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Summary Because of disagreement between clinical studies, the American College of Neurological Surgeons
(ACNS) most recent recommendation (1996) is that glucocorticoids should not be used in the treatment of closed head
trauma (CHT). The current paper reviews clinical studies of glucocorticoids and CHT in order to examine what factors
might have accounted for the inconsistent results leading to the ACNS’s recommendation. A careful analysIs of these
studies reveals that, contrary to the ACNS’s sweeping conclusion, the available data support the use of glucocorticoids
for patients with CHT, but only in specific cases. Glucocorticoids may be beneficial in the treatment of CHT
uncomplicated by intracranial hemorrhage; in situations where intracranial hemorrhage accompanies CHT,
glucocorticoid treatment appears detrimental. The second part of this paper examines possible mechanisms
accounting for the differential effectiveness of glucocorticoids in CHT patients with and without intracranial
hemorrhage. These mechanisms include vasospasm, free radical damage, blood-borne factors, and glutamate
neurotoxicity. © 2001 Harcourt Publishers Ltd

INTRODUCTION
Interest in the use of glucocorticoids (GC) in neurosurgery began with Galicich and French’s (1) observation
that dexamethasone reduces brain edema and edemarelated symptoms in brain tumor patients. A reduction in
edema-related post-operative neurological complications
was later described in patients after temporal lobectomy
for intractable seizures (2). Following these initial observations in patients, a number of studies were performed
to examine possible benefits of GCs in the treatment of
patients with closed heat trauma (CHT).* These studies
failed to consistently identify clinical benefit unlike the
initial studies with patients with brain tumors and temporal lobectomy (reviewed in (4)). As the expected result,
the current assessment of the American College of
Neurological Surgeons (5) is that GCs should not be used
in the routine treatment of CHT.
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It is the author’s opinion that a close review of
the available studies suggests a compromise position:
namely, that GCs are an effective therapeutic modality in
CHT that is uncomplicated by intracranial hemorrhage
(ICH)2 and that similar GC treatment in CHT with ICH is
ineffective. This paper will first review the data on the use
of GCs in CHT with and without ICH. This will be followed by a brief description of pathophysiological
mechanisms that could account for the differential effectiveness of GC treatment in patients with CHT complicated and uncomplicated by ICH.

*The definition of closed head trauma excludes depressed cranial fractures and any dural penetration, but may include skull
fractures and any type of ICH. Open head trauma, particularly
penetrating trauma, has distinct pathology (e.g., tissue maceration, damage from shock waves), complications (e.g., development of infection, missile fragment migration), treatment (e.g.,
removal of pulped brain), and prognosis (94% mortality with
gunshot wound to head) (3), and would ideally not be grouped
with or compared against CHT.
2
ICH includes subdural, epidural, intraparenchymal, and subarachnoid hemorrhage, which necessarily are radiologically
identifiable. Most studies reviewed here report the incidence of
only the first three types.
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CLINICAL STUDIES
Extrapolating from their pioneering work with brain
tumor patients, French and Galicich (6) described clinical
improvement after dexamethasone treatment in 11 CHT
patients, all of whom were (i) comatose for at least 24 h
and (ii) lacked ICH. In their report, dexamethasone dispelled the comatose state in 5 of the 11 CHT patients
within a day of beginning treatment. Several subsequent
clinical studies employing control groups reinforced the
usefulness of GC treatment in CHT (7, Randt and Wood
in 8,9). In reports from Gobiet and colleagues, head
injured patients (96% of whom were CHT and 21% of
whom exhibited ICH) treated with dexamethasone had a
relative risk (RR) of death of 0.5 in comparison with
untreated patients (7,10). The extent of injury upon
admission was poorly defined in these reports and is estimated here to be equivalent to a Glasgow coma scale
(GCS) less than 5. A small group of CHT patients (n = 17)
examined by Randt and Wood (reported in (8) as a personal communication) failed to statistically show benefit
of methylprednisone treatment despite a RR of survival
after steroid treatment of 1.9, a conflict likely caused by
population size. Here the patients were selected for
inclusion in the study based on the absence of ‘angiographic shift or significant clots’ indicating that none of
the cases involved ICH. In Saul et al. (9), treatment with
methylprednisolone or dexamethasone appeared to promote complete recovery (defined as a score of 5 on the
Glasgow outcome scale (GOS)) from CHT by 6 months
after injury (RR = 1.8), but it did not reduce the mortality
rate. In this study, the frequency of ICH was 10%. GCs
proved particularly beneficial in a subgroup of patients
who were clinically improving on a standard head
trauma protocol that included surgical drainage of
intracranial hematomas (RR of death = 0.4; RR of complete recovery = 1.3); conversely, patients not responding
to the standard treatment protocol did worse with
steroid treatment (RR of complete recovery = 0.2; RR of
death = 1.3).
Not all of the controlled studies that followed French
and Galicich (6) supported the use of GCs in CHT.
Gutterman and Shenkin (11) found that dexamethasone
or hydrocortisone actually decreased survival and the
likelihood of a good outcome (defined as a score of 5 or 4
on the GOS) in a series of CHT patients exhibiting a
decerebrate posture (RR of death = 1.6; RR of good outcome = 0.4). Gutterman and Shenkin reported a 54% ICH
rate in their patient population, in accordance with the
established association between decerebrate posturing
and ICH (60–80% of cases (12)). An even worse outcome
was reported in steroid-treated, decerebrate patients who
required surgical drainage of an identified intracranial
hematoma (RR of death = 1.8). However, this study is
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non-randomized and unblinded, and considering the pervading belief at the time of the study that GCs improved
outcome in CHT, it is quite possible that the patients who
received steroid were clinically in worse condition than
those who did not receive steroid. Gudeman et al. (13)
failed to improve clinical outcome in a group of 20 CHT
patients after treatment with methylprednisone. Here,
60% of patients exhibited some type of ICH. Outcomes
from methylprednisone-treated patients were compared
against a non-concurrent control group whose members
were less severely injured (e.g., exhibited less brainstem
reflex impairment, cranial nerve injury, and, importantly,
ICH) than the steroid-treated patients. Cooper et al. (14)
compared the effects of dexamethasone in 76 CHT
patients with an initial GCS value <8 and, in comparison
with no treatment, dexamethasone treatment was associated with greater mortality (RR = 1.4). Patients in this
study were diagnosed with either focal or diffuse brain
trauma; of the 33% that were considered focal brain
trauma, it is expected that a majority involve ICH. Patient
randomization in the study by Cooper et al. was probably
inadequate since patients diagnosed with the focal brain
trauma were more commonly assigned to receive steroid
treatment. Cooper et al.’s own control data show that the
diagnosis of focal brain injury carries greater morbidity
and mortality than does that of diffuse (e.g., no intracranial mass) brain injury, a finding that has been supported
elsewhere (15).
Two large studies performed in a controlled and
blinded manner recently reexamined the issue of GC
treatment in CHT. Gaab et al. (16) reported that an intense, albeit short, dexamethasone treatment (see Table 1)
failed to reduce mortality or improve outcome assessed
10–14 months after injury. Grumme et al. (17), using the
pure anti-inflammatory GC triamCinolone, reduced mortality of all CHT at the time of discharge from the hospital (RR of death = 0.7). At that early time of assessment,
benefits of GC treatment were observed specifically in
patients with subdural or epidural hemorrhage (RR of
good outcome after subdural hemorrhage = 1.6; RR of
good outcome after epidural hemorrhage = 1.3) and in
patients with brain contusions (RR of good outcome =
1.6). Reexamination of the study group one year after discharge, however, failed to show a statistically better outcome after triamcinolone treatment in the general
treatment population (RR of death = 0.9) or specifically in
epidural or subdural hemorrhage patients, although a
persistent benefit of triamcinolone treatment in patients
with brain contusions was found at one year (RR of good
outcome = 1.7, RR of death = 0.5). Both Gaab et al. and
Grumme et al. were liberal with admission criteria,
including patients with moderate to minor CHT (GCS >8);
this is reflected in the low mortality rates of their
control groups. However, the incidence of intracranial
© 2001 Harcourt Publishers Ltd
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Table 1

Human trials using glucocorticoids in the treatment of closed head trauma

Study

n1

Steroid

Steroid dosage Admission
/duration2
criteria

Outcome
measure

Good recovery
(GOS 1 or 2)

Death

Hemorrhage
rate

Placebo
mortality

Randt and Wood, in
Ransohoff, 1972
Saul et al., 1981

17

mePred

10 g/4 d

RR = 1.94

RR = 0.7

0%

72%

(+) decerebrate

50

28.1 g/11 d

RR = 1.86

RR = 0.9

10%

18%

(+) responders to
standard tx. protocol

Gobiet et al., 1976

34

mePred,
Dex
Dex

death within
163d
GOS @6mo

10.8 g/8 d

n/a

RR = 0.5

21%

46%

Dearden et al., 1986

68

Dex

12.7 g/6 d

death within
10 d
GOS @ 6mo

RR = 0.9

RR = 1.4

n/a

34%

Cooper et al., 1979
Gutterman &
Shenkin, 1970

49
23

Dex
Dex,
Hdct

GCS < 8
decerebrate
posture

GOS @ 6mo
GOS @ DC

RR = 1.0
RR = 0.4

RR = 1.4
RR = 1.6

< 33%
54%

48%
38%

(–) surgical patients

Grumme et al., 1995

187

Triam

20.6 g/7 d
Dex 0.5–0.7 g
qd hcort 0.6 g
qd,undefined
4.6 g/9 d

GCS < 8 in 65%

RR = 1.1 @ DC
RR = 1.0 @ 1yr

RR = 0.7 @DC 41–54%
RR = 0.9 @ 1 yr

16%

(+) brain contusion

Gudeman et al.,
1979
Gaab et al., 1994

20

mePred

23.5 g/3 d

GCS < 8 in 80 %

RR = 0.9

RR = 1.1

60%

35%

147

Dex

57.5 g/2 d

GCS < 8 in 76%;
stable @ GCS >
4 for 24 h

GOS
@ discharge
& l yr
GOS @
3 mo
Gos@
10–14 mo

RR = 1.0

RR = 0.9

>55%

15%

no intracranial
hemorrhage
GCS < 7; OHT;
NOSBI
GCS < 5, est.;
OHT
GCS < 8; NRA

Subgroup
specific
outcomes

(–) ICP > 30 mmHg,
(–) surgical pts.
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Controlled studies examining glucocorticoid therapy on clinical outcome in human closed head trauma. Light gray, studies with intracranial hemorrhage rates <25%; dark gray, studies
with intracranial hemorrhage rates > 25%. Dex = dexamethasone, mePred = methylprednisolone, Hdct = hydrocortisone, Triam = triamcinolone; NRA = does not specify rapid
administration of steroid; OHT = open head trauma included; NOSBI = no other significant body injury; (+) = beneficial; (–) = detrimental.
1
number of head-trauma patients treated with steroid; 2 total dose over treatment course of the most efficacious dose or, in the absence of effect, the highest dose; dose standardized to
a hydrocortisone equivalent based on antiinflammatory properties; assumes 70 kg man; 3based on age, pupil reactivity to light, and best motor response; 4measured as survival; 5 or
equivalent scale; 6 GOS = 1 only.
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hemorrhage in these studies was comparatively high
(>55% in Gaab et al.3; 41–54% in Grumme et al.4).
The findings of the aforementioned studies are summarized in Table 1. In reviewing the available information
of GC treatment of CHT, several hypotheses that could
explain the varied conclusions of the clinical studies are
eliminated, including:
1. Differences in steroid dosage – Those studies that
show a benefit of GC treatment employ a range of
steroid doses (expressed in terms of hydrocortisone
anti-inflammatory equivalents in Table 1) that is
comparable to studies that show no benefit of
treatment.
2. Differences in steroid bioactivity – Clinical
improvement is reported with both dexamethasone
and methylprednisone. This is important because
methylprednisone activates aldosterone- and GCspecific nuclear receptors, whereas dexamethasone is
effective at only the GC-specific receptor (18,19).
3. Promptness of steroid administration – Reanalysis of
the data presented in one of the clinical trials of GC in
CHT (20) supports improved outcomes in patients
treated within 6 h of injury (21). In fact, all of the
controlled clinical studies reviewed here had
treatment protocols that required initial steroid
administration within 6 h of admission.
4. Differences in patient populations – The patients
examined in these studies are relatively uniform in
terms of sex (range of male sex = 74–79%) and age
(range of average age = 26–40).
5. Differences in non-steroid treatment protocols – The
only means of comparing the overall quality of
medical care is by comparing the mortality rates of the
control groups. Except for the study by Saul et al. (9),
who excluded deaths within 72 h of admission,
mortality rates were comparable (average for studies
with GC benefit = 45%; average for studies without
GC benefit = 40%).
6. Variability in steroid side effects – Side effects of GC
treatment (e.g., diabetes, susceptibility to infection,
gastric ulceration) were inconsistently reported
among the studies and were usually non-quantitative
when available. Where available, the reports of GC
side effects were insufficiently detailed to indicate if
CHT with and without ICH were afflicted differently.
3
In the GC treatment group, CT scan identified intracerebral
hemorrhage in 55%, subarachnoid hemorrhage in 39%, epidural
hemorrhage in 10%, and subdural hemorrhage in 22%. Clearly
these data indicate that multiple forms of hemorrhage were
identified within individual patients.
4
In the GC treatment group, CT scan identified subdural hemorrhage in 26% and epidural hemorrhage in 15%. Cases of subarachnoid and intraparenchymal hemorrhage were included
with those of traumatic brain swelling and no visible lesion,
amounting to 13% of the GC treatment group.
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As mentioned earlier, one possible explanation for the
inconsistent results obtained from the studies of GC
treatment in CHT may be the incidence of ICH. As shown
in Table 1, studies with ICH rates less than 25% (shown in
light gray) exhibited some clinical benefit of steroid treatment, whereas studies with ICH rates greater than 25%
(shown in dark gray) either showed no long-term benefit
of treatment or a worsened outcome with treatment.
The hypothesis that GC treatment is useful in CHT
patients with ICH, but ineffective in patients without
ICH, is further supported by several minor findings from
the studies listed in Table 1. GCs worsened clinical outcome in patients strongly suspect for ICH: in Gutterman
and Shenkin (11) and elsewhere in Dearden et al. (22)
(shown in white in Table 1), patients that required surgical intervention, which in most cases can be assumed to
be drainage of ICH; in Cooper et al. (14), patients with
‘focal’ brain injuries; and in Gutterman and Shenkin (11),
decerebrate patients, a condition frequently associated
with ICH (12). Saul et al.’s (9) report of improved outcome
with steroid treatment in patients that responded to surgical drainage of ICH further shows that removal of the
factor of ICH promotes GC therapy. In addition to being
consistent with the CHT literature, the hypothesis
advanced in this communication is supported by the
repeated observations that GCs fail to improve outcome
after atraumatic intracerebral hemorrhage (23,24).
It is hypothesized that some factor associated with
ICH antagonizes GC therapy in CHT. ICH may then (i)
induce GC-insensitive pathological mechanisms that do
not exist in CHT devoid of ICH, and/or (ii) increase an
otherwise GC-sensitive pathological burden of CHT
beyond the therapeutic efficacy of GC treatment.
Potential mechanisms underlying the hypothesis will be
discussed briefly in the next section.
MECHANISMS OF GLUCOCORTICOID INACTION
Evidence has been presented that in absence of ICH, GCs
are an effective treatment for CHT, and that some factor
associated with ICH may reduce the effectiveness of GC
therapy. An extensive study on the relation between
intracranial pressure and clinical condition after CHT (25)
supports the conclusion that different pathophysiological
mechanisms operate in CHT with and without ICH. In
CHT without ICH, the patient’s neurological condition
and clinical outcome are predicted by the degree of
intracranial hypertension: no such relationship exists in
CHT with ICH, highlighting the importance of factors
other than intracranial hypertension in this condition.
Furthermore, some of these ICH-dependent mechanisms
may account for the GC insensitivity of this condition.
If the hypothesis laid out earlier is acceptable then the
question arises as to what factors distinguish CHT with
© 2001 Harcourt Publishers Ltd
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and without ICH. Several possible explanations will now
be briefly discussed.
Vasospasm
Vasospasm is classically associated with subarachnoid
hemorrhage from ruptured cerebral aneurysms, but it
also can develop after CHT (26). Angiographic evidence
of vasospasm was observed in 19% of CHT patients (27)
and subsequently was associated with a worsened clinical
outcome (28). Vasospasm has been reported after traumatic subdural, epidural, subarachnoid, or intraparenchymal hemorrhage, as well as after nonhemorrhagic CHT
(29,30). These studies failed to describe the incidence of
vasospasm after each type of ICH, and no report of the
frequency of vasospasm after non-ICH CHT is available;
however, Lee et al. (28) have reported that vasospasm is
six times more common after traumatic subarachnoid
hemorrhage than after all other types of traumatic ICH
combined. Vasospasm is then an additional complication
of CHT that falls predominantly on those cases with ICH.
Since considerable evidence exists that vasospasm after
aneurysmal subarachnoid hemorrhage is reduced by GCs
(31–33) – albeit at unusually intense dosing (hydrocortisone 3g q2h for 12 h (34) – CHT vasospasm might similarly prove susceptible to GC treatment.
Blood coagulation, the complement system, and the
Hageman factor-kallikrein-kinin system
After CHT, activation of the coagulation cascade at sites
of endothelial injury produces microthrombi and small
vessel occlusion in the brain (35,36). This would be
expected, to some degree, after most CHT irrespective of
radiographically detected ICH. However, severe malfunction of blood coagulation, as occurs in disseminated
intravascular coagulation, is more commonly found in
CHT with ICH (particularly subdural hemorrhage) than
in nonhemorrhagic brain injury (37,38). Furthermore, the
development of disseminated intravascular coagulation is
promoted by GCs (39).
Proteins of the complement system are also carried
into contact with brain parenchyma during ICH.
Complement complexes are found in the brain after subarachnoid hemorrhage in patients who were treated with
betamethasone (40). In brain parenchyma complement is
activated by myelin and subsequently attacks oligodendrocytes (41), resulting in demyelination (42). Such
actions are quite possibly worsened by GC treatment,
since the production of complement proteins from
endothelium is increased by GCs (43).
In addition to its hemostatic role at sites of injured
endothelium, the Hageman factor (Factor XII) selfactivates after contacting certain membrane glycolipids
© 2001 Harcourt Publishers Ltd
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that are concentrated in the central nervous system (44).
The Hageman factor activates kallikrein, which attracts
neutrophils and causes them to produce free radicals
(45,46). Kallikrein, in turn, proteolytically activates
bradykinins, substances that directly induce brain edema
by promoting vasodilation and blood–brain barrier disruption (47–49). GCs decrease production and activation
of kallikrein in the kidney [50] and induce angiotensin
converting enzyme production (51), the inactivating
enzyme of bradykinin.
Free radicals
Oxygen free radicals damage membrane lipids, inhibiting
cellular function and ultimately causing cell death by disruption of lipid bilayer integrity. Oxygen free radical
production is initiated and amplified by extracellular iron
(52,53), which presumably increases after ICH (54;
demonstrated with zinc in 55). Thus, the extent of lipid
peroxidation and cell death that occurs after hemorrhagic CHT is expected to be greater than that occurring
after nonhemorrhagic CHT. GCs, which counteract lipid
peroxidation in experimental brain contusion (56), may
simply be overwhelmed in CHT with ICH by the oxidative potential that develops in the presence of high extracellular iron levels.
Another free radical, nitric oxide, is also associated
with brain injury (57–59), though its role in CHT has not
been specifically addressed. Nitric oxide has both damaging (60,61) and protective (62–65) actions. Since nitric
oxide is regulated both by hemoglobin (66) and GCs
(67), it is in a potentially important position to distinguish
between CHT with and without ICH.
Glutamate neurotoxicity
Exposure to high levels of glutamate kills neurons in culture and in vivo (68,69). Glutamate binding to NMDA- or
kainate-specific receptors5 stimulates production of nitric
oxide (73,74) (discussed above) and increases intracellular
calcium levels (75). High intracellular calcium levels
(i) stimulate the production of prostaglandins, compounds with established roles in nervous system injury
(76) and (ii) disrupt the mitochondrial membrane potential, thereby arresting cellular metabolism and allowing
damaging levels of free radicals to accumulate (77). High
levels of intracellular calcium are controlled in part by
sequestration into mitochondria (78).
5
The metabotropic glutamate receptor also is responsible for
some of glutamate’s neurotoxic properties (70), although its activation opposes the neurotoxicity of ionotropic glutamate receptors (71). Receptor binding studies in rats suggest that glutamate
release after CHT is predominantly onto NMDA receptors, however (72).
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Glutamate release is increased after experimental
brain injury by fluid percussion (79,80) and direct cortex
compression (81), and after subdural hematoma formation (82–85). Unfortunately, the neurological condition of
the experimental animals after injury was not described,
so the various models cannot be compared to determine
if glutamate release is differently affected by the presence
of blood. Glutamate in the extracellular space of the brain
is also increased in patients after CHT (86). Here, however, accurate comparison of the levels of glutamate in
the various types of CHT is complicated by the release of
glutamate-rich blood into the brain parenchyma after
surgical removal of contused brain.
Glutamate neurotoxicity is independently amplified by
both blood substances and GC treatment. Incubation of
primary cortical neurons with hemoglobin increased the
neurotoxic potency of NMDA, AMPA, and kainate (87),
independent of hemoglobin’s own neurotoxic potential
(88). Other substances from the blood that may be important in CHT with ICH include as-of-yet uncharacterized
serum proteins that inhibit calcium buffering by mitochondria (89). GCs potentiate glutamate neurotoxicity
(90), possibly by decreasing glial glutamate reuptake (91)
or augmenting glutamate release (92). It should be noted
that GCs themselves have some neurotoxic potential on
hippocampal neurons in vitro (93,94) and in vivo (95): the
duration and dosage of these experimental GC treatments are in excess of any GC therapeutic protocols,
however, and so this is not likely a clinical factor.
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