidence interval)
Constant —4.8955 (0.655) NA

Age < 40 years 0.9119 (0.382) 2.5 (1.2-5.3)

CT scan DI I-II 1.7312 (0.513) 5.6 (2.1-15.4)
GCSm = 5 1.4314 (0.469) 4.2 (1.7-10.5)
GCSv =3 1.8584 (0.540) 6.4 (2.2-18.5)

NA, not applicable; DI, diffuse injury.
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Forty-five patients were lost at 6 months follow-up, so
outcome was assessed in 708 cases. Mortality was 30%
(214), vegetative status persisted in 19 cases (3%), se-
vere disability in 80 (11%), and moderate disability per-
sisted in 107 patients (15%); a total of 288 patients (41%)
achieved a good recovery. The outcome was therefore fa-
vorable in 56% of cases.

Table 5 reports the outcome in the different groups.
As expected, outcome was significantly worse for surgi-
cal and RS patients than the others (p < 0.0001). One
hundred and thirty-seven surgical cases (48%) and 171
RS (53%) achieved a favorable outcome. A total of 42
mild/moderate (86%) and 45 MS cases (94%) had a fa-
vorable outcome. The only MS patient with a GOS 1 died
because of chronic active hepatitis in the months after in-
jury, following discharge from the NSH.

DISCUSSION

Respiratory failure is frequent in the early phases af-
ter head injury. When measured early, directly at the ac-
cident scene, hypoxia, defined as an arterial hemoglobin
oxygen saturation of <90%, has been reported in 54%
and airway obstruction in 44% of 50 cases rescued by
helicopter (Stocchetti et al., 1996). At the time of arrival
in hospital, hypoxemia, defined as arterial oxygen partial
pressure (PaO;) of <60 mm Hg in blood gas analysis,
was present in 18% of 699 patients in the Traumatic
Coma Data Bank series (Chesnut et al., 1993), and more
recently, arterial desaturation after admission was found
in 38% of 107 TBI (Manley et al., 2001). In our series,
hypoxia was suspected or confirmed by pulse oxymetry
before hospital admission in one quarter of the cases.

Since airway management is necessary to counteract
hypoxia, intubation plus artificial ventilation are part of
the first treatment of head-injured patients; this is ac-
cepted in both American and European guidelines (The

Brain Trauma Foundation, 2000; Maas et al., 1997). Field
intubation seems associated with significantly enhanced
survival in TBI, with a reduction in mortality from 50%
to 23% in patients with isolated severe head injury
(Winchell and Hoyt, 1997). In our series, respiratory as-
sistance, intubation, and ventilation were effective in cor-
recting hypoxia, as suggested by the larger number of pa-
tients (203/753, 27%) who experienced hypoxia, either
suspected or measured, at the accident scene, in com-
parison to 4% on arrival at the NSH and 1% post-stabi-
lization.

Better oxygenation and protection of the airways, how-
ever, are achieved at the price of interventions—such as
intubation, sedation, and sometimes paralysis—that may
mask neurological responses and mislead the evaluation.
Verbal responses are impeded by endotracheal intuba-
tion, and eye opening is one of the first activities lost by
sedation, when not already hampered by palpebral in-
juries.

When myorelaxants are injected at full doses, motor
activity is completely abolished; subsequently, as the
plasma concentration drops, incomplete paralysis follows
and the motor response can become very difficult to clas-
sify. For example a patient who, once cleared of anes-
thetics and myorelaxants, can obey orders or localize the
painful stimulus might be misinterpreted either as not
moving at all or as showing abnormal flexion.

Interventions interfering with the neurological evalua-
tion are quite frequent. A total of 534 patients arrived at
the NSH intubated and/or sedated and paralyzed; 141
cases were intubated afterwards, so that 90% of cases
(675/753) were evaluated post-stabilization in the pres-
ence of potential confounding factors.

However, early, repeated, and reliable neurological
assessments are essential. Precise assessment, and the
demonstration of improvement or deterioration, is nec-
essary for planning surgical operations, for ICP moni-
toring, and for further medical treatment. Accurate eval-

TABLE 5. SIx-MoONTH OUTCOME ACCORDING TO THE GLASGOW OUTCOME SCALE

GOS Surgical cases Really severe Mild/moderate Mistakenly severe
1 104/287 105/324 4/49 1/48
(36%) (32%) (8%) 2%)
2 12/287 71324 0/49 0/48
(4%) (2%) (0%) (0%)
3 34/287 41/324 3/49 2/48
(12%) (13%) (6%) (4%)
4 40/287 45/324 13/49 9/48
(14%) (14%) (27%) (19%)
5 97/287 126/324 29/49 36/48
(34%) (39%) (59%) (75%)
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uation is also indispensable in clinical trials, which re-
quire the fulfillment of strict inclusion criteria.

The importance and the difficulties of reliable neuro-
logical assessment after TBI are obvious, but they have
rarely been discussed in the literature. Marion published
the results of a survey in which neurosurgeons and emer-
gency physicians from 15 U.S. centers answered multi-
ple-choice questions. The most frequent answer that
attending neurosurgeons gave to the studied question—
“When do you test patients who received neuromuscular
paralyzing agents or sedation prior to arrival at your
trauma center?’—was that they used the pre-hospital
GCS score, obtained before medications were adminis-
tered (Marion and Carlier, 1994). Given the high rate of
intubation and problems related to proper assessment of
eye opening, the authors concluded that “there was sub-
stantial evidence that the GCS motor score was more im-
portant than either of the other two components in pre-
dicting the severity of neurologic injury and outcome for
patients with severe head injuries.”

In a more recent paper, the possible effect of inaccu-
rate GCS scoring due to sedation on other indexes was
studied in a large set of patients admitted to 22 Scottish
units. Clinicians felt unable to assess the GCS in ap-
proximately half the patients; the proportion of patients
sedated was 50% on average. The authors dealt with the
evidence that the use of sedative drugs precluded accu-
rate GCS assessment during the first 24 h in most cases
(Livingston et al., 2000). Dealing with posttraumatic sub-
dural hematomas, Servadei et al. (1998), underlined the
importance of accurate and repeated GCS ratings, and ad-
vocated the avoidance of long-lasting sedatives and par-
alyzing medications.

Since traumatic brain lesions can evolve, with further
neurological impairment, any change occurring between
the accident scene and the hospital has to be detected ac-
curately. To make the situation even more complex, neu-
rological responses after TBI can vary over time for
several reasons. Trauma is frequently associated with in-
toxication by alcohol or drugs; in the setting of a U.S.
urban trauma center, >74% of trauma patients tested pos-
itive for illicit or prescription drugs in their blood (Lin-
denbaum et al., 1989). A review of studies evaluating the
coexistence of alcohol intoxication and TBI found a rate
of intoxication at the time of injury of 36-51% (Corri-
gan, 1995). It was not the policy of the hospitals partic-
ipating in this study to measure the plasma concentra-
tions of alcohol or drugs, so this information was not
collected.

Neurological evaluation is necessary for decision-mak-
ing, but it must be combined with the CT scan findings.
In our series, based on CT findings, 304 patients under-
went urgent evacuation of intracranial masses. It is pos-

sible, or even likely, that for a proportion of them neu-
rological evaluation was biased by factors such as seda-
tion and intubation, but the evidence of masses requires
special consideration. It is not prudent to suspect that a
severe neurological deficit can be ascribed to sedation if
the CT scan shows an overwhelming intracranial lesion
(in our series, 68% of surgical cases had compressed cis-
terns). For this reason we have chosen to separate these
cases from the group in which MS could be suspected
for decision-making.

The 449 non-surgical cases included various sub-
groups. Fifty-five patients defined mild/moderate TBI
were clearly not severe, remaining capable of obeying
commands in all the neurological evaluations. Among the
remaining 394 cases, it was our hypothesis that some TBI
might appear severe even though the patient had not suf-
fered major brain damage. In order to identify these mis-
takenly severe cases, we selected patients who appeared
incapable of obeying commands at some evaluation
point, but who showed prompt improvement after only a
short stay in the ICU. Their clinical course was not ob-
viously benign: six cases experienced hypoxia at the ac-
cident scene, 10 had hypotension, and 32 had extra-cra-
nial lesions. They appeared severe as regards their total
GCS: 48% at the accident scene and subsequently the
majority of the MS cases had GCS of =8. The motor re-
sponse was <6 for the majority of cases at every evalu-
ation point. In many centers they would therefore have
qualified for ICP monitoring and could have been in-
cluded in most clinical trials on neuroprotection for se-
vere head injury. It is very doubtful, however, that they
would have benefited from aggressive intensive care, ICP
monitoring, and any neuroprotective agent, since they
soon regained consciousness and were discharged from
the ICU in a few days—in fact, 36% on the day after in-
jury.

It is important, therefore, to separate these cases from
the really severe ones, so we analyzed the main features
that distinguished the MS cases. More than 90% of MS
cases were classified as Diffuse Injury I or II at the qual-
ifying CT scan and had better motor, verbal, and ocular
responses at all time points than RS patients. Accord-
ingly, their pupils were less frequently abnormal. All
these data indicate less severe brain damage, both struc-
tural and functional. In contrast, patients classified as RS
showed substantial brain damage in the CT scan, worse
neurological presentations at every time point, longer
LOS, and worse outcome.

The bivariate analysis confirmed significant differ-
ences for nine parameters, including age, hypoxia, hy-
potension, and extra-cranial injuries: the MS patients
were younger, had fewer associated injuries, and were
less frequently hypoxic and hypotensive. When all nine
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parameters were entered in a statistical model, logistic
regression identified age of <40 years, the CT scan di-
agnosis, and the motor and verbal components of the GCS
as independent predictors. The relative weight of these
features was substantial, as illustrated by the results. The
odds ratios indicate, for instance, that the risk of being
misclassified increases 4.2 times if the motor response is
greater than 4, and 6.4 times if the verbal response is
greater than 2. The combination of these features gives
a strong probability (75%) of identifying MS cases. The
model seems robust, as indicated by the good level of
calibration and discrimination. Extension of these results
to the real population, however, requires caution because
of the relatively large confidence intervals for the esti-
mated odds ratios, on account of the size of our sample.

Contrary to expectations, sedation and intubation
were not predictors of MS. We believe, however, that
this result does not rule out the influence of sedation
and intubation on the over-estimation of neurological
severity. The statistics indicate that there is no differ-
ence between the rate of intubation-sedation for MS
and RS, but the majority of both MS (88%) and RS
(85%) was either intubated and/or sedated, so a higher
rate in one group was hard to detect. We found that MS
cases were less severe, and that RS experienced sig-
nificantly worse damage, with a correspondingly worse
outcome. In RS, therefore, we feel that the neurologi-
cal presentation was consistent with the underlying le-
sions, while in MS there was an inconsistency between
the apparent severity and the benign course. Sedation
and intubation might have contributed to this discrep-
ancy, but other confounding factors could be involved
too. Some patients may simply have had cerebral con-
cussion and their clinical course would therefore, re-
gardless of sedation, be short and benign. Finally, a
number of cases may have been intoxicated by alcohol
or drugs, which we did not check.

Based on our analysis, a few basic recommendations
can be proposed. First, a careful examination should be
repeated after stabilization, combining the clinical data
with a concomitant CT scan. In case of surgical lesions,
prompt treatment is mandatory, while the non-surgical
cases call for further analysis. Young patients with a neg-
ative or almost innocent CT, who localize the painful
stimulus, have a high probability of a very benign course.
This probability is obviously higher if they can speak at
least “inappropriate words” (GCS verbal component of
>2), but in most cases the verbal response cannot be as-
sessed. These cases would not benefit from aggressive
treatment, including ICP monitoring, and are not ideal
candidates for clinical trials on severe head injury. An
assessment repeated after a few hours (when anesthesia,
alcohol or other drugs should have cleared) would find

definite improvement, and this waiting time could avoid
inappropriate interventions.

In contrast, older patients with brain damage in the CT
scan, and lower scores for the GCS motor and verbal
components have much less chance of early improve-
ment. Their severity will often be confirmed by pupillary
abnormalities and by the combination of extra-cranial in-
juries and insults, such as hypoxia and hypotension. They
require close monitoring and aggressive therapy, and
there is very little risk of their severity being over-esti-
mated.

CONCLUSION

Sedation and/or intubation are applied to 90% of TBI
admitted to ICU in NSH. These include a certain num-
ber of non-surgical cases whose neurological severity is
probably over-estimated at various consecutive neuro-
logical examinations. They have a short stay in the ICU,
a very favorable outcome and do not require aggressive
care. Some distinctive features are significantly corre-
lated with the risk of misclassification. When this risk is
substantial, clinical decisions should be based on further
examination.
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