
Received: 3 January 2000 Abstract CT scanning is the current
first imaging technique to be used
after head injury, in those settings
where a CT scan is available. The
first scan is usually done without
contrast enhancement. The value of
CT is the demonstration of scalp,
bone, extra-axial hematomas and pa-
renchymal injury. It is rapid and eas-
ily done in the presence of the multi-
ple monitors that many trauma pa-
tients have in place. It can be used to
demonstrate the bony anatomy of the
spine and is good for evaluation of
abdominal and chest trauma also.
MRI is more sensitive for all post-
traumatic lesions other than skull
fracture and subarachnoid hemor-
rhage, and can demonstrate paren-
chymal spinal cord injury. The cons

are a longer scanning time, interfer-
ence of the imaging by certain ICP
monitors and problems with the po-
sitions of the monitoring equipment
and ventilators outside the MRI
magnetic field. MRI will be used in-
creasingly to study early head injury
because of its ability to measure ce-
rebral blood flow, cerebral blood
volume and the location and extent
of cerebral edema. If the CT does not
demonstrate pathology adequate to
account for the clinical state, MRI is
warranted. Follow up is best done
with MRI as it is more sensitive to
parenchymal change than is CT.
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Why

There are several requirements for the ideal imaging
system of the brain post-trauma. Any system that can
also image other areas of the body has some advantage
over one that cannot. The time requirement of the test
compared with the usefulness of the information pro-
duced is an important aspect of any test. Any possible
detrimental affects on the patient have to be weighed
against the benefits. The cost of both the actual test and
the equipment required to perform it are important, and
this is especially so in the poorer countries where the
ability to perform large numbers of studies may be more
important than certain details per study.

The imaging has to demonstrate the bone such that
fractures of all sorts can be identified. In addition, the
test must be sensitive to fresh bleeding in extradural,

subdural, subarachnoid, intraventricular and intracerebral
locations. The imaging should also demonstrate all the
various pathologies that can result from trauma: diffuse
axonal injury; cerebral swelling; contusion; intracerebral
hemorrhage; brain edema; ischemia; and infarction, in
both the brain stem and the cerebrum. Information such
as that of cerebral blood flow, CBF; cerebral blood vol-
ume, CBV; location of swelling or edema, intra- or ex-
tracellular, are likely to be required in the future for ideal
management and therefore need to be considered, even
though they are essentially research measurements at the
moment.

Any imaging test that is valuable in trauma must be
immediately available and able to accommodate very
sick patients and all the resuscitation equipment they
may have. The results must also be immediately avail-
able for viewing. The test should be readily repeatable
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and comparable with the last examination. The site of the
imaging equipment must be convenient to the ER and
ICU to avoid long transfer times for unstable patients.
Taking into consideration all the above requirements, the
CAT scan is currently assumed to be the most valuable
neuroimaging test for the acute clinical diagnosis of
post-traumatic brain pathology.

Additional considerations when deciding the “best”
imaging study after trauma are: what accumulated
knowledge is there on the reliability and predictability of
the clinical course related to the test findings; how well
studied is the imaging modality in head injury; is there a
diagnostic grading system that compares the imaging
findings to the clinical injury? Obviously the CT scan 
is the only imaging modality that fulfills these require-
ments at present [8, 9, 17, 18, 19]. One further question
that refers to the timing of the studies is: is the informa-
tion delivered by the primary imaging test the same in-
formation that is required from any later tests? Long
term outcome has been well correlated to delayed MRI
scanning in children [4, 5, 6, 11]. In adults correlation
studies have been examined with reference to CT scan.

When

The most common cause of death after head injury is as
a result of elevated intracranial pressure, and in most
studies that have examined ‘talk and die ‘patients,
missed intracranial mass lesions are the most frequent
finding in adults, whereas diffuse swelling, hyponatre-
mia and multiple contusion are the more common rea-
sons in children [10, 14, 15]. There are clues to the risk
of delayed deterioration, based on the type of injury, the
severity of the trauma, the results of the initial CT scan,
and abnormal clotting studies. Thus an imaging study of
the brain should be obtained, if possible, as soon as the
patient is stabilized. A study done too early may miss the
development of an epidural hematoma or a delayed intra-
cerebral hematoma. Most other lesions are already pres-
ent at the time of the initial scan in children. However in
those studies where serial scans have been compared, the
rate of change of the CT scan is 50% or more, within the
first 48 h [7, 16]. Mostly, the scans indicate a worsening
of the condition, but a percentage also show improve-
ment. An early imaging study in patients with a GCS of
≤8 is necessary as soon as the patient is stabilized.

All children who have surgery for removal of a mass
lesions should be scanned within 24 h for evaluation of
the extent of removal of the mass, and for assessment of
any recurrent hemorrhage. As noted, a large percentage,
50% or more, of CT scans in adults after head injury
show a change. The impression is that this is less com-
mon in children but the study of Stein and Spettell [16]
suggests a similar incidence of worsening in children.
Thus a second scan is usually required within the first 

48 h. The timing is dependent on the findings from the
first scan. Children with multiple contusions, extra-axial,
or intracerebral hematomas all require a second scan
within 24 h to have identified the possible need for surgi-
cal evacuation of a lesion. Children in whom the ICP is
high in the face of a rather normal first scan require a re-
peat scan within the first 24–48 h for the identification of
the pathological cause of the raised pressure: mass le-
sion, diffuse swelling, ventricular dilatation. If the ICP is
stable for several days and then rises, whether or not
there is a clinical change, a repeat scan is required to in-
vestigate the cause of the delayed rise in pressure: brain
edema, brain swelling, infarction or evidence of in-
creased CSF. In general, any change in clinical examina-
tion, or monitored parameters that is unexpected is an in-
dication that a repeat scan should be considered, since
the pathology of head injury changes with time.

A scan is usually performed prior to the removal of
the ICP monitor in children who have been unconscious
for more than 3 days. Later scans are done, based on the
clinical progress and the findings on previous scans. The
frequency with which delayed follow-up scans are ob-
tained will vary with the ability to obtain such scans.
Usually a scan is carried out approximately 3 months af-
ter trauma, then one at 6 months and one at 1 year after
trauma. These scans are used to predict the risk of long
term dysfunction and to rule out late problems such as
hydrocephalus and chronic subdurals.

Which

In the few papers that have compared CT and MRI scans
after trauma, the MRI scan has proven superior for every
pathology other than skull fracture and subarachnoid
hemorrhage [1, 2, 3, 13, 20]. The ability to identify even
epidural and subdural hematomas appears to be approxi-
mately 30% better for MRI. These studies do not demon-
strate a clinical care deficit related to the lower sensitivi-
ty of CT scanning, but the sensitivity and specificity for
extracerebral lesions appears better for MRI. In addition
MRI is much more sensitive to the presence of intrapa-
renchymal injury; edema, diffuse axonal injury, contu-
sions and hematomas (Figs. 1, 2). Based on the small
amount of comparative information available from chil-
dren, the most sensitive neuro-imaging study following a
head injury appears to be the MRI scan.

Despite the greater sensitivity of the MRI scan, the
CT scan remains the most common imaging test after
head trauma. The reasons are: the ease of obtaining the
study; the speed of the study; and the ability to easily im-
age the spine for bony injury and the abdomen or chest
for traumatic injury, at the same sitting as for the head
scan. The subtle findings that are less well seen on CT
scan than on MRI scan do not appear to be clinically sig-
nificant. The newer CT scans that will be even faster,
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with better resolution, will further support the selection
of the CT scan as the primary neuro-imaging study after
head trauma.

Selective use of the MRI scan in the early stages of
traumatic injury will increase in the next few years. The
ability to measure CBF, CBV and to identify the location
of edema fluid, intra- or extracellularly, is now possible.
It is hoped that this information, with the addition of
MRI spectroscopy, will allow the clinician to subdivide
further the types of head trauma, and to define better,
certain aspects of pathology. These will be the location
of ongoing ischemia, if it exists; the frequency of vaso-
genic edema and its contribution to elevated intracranial
pressure; and the presence and distribution of intracellu-
lar edema and its potential role in elevated ICP. The val-
ue of early MRI scanning will be defined dependent on
the effects of these findings on the therapy, and ultimate-
ly the outcome, of head injured children. Even if a better

definition of the pathology of head injury can be ob-
tained with the use of MRI scanning, and that informa-
tion can be used either to develop new therapies or to
better select the currently available therapies, it seems
unlikely that MRI will replace CT as the primary diag-
nostic procedure. It is more likely that the information
gained by the MRI studies will be converted into clinical
treatments based on CT comparison and clinical data
such as the type of trauma, presence of hypoxia or hypo-
tension and presence of other injuries. In this manner,
advances in therapy can be available to all head injured
children even if a MRI scanner is not available.

Factors favoring CT scan

The CT scan has a long track record of use in head in-
jured children. The study is readily available in most
centers and can easily be repeated. Patients with all their
resuscitation equipment can be accommodated in the 
CT scan without difficulty. The scanning time is short, 
5 min. All major pathologies can be identified and 
surgical lesions diagnosed. The bony spine can be im-
aged at the same time as the brain. The abdomen and
chest can be scanned with relatively little additional
time – 30 min.
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Fig. 1A, B CT and MRI scans within the first 48 h of trauma. CT
demonstrates the diffuse axonal injury much less well than does
the MRI scan. The superior two images are CT scans, the inferior
two are MRI scans

Fig. 2A, B CT and MRI scans of early cortical contusion. MRI
demonstrates the lesion much better than CT 



CBF and CBV [12] can be measured but this re-
quires the addition of stable xenon for the first study
and a contrast bolus for the second, adding consider-
ably to the time required for the study. Xenon is not
available in most imaging departments. While these in-
vestigations have been applied to research groups of
patients they have not become part of the standard trau-
ma imaging.

Factors against CT as the best study

The most serious deficiency is the lack of ability to dis-
cern small extracerebral lesions especially in the poste-
rior fossa. This deficiency is also true for the extent of
DAI, early contusions, the ability to diagnose early 
ischemia, current ischemic areas and the location and
extent of increased tissue water. However none of these
minor lacks of sensitivity seem to be of any clinical sig-
nificance. In addition the CT is limited in value for fol-
low-up compared with the MRI. The latter has been
shown to correlate better with clinical and cognitive re-
covery.

Factors favoring the MRI scan

The extreme sensitivity and specificity in the diagnosis
of all the lesions associated with intracranial trauma.
The ability of the scan to measure blood flow, and blood
volume, and to identify the location of any increased
brain water. Its ability to image the blood vessels in the
cranium. The sensitivity to soft tissue injury of the
spine. The potential to identify areas of post-ischemic
injury and possibly on going ischemia with the use of
spectroscopy. Also there are many studies correlating
clinical and cognitive recovery with findings, or the lack
of them, on MRI scans making them potentially better
predictors of ultimate recovery. If an early MRI scan
can be shown to accurately predict outcome, it would be
another reason for considering early MRI scanning after
trauma.

Factors against MRI as the best study

The lack of immediate availability in most centers is the
single most limiting factor in the application of MRI as
the primary study following trauma. The length of the
study is a problem if the patient is unstable. Also, be-
cause of the limitations of the equipment that can be ac-
commodated in the MRI scanning suite, it is not a user-
friendly environment for the multiple trauma patient to
be in. The information on other organ system scanning is
not as complete as it is for the CT scan. In addition, the
lack of good bone definition is a deficit as is the ability

to identify and quantitate the amount of subarachnoid
hemorrhage. Finally there is the cost of the equipment
and the need to have technicians constantly on call. Also,
to maximize the value of the MRI it really requires a
neuroradiologist to decide on the best sequencing for
each patient. This necessitates having a radiologist with
MRI experience on call and in-house.

Conclusions

The current recommendation for children with severe
head injury is for a neuroimaging study to be done as
soon as the patient is stabilized. This will usually be a
CT scan without contrast. In the next few years, a host of
new information on the use of the MRI scan as the pri-
mary study is likely to be forthcoming. It seems certain
that these studies will add to our knowledge of the early
and developing pathology of head injury, and hopefully
will lead to more rational protocols for therapy. Whether
the MRI scan will replace the CT scan as the primary
study following trauma will depend on improvements in
the speed of imaging, improved environment in the MRI
scanning suite for the multiple pieces of equipment that
accompany the trauma patient and on whether the early
MRI scan is shown to be of clinically more value than
the CT scan. At present it seems more likely that the pri-
mary study will be a CT scan and, depending on the pa-
thology shown on the first study, the follow-up studies
may be MRI. This will be especially true in patients with
diffuse swelling, diffuse axonal injury or a normal CT
scan.

Repeat imaging studies will be performed depending
on the patient’s condition. Alterations in clinical exami-
nation or ICP are reasons for repeat imaging. Patients
who have a mass lesion evacuated will usually be re-im-
aged within24 h. Most other patients will have a repeat
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Table 1 Proposed schema for post-trauma imaging

Study Timing Plain/contrast

Timing of CT imaging studies after head trauma
Initial study As soon as the patient is stable Plain
Second study Within 24 h of surgery Plain

24–48 h post-trauma
Any change in clinical state or Plain
unexpected change in ICP

Further studies Before removing ICP monitor Plain
Any deterioration in clinical state
1–3 months post-trauma Plain
6–12 months post-trauma Plain

Current use of MRI
Initial scan At time of second CT 

(depending on clinical state)
Follow up 1–3 months

12 months



imaging study within 48 h, based on the high incidence
of changes on the second CT scan. An imaging study is
usually performed in patients who have had ICP moni-
toring and therapy for its control for more than 3 days.

Follow up scans, which are probably best to be MRI
if available, are performed depending on the clinical
course. Routine scans are usually obtained at 3 months
and 1 year post-trauma (Table 1).

759

References

1. Gentry LR, Godersky JC, Thompson
B, Dunn VD (1988) Prospective com-
parative study of intermediate-field
MR and CT in the evaluation of closed
head trauma. Am J Roentgenol
150:673–682

2. Gusnard DA, Zimmerman RA (1990)
Computed tomography versus magnet-
ic resonance imaging of the pediatric
central nervous system. Techniques, in-
dications, and examples. Clin Pediatr
29:136–157

3. Kelly AB, Zimmerman RD, Snow RB,
Gandy SE, Heier LA, Deck MD (1988)
Head trauma: comparison of MR and
CT–experience in 100 patients. Am J
Neuroradiol 9:699–708

4. Levin HS, Culhane KA, Mendelsohn
D, Lilly MA, Bruce D, Fletcher JM,
Chapman SB, Harward H, Eisenberg
HM (1993) Cognition in relation to
magnetic resonance imaging in head-
injured children and adolescents. 
Arch Neurol 50:897–905

5. Levin HS, Culhane KA, Fletcher JM,
Mendelsohn DB, Lilly MA, Harward
H, Chapman SB, Bruce DA, Bertolino-
Kusnerik L, Eisenberg HM (1994) 
Dissociation between delayed alterna-
tion and memory after pediatric head
injury: relationship to MRI findings. 
J Child Neurol 9:81–89

6. Levin HS, Mendelsohn D, Lilly MA,
Yeakley J, Song J, Scheibel RS, 
Harward H, Fletcher JM, Kufera JA,
Davidson KC, Bruce D. (1997) Mag-
netic resonance imaging in relation to
functional outcome of pediatric closed
head injury: a test of the Ommaya-
Gennarelli model. Neurosurgery
40:431–440

7. Lobato RD, Gomez PA, Alday R, 
Rivas JJ, Dominguez J, Cabrera A, 
Turanzas FS, Benitez A, Rivero B
(1997) Sequential computerized to-
mography changes and related final
outcome in severe head injury patients.
Acta Neurochir (Wien) 139:385–391

8. Magu S, Mishra DS, Gandhi SB (1998)
Evaluation of computed tomograms in
paediatric head trauma. J Indian Med
Assoc 96:13–15

9. Marshall LF, Marshall SB, Klauber
MR, Van Berkum Clark M, Eisenberg
H, Jane JA, Luerssen TG, Marmarou
A, Foulkes MA (1992) The diagnosis
of head injury requires a classification
based on computed axial tomography. 
J Neurotrauma 9 [Suppl] 1:S287–292

10. Marshall LF, Toole BM, Bowers SA
(1983) The National Traumatic Coma
Data Bank. Part 2: Patients who talk
and deteriorate: implications for treat-
ment. J Neurosurg 59:285–288

11. Mendelsohn D, Levin HS, Bruce D,
Lilly M, Harward H, Culhane KA, 
Eisenberg HM (1992) Late MRI after
head injury in children: relationship to
clinical features and outcome. Childs
Nerv Syst 8:445–452

12. Muizelaar JP, Fatouros PP, Schröder
ML (1997) A new method for quantita-
tive regional cerebral blood volume
measurements using computed tomo-
graphy. Stroke 28:1998–2005

13. Orrison WW, Gentry LR, Stimac GK,
Tarrel RM, Espinosa MC, Cobb LC
(1994) Blind comparison of cranial CT
and MR in closed head injury evalua-
tion. Am J Neuroradiol 15:351–356

14. Ramadan, A, Berney J, Reverdin A,
Rilliet B, Bongioanni F (1986) Study
of the deterioration factors in adult 
patients with cranio-cerebral injuries
who talk and die. Neuro-Chirurgie
32:423–432

15. Reilly PL, Graham DI, Adams JH, 
Jennett B (1975) Patients with head 
injury who talk and die. Lancet
2:375–377

16. Stein SC, Spettell CM (1995) Delayed
and progressive brain injury in children
and adolescents with head trauma.
Pediatr Neurosurg 23:299–304

17. Tomei G, Sganzerla E, Spagnoli D,
Guerra P, Lucarini C, Gaini SM, 
Villani R (1991) Posttraumatic diffuse
cerebral lesions. Relationship between
clinical course, CT findings and ICP. 
J Neurosurg Sci 35:61–75

18. Yealy DM, Hogan DE (1991) Imaging
after head trauma. Who needs what?
Emerg Med Clin North Am 9:707–717

19. Zee CS, Go JL (1998) CT of head trau-
ma. Neuroimaging Clin North Am
8:525–539

20. Zimmerman RA, Bilaniuk LT (1994)
Pediatric head trauma. Neuroimaging
Clin North Am 4:349–366


