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In the literature describing clinical research
on head trauma, moderate head injury
remains a clinicopathological entity that has

received relatively little attention. The first def-
inition of moderate head injury was given by
Rimel et al. (25) in 1982. Patients with moderate
head injury were identified as those presenting
with a Glasgow Coma Scale (GCS) score of 9 to
12 at admission and at 6 hours from injury.
Because the cases were collected before 1982,

only a minority of patients were studied with
computed tomographic (CT) scanning, but as
many as 30% required some sort of neurosurgi-
cal treatment. A few years later, Miller and
Jones (19) showed that only 9% of patients with
moderate head injury in their series had intra -
cranial hematomas. The first article containing
cases studied with CT scanning was published
by Stein et al. (31) in 1993. In a series of 447
patients with a GCS score of 9 to 13, a 30% inci-
dence of intracranial abnormalities and the
need for neurosurgical intervention in 8% of
the cases were demonstrated. Patients with an
admission GCS score of 13 had a similar risk of
intracranial hema toma than those patients with
a GCS score of 9 to 12 (30). Subsequently, they

ABBREVIATIONS: CI, confidence interval; CT,
computed tomographic; DI, diffuse injury; GCS,
Glasgow Coma Scale; ICP, intracranial pressure,
OR, odds ratio; tSAH, traumatic subarachnoid
hemorrhage

PATIENTS WITH MODERATE HEAD INJURY: A
PROSPECTIVE MULTICENTER STUDY OF 315 PATIENTS

OBJECTIVE: To analyze the risk factors of worst outcome associated with moderate
head injury.
METHODS: Data on patients with moderate head injury were collected prospectively
in 11 Italian neurosurgical units over a period of 18 months. Patients older than 18
years with blunt head injury and at least one Glasgow Coma Scale (GCS) score between
9 and 13 were enrolled. The outcome was determined at 6 months using the Glasgow
Outcome Scale.
RESULTS: We analyzed 315 patients. Initial computed tomographic scans showed a
diffuse injury type I or II in 63%, a mass lesion in 35%, and traumatic subarachnoid
hemorrhage in 42% of the patients. The risk of progression toward a mass lesion was 23%
when the admission computed tomographic scan showed diffuse injury type I or II. An
emergency craniotomy was performed in 22% of the patients, delayed surgery was per-
formed in 14%, and both were performed in 25%. A favorable outcome was obtained
in 74% of the patients. When the GCS score was 9 or 10, the predictor of worst outcome
was a motor GCS score of 4 or lower (odds ratio [OR], 8.08; 95% confidence interval
[CI], 1.22–67.35; P � 0.008), but when the GCS score was 11 to 13, the factors asso-
ciated with worst outcome were neuroworsening (OR, 3.43; 95% CI, 1.45–8.17; P �
0.002), seizures (OR, 7.94; 95% CI, 1.18–64.48; P � 0.02), and medical complica-
tions (OR, 4.24; 95% CI, 1.74–10.33; P � 0.0006).
CONCLUSION: There is a high percentage of surgery and worsening on computed
tomographic scans in patients with moderate head injury. Neuroworsening, seizures, and
medical complications as outcome predictors were more strongly associated with a
GCS score of 11 to 13, whereas a low motor GCS score was more  outcome- related in
patients with GCS scores of 9 and 10.
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were formally included among moderate head injuries (28).
Whereas there are guidelines for management of patients with
severe head injuries (GCS score of 3–8) (2, 15) and for patients
with mild head injuries (GCS score of 14 and 15) (7, 11), no
guidelines have been published regarding management of mod-
erate head injuries. This may be because of the lack of good
 evidence- based data for this group of patients.

The need for studies in which a larger number of patients are
followed and analyzed led us to conduct this study. Eleven
Italian neurosurgical units provided clinical, radiological, man-
agement, and outcome data on a cohort of 315 patients with
moderate head injury. Although this study is not population
based, it is the first multicenter prospective study providing
information on  clinical- radiological presentation and evalua-
tion of prognostic factors. No similarly extensive, contempora-
neous study has been published to date.

PATIENTS AND METHODS

Data on patients with moderate head injury were collected prospec-
tively over a period of 18 months in 11 Italian neurosurgical units distrib-
uted strategically in the south, center, and north of Italy (i.e., Ancona,
Brescia, Cesena, Messina, Milan, Monza, Padova, Pavia, Rome, Mestre,
and Verona). The inclusion criteria were the presence of traumatic brain
injury with at least one GCS score between 9 and 13 and age older than
18 years. The GCS score was determined at 3 different times: prehospital,
at admission to the emergency department, and at admission to the neu-
rosurgical unit. Different from previous studies, we considered patients
with a GCS score of 13 as having moderate head injury because their risk
of surgical interventions and intracranial hematomas is different from
those with a GCS score of 14 or 15 (28, 29). Exclusion criteria were the
presence of penetrating injuries and associated spinal cord trauma.

Data were collected either by paper forms sent by fax or mail to the
coordinating center (University of Messina, Messina, Italy) or, in the
large majority, by online forms. We used a modified version of the data
collection form used for European Brain Injury Consortium surveys (4).
The retrieved variables were as follows: age, sex, date and hour of
trauma, date and hour of admission, type of trauma, use of alcohol or
drugs, extracranial trauma, type of extracranial trauma, severity of
extracranial trauma, GCS score (prehospital, at admission to the emer-
gency department, and at admission to the neurosurgical unit), pupil-
lary status, presence of hypoxia and/or arterial hypotension, aphasia,
initial and worst CT scan (27) classified according to the Marshall scale
(18) (type I diffuse injury [DI], intracranial abnormality not visible on
CT scan; type II DI, cistern present with shift of 0–5 mm, lesion present,
but not high- or  mixed- density lesion � 25 cc; type III DI, cistern com-
pressed or absent, shift of 0–5 mm, not high- or  mixed- density lesion �
25 cc; type IV DI, shift of � 5 mm, not high- or  mixed- density lesion �
25 cc; evacuated mass lesion [any lesion surgically evacuated]; non -
evacuated mass lesion [high- or  mixed- density lesion � 25 cc, not sur-
gically evacuated]), emergency (within 24 h from injury) surgery, type
of neurointensive monitoring (i.e., jugular venous oxygen saturation,
arterial pressure, intracranial pressure [ICP], and presence of mechan-
ical ventilation), complications such as meningitis, delayed hematoma
evacuated after 24 hours from injury, rate of elevated ICP (elevated
pressure was defined as an ICP higher than 20 mm Hg sustained for at
least 10 minutes) (15), neuroworsening and presence of medical com-
plications (e.g., respiratory, cardiovascular, and infective), and date and
cause of death.

Worst CT scan was defined as that in which the midline shift, the cis-
tern compression, and/or the focal parenchymal lesions were greater
than at admission (27). The appearance of a higher Marshall CT cate-
gory on the  follow- up CT scan in comparison with that on the initial
CT scan was considered a significant CT progression. The change from
DI type I to IV to evacuated mass lesion or nonevacuated mass lesion
was considered a progression toward a mass lesion (3). We have con-
sidered complete CT scan information, when it was available, the
Marshall description of the first and worst CT scans for the same
patient. Neuroworsening was defined according to Morris et al. (20) as
a reduction in the total GCS score of at least 2 points or more than
1 point in the motor GCS score and alteration of pupil size and/or
pupil reaction to light. The outcome was determined at 6 months from
injury using the Glasgow Outcome Scale (12). For statistical reasons,
the Glasgow Outcome Scale was dichotomized into favorable (moder-
ate disability and good recovery) and unfavorable (dead, persistent
vegetative state, severe disability) results.

Statistical Analysis
Categorical data were tabulated and data variables were summa-

rized using median and interquartile range. Continuous variables
were summarized using mean and standard deviation. Univariate
(χ2 test or t test as appropriate) and stepwise forward multivariate
logistic regression analyses were used. The odds ratios (ORs), together
with their 95% confidence intervals (CIs), were also derived. Statistical
analyses were performed using the SAS statistical package (Version
9.1; SAS Institute, Inc., Cary, NC). P values of less than 0.05 were con-
sidered statistically significant.

RESULTS

We analyzed 315 patients with moderate head injury (Table
1). The cohort mean age was 46.9 � 26.7 years (range, 18–91
years). Two hundred nineteen of the patients (72%) were men.
The prehospital median GCS score was 12 (interquartile range,
11–13).  Thirty- eight patients had a prehospital GCS score of 14
to 15 with subsequent deterioration at hospital arrival. Two
hundred  sixty- four patients had a first GCS score of 9 to 13 and
were stable at hospital arrival. Only one patient with a GCS
score of 13 at the scene improved. In 12 patients, the GCS score
at the scene was incomplete but the GCS score at arrival to the
hospital was 9 to 13. The most frequent cause of trauma was
road traffic accident (54%). Drug or alcohol abuse was present
in 8% of the patients. Major trauma at 1 or more other body
sites was found in 64 of the cases (21%). Initial CT scan (Table
2) showed a type I or II DI in 192 cases (63%) and a mass lesion
in 106 cases (35%). Traumatic subarachnoid hemorrhage (tSAH)
was present at admission in 41.9% of the patients.

One hundred  eighty- two patients (59%) had complete infor-
mation regarding CT scan time evolution. In this cohort, the
risk of progression toward a mass lesion was 30 of 132 (22.7%)
in the event of an admission CT scan with type I or II DI.

An emergency craniotomy (within 24 hours of injury) was
performed in 68 of 305 patients (22.3%) and delayed surgery
was necessary in 44 patients (14.4%) (Table 3). Both procedures
were performed in 18 of 68 of the patients (25%). As a sign of
trauma severity, we also recorded mechanical ventilation in 59
of 306 patients (19.3%), invasive monitoring of arterial blood
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pressure in 58 of 306 patients (18.9%), and ICP monitoring in 26
of 305 patients (8.5%).

Data regarding 6-month outcome according to the Glasgow
Outcome Scale were obtained in 249 patients. A favorable out-
come (good recovery and moderate disability) was reached in
73.9% of the cases, and 62% (183/296) of the patients were dis-
charged to home directly from the first hospital. In Table 4, we
have compared the initial GCS score and outcome. It is to be
noted that the mortality rate does not differ between initial
GCS scores but, as expected, the rate of favorable outcome
increases sharply from a GCS score of 9 to a GCS score of 13. Of
a total of 51 deaths (20.5%), only 16 patients died during the
hospital stay. In this subgroup of patients, the mean age was
76.1 � 8.4 years and the main cause of death was the occur-
rence of medical complications (9/16).

Age, prehospital motor GCS score less than or equal to 4 (OR,
3.92; 95% CI, 1.01–15.54; P � 0.03), tSAH (OR, 1.80; 95% CI,
0.97–3.35; P � 0.046), medical complications (OR, 3.16; 95% CI,
1.51–6.63; P � 0.0018), neuroworsening (OR, 3.24; 95% CI,
1.65–6.39; P � 0.0004), and presence of delayed hematoma (OR,
2.36; 95% CI, 1.11–5.02; P � 0.019) were identified as prognostic

factors related to unfavorable outcome (Table 5). Medical com-
plications were, as expected, more frequent in older patients
(mean age of patients with medical complications, 64 years;
mean age of patients without medical complications, 44 years;
P � 0.0001). In the multivariate analysis, the only variables with
significant statistical association with worst outcome were age

TABLE 1. Demographic dataa

Value (%)

No. of patients 315

Ageb

Mean � SD (y) 46.9 � 23.7

Range (y) 1–91

IQR range (y) 25–68

Male 219/305 (71.8)

Prehospital total GCS score

Median 12

Range 9–15

IQR 11–13

Meningitis 1/305 (0.3)

Type of trauma 305/315

RTA 166 (54.4)

Work 27 (8.8)

Assault 3 (1)

Domestic incident 56 (18.4)

Others 53 (17.3)

Alcohol or drugs 19/260 (7.3)

Associated major trauma 64/315 (21)

Hemiplegia 28/305 (9.2)

Aphasia 15/304 (4.9)

Hypoxia (documented or suspected) 5/305 (1.6)

Hypotension (documented or suspected) 6/304 (2)

a SD, standard deviation; IQR, interquartile range; GCS, Glasgow Coma Scale; RTA,
road traffic accident.
b Age data were available for 304 of 315 patients.

a CT, computed tomographic; DI, diffuse injury; EML, evacuated mass lesion; NEML,
nonevacuated mass lesion.

TABLE 2. Computed tomographic scan dataa

No. (%)

Initial CT scans 304/315

Type I DI 56 (18.4)

Type II DI 136 (44.7)

Type III DI 4 (1.3)

Type IV DI 2 (0.6)

EML 39 (12.8)

NEML 67 (22)

Subarachnoid hemorrhage 127/303 (41.9)

Intraventricular hemorrhage 9/305 (2.9)

Fracture 263/315

Linear 75 (28.5)

Basal 41 (15.6)

Depressed 6 (2.3)

Worst CT scans 186/315 (60)

Without changes 74 (39.8)

Type I DI 10 (8.9)

Type II DI 33 (29.5)

Type III DI 1 (0.9)

Type IV DI 4 (3.6)

EML 30 (26.8)

NEML 34 (30.3)

a ICP, intracranial pressure.

TABLE 3. Intracranial monitoring, clinical evolution, and type of
surgerya

No. (%)

ICP 23/305 (7.5)

ICP increased 9/23 (39.1)

Mechanical ventilation 59/306 (19.3)

Invasive arterial pressure 58/306 (18.9)

Jugular venous oxygen saturation 15/306 (4.9)

Extracranial surgery 35/304 (11.5)

Craniotomy within 24 h 68/305 (22.3)

Delayed hematoma 44/306 (14.4)

Neuroworsening 73/261 (28)
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(P � 0.0069), prehospital motor GCS score of 4 or less (P �
0.04), and the presence of delayed hematoma (P � 0.034).

Identification of 2 Different Groups
For the purpose of data analysis, patients were divided into

2 groups according to their level of consciousness at admission.
All the patients with a prehospital GCS score of 9 or 10 were
included in the first group, and those patients with a prehospi-
tal GCS score between 11 and 13 were included in the second
group. Significant differences were found in the rate of associ-
ated major trauma (31.2% in those with a GCS score of 9 or 10
versus 18.4% in those with a GCS score of 11–13; P � 0.037) and

the presence of prehospital neuroworsening (7.8% versus
29.2%; P � 0.0002). If all patients who died are excluded from
the analysis, the incidence of unfavorable outcome is higher in
the first group (17.8% versus 3.4%; P � 0.002). Older age was a
predictor of worst outcome in both groups (poor outcome,
54.9 � 27.3 versus good outcome, 40.4 � 22.1, P � 0.025; and
poor outcome, 59.8 � 23.6 versus good outcome, 45.1 � 22.7,
P � 0.0004, respectively, for the first and second groups).
However, although in the first group of patients (GCS score of
9 or 10) the motor GCS score less than or equal to 4 (OR, 8.08;
95% CI, 1.22–67.35; P � 0.008) was a predictive factor of worst
outcome, in the second group (GCS score of 11–13), the pres-

a GR, good recovery; MD, moderate disability; PVS, persistent vegetative state; SD, severe disability; GCS, Glasgow Coma Scale.
b Patients with GCS scores of 14 or 15 at admission and subsequent neuroworsening (38/110 [34%]) are included in this category. Outcome for patients with a GCS score
of 14 or 15: GR, 28; dead, 4; missing, 6.

TABLE 4. Initial Glasgow Coma Scale score and outcomea

GR (%) MD (%) PVS (%) SD (%) Dead (%)

GCS score of 9 (20/24) 10/20 (50) 2/20 (10) 1/20 (5) 3/20 (15) 4/20 (20)

GCS score of 10 (36/40) 23/36 (63.9) 2/36 (5.6) 3/36 (8.3) 1/36 (2.8) 7/36 (19.4)

GCS score of 11 (42/58) 30/42 (71.5) 2/42 (4.8) 1/42 (2.4) 1/42 (2.4) 8/42 (19.1)

GCS score of 12 (57/71) 43/57 (75.5) 0/57 1/57 (1.8) 1/57 (1.8) 12/57 (21.1)

GCS score of 13b (82/110) 65/82 (79.3) 1/82 (1.2) 1/82 (1.2) 0/82 15/82 (18.3)

a OR, odds ratio; CI, confidence interval; GCS, Glasgow Coma Scale; tSAH, traumatic subarachnoid hemorrhage.
b Prognostic factors related to unfavorable outcome.

TABLE 5. Prognostic factors related to outcomea

Poor (%) Good (%) Univariate P value OR (95% CI) Multivariate P value

Ageb 58.2 � 24.7 43.9 � 22.5 �0.0001 0.0069

Male sex 39/61 (63.9) 127/178 (71.3) 0.33 0.71 (0.37–1.38)

Alcohol 2/47 (4.26) 11/178 (6.18) 1.00 0.67 (0.10–3.4)

Associated major trauma 15/61 (24.6) 38/178 (21.3) 0.59 1.20 (0.57–2.50)

Prehospital motor GCS score � 4b 6/59 (11.2) 5/178 (2.8) 0.03 3.92 (1.01–15.54) 0.041

Nonreactive pupils 4/61 (6.6) 12/178 (6.7) 1.00 0.97 (0.25–3.42)

At least 1 nonreactive pupil 6/60 (10) 20/178 (11.2) 0.79 0.88 (0.30–2.47)

Hypoxia 1/61 (1.64) 3/178 (1.69) 1.00 0.97 (0.18–35)

Arterial hypotension 2/61 (3.28) 2/178 (1.18) 0.27 2.98 (0.29–30.42)

tSAHb 35/63 (55.6) 73/178 (40.8) 0.046 1.80 (0.97–3.35)

Intraventricular hemorrhage 2/61 (3.28) 5/178 (2.81) 1.00 1.17 (0.15–7.07)

Fracture 24/47 (51.1) 82/178 (46.1) 0.68 1.15 (0.57–2.29)

Extracranial surgery 7/59 (11.9) 20/177 (11.3) 0.90 1.06 (0.38–2.83)

Medical secondary eventsb 20/64 (31.3) 23/183 (12.6) 0.0018 3.16 (1.51–6.63)

Neuroworseningb 29/53 (54.7) 50/184 (27.2) 0.0004 3.24 (1.65–6.39)

Seizures 5/64 (7.81) 6/184 (3.26) 0.15 2.51 (0.64–9.75)

Delayed hematomab 17/65 (26.2) 24/184 (13) 0.0193 2.36 (1.11–5.02) 0.034

Significant progression 12/43 (27.9) 17/110 (15.5) 0.11 2.12 (0.84–5.33)

Prehospital neuroworsening 13/58 (22.4) 50/178 (28.1) 0.49 0.74 (0.35–1.56)



ence of neuroworsening (OR, 3.43; 95% CI, 1.45–8.17; P �
0.002), seizures (OR, 7.94; 95% CI, 1.18–64.48; P � 0.02), and
medical complications (OR, 4.24; 95% CI, 1.74–10.33; P �
0.0006) were associated with worst outcome. The presence of
tSAH was associated with bad outcome (OR, 3.81; 95% CI,
0.98–15.64; P � 0.055) in the group with lower GCS scores.

DISCUSSION

Data on patients with moderate head injury were usually
reported together with data on patients with severe head
injury (34). In a European Brain Injury Consortium report (21),
the overlap between these two categories was such that it was
necessary to create an intermediate category that contained
patients with 2 different GCS recordings at 2 different times:
one between 3 and 8 and another between 9 and 12. This cat-
egory represented as much as 18% of all the cases, and it was
larger than the category of pure moderate head injury (16%).
In other reports (10, 17), this group of patients was not identi-
fied, raising the doubt that whenever we incorporate data on
severe and moderate head injury, there are intermediate
patients who are assigned randomly to 1 of the 2 categories.
The key point is when to assign a patient to a given severity
category. For years, we have classified the patient’s severity
based on the poststabilization GCS score at admission. With
the improvement of prehospital care, an accurate GCS assess-
ment on arrival is not always possible. It has been shown
recently that whereas the correlation between age and progno-
sis remains stable, the correlation between GCS score at admis-
sion and outcome was lost in recent years (1); this was proba-
bly attributable to a  too- severe evaluation of traumatic brain
injury patients, who are often sedated at the scene (32).
Therefore, clinical researchers have used a combination of pre-
hospital and admission assessments to include patients in clin-
ical trials (16, 27). We have also used the same criterion, but
this may affect the comparison with previous studies where
only GCS score at admission was used (5).

Other significant clinical and epidemiological differences
between our patients and those from previously published
studies were older age (mean age, 47 years compared with a
mean age never exceeding 39 years) (5, 25, 35, 36), a lower per-
centage of patients admitted under the influence of alcohol (7%
versus 34% or even 67%) (25, 35), and a higher proportion of
patients with a mass lesion on admission CT scan (35% versus
14%) as reported by Fearnside and McDougall (5). This could
be attributable to a policy of centralizing patients with abnor-
mal CT scans to neurosurgical centers (26). Therefore, it is not
surprising that the mortality observed in this study (at 6
months) is 20.5%, which is higher than other published series,
where the mortality range was between 15% and 20% (21, 24,
35). The  in- hospital mortality in our study is relatively low. Of
51 deaths, only 16 occurred during the hospital stay.

Another difference with previous published studies on
moderate head injury is the lower percentage in our cohort
of mechanically ventilated patients (19.3% versus 96%), as
reported by Vitaz et al. (36). These data do not contradict the
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previously cited observation about the severity level of the
studied population but merely represents a different policy of
emergency medical service personnel to routinely intubate
patients with GCS scores less than 8.

High Risk of Evolution from the Initial CT Scan
We have learned in recent years that a significant proportion

of patients with moderate, severe, and even mild head injuries
can exhibit a  clinical- radiological evolving course (up to 50% in
the first posttraumatic hours according to Oertel et al. [23]).
Data based on severe and moderate patients collected by the
European Brain Injury Consortium show an evolution from a
type I and type II DI to a mass lesion in 13% of cases (27).

In recent series of tSAH patients, the highest percentage of
significant lesion evolution (44%) was observed in patients
with moderate head injury (3). In unselected (tSAH and  non-
 tSAH) multicenter series of patients with moderate head injury,
1 patient of 4.5 presented a CT scan evolution from a diffuse
injury to mass lesion, confirming the high risk of lesion pro-
gression in this population (4). These findings are also con-
firmed by the high rate (almost 15%) of delayed surgical inter-
vention based on the increasing number of lesions judged as
“not surgical” at admission and also on the occurrence of neu-
roworsening in 73 patients (28%).

Our data are in favor of moderate traumatic brain injury cen-
tralization, with the unique exception of patients with a normal
CT scan at admission in whom the risk of development of
intracranial lesions is extremely low (14, 27). Clinical and radi-
ological worsening can then be detected in units where the sur-
gical treatment can be promptly organized.

Identification of the 2 Subpopulations
As already reported, there is scarce evidence that patients

with moderate head injury can be considered as a homoge-
neous group. It seems that they are identified as “the patients
between severe and mild head injuries.” According to the deter-
minants of outcome (9), we arbitrarily divided our patients into
2 groups: moderate to severe injury (GCS score of 9–10) and the
moderate to mild injury (GCS score of 11–13). Older age, a
known factor for worst outcome (6, 33), was related to bad out-
come in both groups. In patients with moderate to severe
injury, the outcome prediction was based on the motor GCS
score (Table 6). The motor component of the GCS has proved to
be even superior to the entire GCS for outcome prediction only
in severe and lower moderate injury patients where the verbal
component of the GCS is not testable (8).

In patients with mild to moderate injury (GCS score of
11–13), the outcome was related to the presence of clinical dete-
rioration (neuroworsening), seizures, and medical complica-
tions. The occurrence of clinical deterioration (neuroworsening)
was strongly related to bad outcome (20). In our cohort, 73
patients (28%) presented a clinical deterioration during their
hospital stay. The presence of this neuroworsening was
extremely important for surgical indications. In fact, almost all
patients with an evacuated delayed hematoma also presented
a neuroworsening (42/44 [95%]). This again reinforces the con-
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cept of the current practice of “waiting for clinical deteriora-
tion” before operating on patients not in a comatose state. A
recently published article (4) reached the same conclusion: par-
ticularly in brain contusions, the presence of clinical and/or
radiological deterioration plays an important role in deciding
in favor of surgical evacuation. The delayed surgery group had
a 41% rate of unfavorable outcome and the immediate surgery
group had a 31% rate without significant differences in age,
motor GCS score, or pupils. The design of our study does not
allow us to determine whether early surgical evacuation before
neuroworsening could lead to a better outcome.

CONCLUSION

This study reveals a high percentage of surgery and worsen-
ing of the CT scan in patients with moderate head injury, high-
lighting the need for strict  clinical- radiological monitoring in
these types of patients. In this cohort, neuroworsening,
seizures, and medical complications as outcome predictors
were more strongly associated with GCS scores of 11 to 13,
whereas low motor GCS score was more  outcome- related in
patients with GCS scores of 9 and 10.

Study Limitation
We had a 21% rate of missing data for the outcome at 6

months. This rate is not different from the data of other multi-
center studies (between 9% and 18%) (13, 22). Whereas the rate
of missing data was 4% for the first CT scan, the rate for the
worst CT scan  (follow- up CT scan) was higher (40%). However,
these data were used only to show the risk of evolution from
type I and type II DI to a mass lesion in the subset of patients
for whom we had the information.
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COMMENTS

Moderate traumatic brain injury (TBI) has not received the clinical
or basic research attention that severe TBI and, more recently,

minor TBI have generated. This study is thus an important contribution
by a respected group of TBI investigators.

That almost 25% of these patients required surgery is important to
know in guiding the need for appropriate neurological monitoring and
setting a lower threshold for repeat computed tomographic (CT) scan-
ning. Additionally, the identification of specific risk factors in patients
with Glasgow Coma Scale (GCS) scores of 9 or 10 versus 11 to 13 may
allow us to more intensively monitor such patients prospectively.

Although the authors acknowledge the limitations caused by miss-
ing data in this study, one must maintain some degree of caution about
the generalizability of these findings when full CT data to access evo-
lutional changes were unavailable in 40% of the patients and outcome
data were missing in 20%.

Jack E. Wilberger
Pittsburgh, Pennsylvania

Compagnone et al. report their experience with 315 patients with
moderate TBI collected prospectively at 11 Italian centers over an

18-month period. This is a group that, to my knowledge, has not been
the focus of other reports, and therefore, this study has value. The
authors emphasize that this is a group that requires rigorous manage-
ment and in whom the outcome is not always favorable. Thirty-five
percent of these patients had mass lesions greater than 25 mL, 22%
required emergency surgical operations, and 20% died, although most
of the deaths were after the period of acute hospitalization and resulted
from medical causes. This was in spite of including patients with GCS
scores of 13, according to the recommendations of Stein and Ross (1),
although these guidelines are not universally followed. Also, the out-
comes in this cohort may have been affected by patient age (mean, 47
years), which was much higher than in most TBI studies.

Howard M. Eisenberg
Baltimore, Maryland

1. Stein SC, Ross SE: Moderate head injury: A guide to initial management.
J Neurosurg 77:562–564, 1992.

Compagnone et al. have presented a very important article on mod-
erate head injury. One has to recognize that neurosurgical units in

Italy serve as referral sources and usually review the scans of patients
who are going to be transferred by teleradiology. Therefore, the num-
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ber of patients who required a craniotomy is substantially higher than
one might see in a similar study in the United States, where patients
tend to be taken to a hospital with neurosurgeons, particularly in urban
areas, rather than to a “district hospital.” Nevertheless, the data are
important and of substantial interest. The demonstration that poor out-
comes in the group with higher GCS scores (11–13) were attributable to
neuroworsening is not surprising, but it indicates that patients—partic-
ularly those with contusions or intracerebral hemorrhage on the initial
scan—need to be carefully watched for blossoming; the same is true for
patients with epidural hemorrhages.

The article is also important in that it outlines a substantial need for
a high level of vigilance in this group of patients. These patients are
often older than the usual cohort with severe head injuries and, in the
United States, these cases are often associated with falls, which in turn
have a much higher incidence of intracranial hemorrhages than do
motor vehicle accidents.

Of considerable interest also is the fact that the authors have
included patients with a GCS score of 13 in the moderately injured cat-
egory. This change is, in my view, completely appropriate, because
these patients do not behave like patients with a GCS score of 14 or 15
with regard to their clinical course and, from a structural basis, their
condition often deteriorates from what is seen on the initial CT scan.

What is also of interest in this study is the fact that we have the
inclusion of the initial CT scan and the subsequent CT scan, which has
not previously been reported in this cohort of patients. Not surpris-
ingly, of the 16 patients who died during their hospital stay, the mean
age was 76 years; the majority died of medical complications.

It is particularly important for neurosurgeons to note that deteriora-
tion was the most powerful predictor of poor outcome. This means,
therefore, that patients should be managed in a unit with a high degree
of vigilance and that orders should be written that the pupils be
checked at a minimum of once per hour. In addition, the study strongly
suggests that rescanning orders should be written in each case, even if
the first scan is quite benign. This will avoid having patients deteriorate
to a point where their neurological function cannot be restored because
of the blossoming of the hematoma or the occasional development of
diffuse brain swelling. In summary, this is an important comprehensive
review of a prospectively collected series of moderate head injury that
provides very useful information to neurosurgeons involved in the
care of the head-injured patient.

Lawrence F. Marshall
San Diego, California

This is an extremely important addition to the literature on the mod-
erately head-injured patient. The study includes 315 patients from

11 different neurosurgical centers and was analyzed according to
patient age, GCS score, and radiological findings at the time of admis-
sion and subsequent studies. Although guidelines exist for the manage-
ment of the severely head-injured patient and also for the mildly head-
injured patient, the moderately head-injured patient has not been
studied in depth until now.

Several important conclusions can be drawn from this study, includ-
ing the need for close monitoring of the moderately head-injured

patient. In the era of regionalization of neurotrauma care, the transport
of patients with severe TBI to regionalized trauma centers is well
accepted. This article shows us that moderately injured patients also
have a fairly high incidence of progression both clinically and radio-
logically. The fact that approximately 37% of the patients required a
surgical procedure indicates that the moderate head injury also should
be considered for transfer to regional trauma care centers with neuro-
surgical capabilities and such patients also should be monitored in
critical care areas familiar with the management of head-injured
patients.

Several interesting divisions and observations have been made in
this study, including the breakdown of moderately injured patients
into the moderate/severe group (GCS score, 9 or 10) and the moder-
ate/mild group (GCS score, 11–13). In the first group, older age and
the motor component of the GCS seemed to be the most important
predictive factors, whereas in the second group, the outcome was
related to the presence of clinical deterioration, seizures, and medical
complications.

This report reinforces the findings of a recently published article
that states that in patients, particularly those with brain contusions, the
presence of clinical and/or radiological deterioration plays an impor-
tant role in deciding issues concerning surgical intervention. An
extremely interesting finding from this study is the fact that only 8% of
the patients had drugs or alcohol as contributing factors to their trau-
matic injury. This is obviously in contradistinction to studies done in
the United States in which the incidence of alcohol-related severe and
moderate TBI is much higher.

In conclusion, this is an excellent article, and it adds to a very scarce
amount of literature on the moderately head-injured patient. It will be
used and quoted by many institutions in the management of this sub-
set of patients with TBI. These data are also extremely important for
determining the disposition and transfer of this subset of patients.

Domenic P. Esposito
Jackson, Mississippi

The neurosurgical literature is replete with studies on the manage-
ment and outcome of patients with severe head injury; hence, this

study by Compagnone et al., which addresses moderate head injury in
a relatively large cohort of patients (315 cases) is welcome. The study
provides valuable data, including the 23% risk of progression to a mass
lesion in patients with diffuse injury types I and II, emphasizing the
need for these patients to be transferred to specialized centers that pro-
vide 24-hour access to cranial surgery and high-quality neurointensive
care. The overall outcome expressed as favorable on the GCS (good
recovery/moderate disability) was 74%. It is a pity that more refined
measures of outcome, such as quality of life, are not available. The
major limitation of this study, a rate of missing outcome of 21%, is rec-
ognized by the authors. This must be borne in mind when interpreting
the results but should not detract from this valuable contribution to the
literature.

Peter J. Hutchinson
Cambridge, England



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


