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Prospective Comparative Study of
Intermediate-Field MR and CT in
the Evaluation of Closed Head
Trauma

Forty patients with closed head trauma were evaluated prospectively with CT and
intermediate-field-strength MR imaging to compare the diagnostic efficacies of the two
techniques. Traumatic lesions were detected in 38 patients. The severity of injury, as
determined by the Glascow Coma Scale, ranged from 3 to 14. The sensitivities of CT
and MR were calculated for all subgroups of lesions: (1) hemorrhagic and nonhemor-
rhagic intraaxial lesions (diffuse axonal injury, cortical contusion, subcortical gray-matter
injury, primary brainstem injury); (2) extraaxial hematomas (subdural, epidural); and (3)
diffuse hemorrhage (subarachnoid, intraventricular).

CT and MR (T1- and T2-weighted) studies were both highly and comparably sensitive
in the detection of hemorrhagic intraaxial lesions. MR scans, however, were much more
sensitive in detecting nonhemorrhagic lesions. Cortical contusions and diffuse axonal
injury constituted 91.9% of all intraaxial lesions. The sensitivities of the imaging tech-
niques for this combined group of lesions were (1) nonhemorrhagic lesions (CT = 17.7%,
T1-weighted MR = 67.6%, T2-weighted MR = 93.3%); (2) hemorrhagic lesions (CT =
89.8%, T1-weighted MR = 87.1%, T2-weighted MR = 92.5%). MR was also significantly
better in detecting brainstem lesions (CT = 9.1%, T1-weighted MR = 81.8%, T2-weighted
MR = 72.7%). The sensitivities of the diagnostic studies in the detection of extraaxial
hematomas were CT = 73.2%, T1-weighted MR = 97.6%, T2-weighted MR = 90.5%).
Intraventricular hemorrhage was consistently seen with all three imaging studies, but
subarachnoid hemorrhage was detected much more frequently with CT.

In summary, MR has clear advantages over CT in evaluating closed head trauma.
Although its sensitivity in detecting hemorrhagic lesions is similar to that of CT, it is
much better than CT in detecting nonhemorrhagic lesions, which are more prevalent.
MR is more useful than CT in classifying primary and secondary forms of injury and
directing treatment. CT’s one advantage over MR is its ability to more rapidly assess
unstable patients who may need surgery.

During the past decade, CT has contributed significantly to the management of
patients with closed head trauma [1-9]. CT has improved the survival and reduced
the morbidity of patients with closed head trauma, primarily through the early
recognition and treatment of extracerebral hemorrhage [1, 2, 5-9]. CT has been
less beneficial, however, in the recognition and management of other types of
cerebral injury [3-5, 9-14]. In the acute phase, CT findings often do not correlate
with neurologic impairment or the level of consciousness as measured by the
admission Glascow Coma Scale (GCS) [9-15]. Although certain CT findings are
associated with a poor outcome [3, 16-22], the extent of posttraumatic recovery
of neurologic and cognitive function is generally not reliably predicted from the
pattern of injury on the initial CT scan [5, 9-13]. The lack of correlation of CT
findings with the acute and chronic sequelae of closed head trauma is due, in part,
to the insensitivity of CT to many types of cerebral injuries [3, 9-11, 19]. Although
MR imaging has been shown to be more sensitive than CT in detecting many
diseases involving the CNS, it has not been extensively used for the evaluation of
acute closed head trauma. A few reports deal only with subacute or chronic
posttraumatic extracerebral hematomas [23-26]. A number of investigators have
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studied the MR appearance of hemorrhagic lesions, but many
of these lesions were not posttraumatic in nature [27-33]. A
few series of patients with closed head trauma have also
been studied by MR [34-39]. But one of these series was
very small [35], and others included patients in the subacute/
chronic phase of injury [37-39]. A large prospective compar-
ative study of CT and intermediate-field-strength MR has not
been reported. In this study, we prospectively evaluated 40
patients with acute closed head trauma to determine (1) the
feasibility of MR for evaluating these patients and (2) the
relative sensitivities of CT and MR for detecting various types
of cerebral injuries.

Subjects and Methods

A prospective comparative study of the usefulness of CT and MR
for the evaluation of 40 patients with acute closed head trauma was
initiated after approval of the protocol by our hospital’s institutional
review board. Inclusion in the study required a thorough neurologic
evaluation and determination of the level of consciousness (GCS)
[40] by an experienced neurosurgeon or neurologist within 6 hr of
admission to the hospital. Patients who experienced transient loss of
consciousness without focal neurologic deficits and who had com-
plete recovery of consciousness within the first 12 hr were excluded
from the study. Also excluded were patients who died shortly after
hospitalization, those with contraindications to MR scanning, and
those with multisystem trauma who were medically unstable. The
age of the patients ranged from 1 month to 82 years (mean, 26.6
years). Eight female and 32 male patients constituted the study group.
The severity of injury, as measured by the admission GCS, ranged
from 3 to 14 (mean, 9.8).

The MR scans were obtained as soon as possible after injury but
only after the patients were considered stable. The interval from injury
to MR evaluation was 2-19 days (mean, 7.6; median, 5-6). The
intervals between CT and MR studies for the study population are
summarized in Table 1. Those patients with the most severe injuries
were usually evaluated after the intracranial pressure had stabilized.
Twelve patients were examined with MR while being mechanically
ventilated with a fluidic ventilator, as recently described by Dunn et
al. [41]. This was accomplished by modification of a Monaghan 225
SIMV Volume Ventilator* to eliminate ferromagnetic material from the
supporting stand.

Nonenhanced CT scans were obtained in all patients within the
first 24 hr after trauma by using a fourth-generation scanner.' A slice
thickness of 8 mm was used in all instances. MR was performed with
a 0.5-T cryogenic system.* Thirty-nine patients were examined with
both T1- and T2-weighted pulse sequences while one patient was
studied only with a T2-weighted sequence. Scans were obtained with
a contiguous interleaved multislice technique with a slice thickness
of 10 mm. The T2-weighted scans were obtained with a spin-echo
sequence with a repetition time (TR) of 2300-2900 msec and echo
time (TE) of 80-120 msec. T1-weighted scans were obtained in 37
patients with an inversion-recovery sequence with a TR of 2000-
2300 msec and inversion time (Tl) of 500-600 msec and in 12 patients
with a spin-echo sequence (TR = 400-1000 msec, TE = 25-40
msec). Two or more imaging planes were used in 34 of 40 patients.
Images were obtained in the axial plane in 39 patients, while the
coronal and sagittal planes were used in 31 and 5 patients, respec-
tively.

* Monaghan Medical Corp., Plattsburg, NY.
' Picker 600/1200 scanner (Picker International, Highland Heights, OH).
* Picker International, Highland Heights, OH.
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TABLE 1: Time Interval Between Head Trauma and CT and MR
Scans

No. of Patients

No. of . First Closest
Days Injury-MR CT-MR CT-MR
Scan Scah Scan®
0 0 1 4
1 0 6 -
2-5 21 20 21
6-8 11 8 4
9-12 4 4 1
13-19 4 1 1

“The CT scan closest to the time of the MR scan.

TABLE 2: Classification and Frequency of Primary Traumatic
Brain Lesions in 40 Patients

. : No. of Total No.
Type: Location Patients® of Lesions
Intraaxial lesions:
Diffuse axonal 34 149
Cortical contusion 31 135
Subcortical gray matter 8 14
Primary brainstem 10 11
Total 38 309
Extraaxial hematoma:
Subdural 26 39
Epidural 3 3
Total 27 42
Diffuse hemorrhage:
Subarachnoid 20 20
Intraventricular 1 1
Total 25 31

“ Some of the 40 patients had more than one type of lesion.

The MR and CT scans were analyzed independently, and all
visualized abnormalities were classified [42]. An attempt was made
to differentiate between injuries resulting from the initial traumatic
force (primary) and those arising from delayed posttraumatic (sec-
ondary) causes such as diffuse brain swelling, brain displacement
and herniation, delayed hemorrhage, cerebral infarction, and diffuse
hypoxic injury [42]. In many instances it was difficult to separate
primary and secondary damage. For purposes of statistical analysis,
however, all focal abnormalities that were not obviously secondary in
nature were classified as primary lesions (Table 2). Primary intracra-
nial lesions were classified as (1) intraaxial lesions; (2) extraaxial
hematomas (subdural, epidural); and (3) diffuse hemorrhage (intra-
ventricular, subarachnoid). Intraaxial lesions were subclassified as
diffuse axonal injury (white-matter “shear” injury), cortical contusion,
subcortical gray-matter injury, or primary brainstem injury. All intraax-
ial lesions were further separated into hemorrhagic and nonhemor-
rhagic subsets.

We used the following criteria to classify a lesion as hemorrhagic
on MR. On T1-weighted images we required that the shortening of
T1 by the paramagnetic properties of methemoglobin be of sufficient
degree that the hematoma was at least partially hyperintense relative
to white matter (Fig. 1). On T2-weighted images we required the
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A B C

Fig. 1.—19-year-old man 2 days after head trauma.

A, Axial CT scan shows large basal ganglia intracerebral hematoma (H) with surrounding edema as well as intraventricular hemorrhage (arrows).

B, and C, T1-weighted inversion-recovery (TR = 2100 msec, Tl = 600 msec) (B) and T2-weighted spin-echo (TR = 2300 msec, TE = 80 msec) (C) scans
confirm hematoma and intraventricular hemorrhage (open arrows). Large nonhemorrhagic diffuse axonal lesion is in splenium of corpus callosum (curved
arrows), and bilateral subcortical gray matter lesions (arrowheads) are seen. Note.—Acute hematoma is hyperintense relative to brain parenchyma on
T1-weighted image and hypointense on T2-weighted image. Intraventricular hemorrhage is hyperintense relative to CSF on T1- and T2-weighted scans

and isointense relative to white matter on T1-weighted scan.

presence of central hypointensity within the hematoma. As recently
described by Gomori et al. [30], central hypointensity in acute he-
matomas appears to be secondary to preferential T2 proton relaxa-
tion enhancement caused by methemoglobin or deoxyhemoglobin
within intact RBCs (Figs. 1 and 2).

After initial individual analysis, the CT and MR scans were com-
pared and the total number of lesions in each category determined.
Since autopsy confirmation of the lesions was only possible in one
patient, we required that a lesion be seen on more than one study
(CT, T1-weighted MR, T2-weighted MR) or imaging plane (axial,
sagittal, coronal) to be regarded as a true traumatic lesion. Equivocal
abnormalities seen on only one study or imaging plane were omitted
from further analysis. The sensitivities of CT and MR were determined
from the tabulated data. Separate calculations were made for each
MR pulse sequence, imaging plane, and category of intraaxial and
extraaxial lesion. The influence of hemorrhage on lesion detectability
was also assessed.

Results
Intraaxial Lesions

The most common type of traumatic lesion identified in this
series was diffuse axonal injury [21, 42-46]. These lesions
have also been called shear lesions [3, 45] or diffuse damage
to the white matter of the immediate-impact type [10, 13,
46]. These lesions typically were less than 1 cm in greatest
dimension, spared the adjacent cortical surface of the brain,
and were located entirely within white matter or at the gray-/
white-matter interface. The vast majority (81.2%) of these
lesions were nonhemorrhagic (Table 3). In the nonhemor-
rhagic subset there was a marked difference in the sensitivi-

ties of the three imaging studies. T2-weighted MR was most
sensitive, detecting 92.4% of lesions. CT was very insensitive,
detecting only 19% of lesions. Diffuse axonal lesions were
typically seen by CT only if larger than 1.5 cm or located in
the corona radiata or internal capsule. Small nonhemorrhagic
lesions in other locations were rarely seen by CT (Figs. 2 and
3). T1-weighted MR was also more sensitive (72.3%) than
CT (19.0%) but less sensitive than T2-weighted MR. For the
hemorrhagic subset, the sensitivities of all three imaging
methods were quite high and very similar (T2-weighted MR,
91.3%; T1-weighted MR, 86.2%; CT, 85.7%) (Table 3).

The second most common type of traumatic lesion seen in
our series was that involving the cortical surface of the brain
(cortical contusion) [13, 43]. These lesions were usually much
larger than diffuse axonal lesions, often being 2-4 cm in
greatest dimension (Figs. 4-6). By definition, they were pri-
marily localized to the cortical surface of the brain with relative
sparing of the underlying white matter. There was a great
tendency for confluence of the lesions and associated hem-
orrhage. Hemorrhage was detected in 51.8% of cortical con-
tusions in this series (Table 3). All three imaging methods
were very sensitive in the detection of hemorrhagic cortical
contusions (T2-weighted MR, 92.4%; T1-weighted MR,
87.5%; CT, 91.4%). The true size of the lesion (hemorrhagic
and nonhemorrhagic components), however, was usually
underestimated by both CT and T1-weighted MR (Figs. 4-6).

T2-weighted MR was significantly more sensitive (95.0%)
in the detection of nonhemorrhagic cortical contusions than
was T1-weighted MR (58.3%) or CT (15.4%) (Figs. 4-6). In
some instances a lesion could be indirectly suspected on CT
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scans by local mass effect (ventricular or sulcal effacement),
but the lesion itself was often not apparent. This was because
the contrast between the normal and injured cortex was
typically very low on CT scans. The relative insensitivity of
T1-weighted MR was from very low contrast differences
between normal cortex; surrounding CSF; and edematous,
contused cortex (Fig. 5). The T1-weighted spin-echo images
were slightly more sensitive than inversion-recovery images
in lesion detection, although the latter were superior for
anatomic delineation.

Only 14 lesions were confined entirely to the subcortical
gray matter. These involved the thalamus and lentiform nu-
cleus (Fig. 1) and were similarly distributed between the
hemorrhagic and nonhemorrhagic subsets (Table 4). The
pattern of sensitivities for this small but clinically important
[13, 44] number of lesions was similar to that for diffuse
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Fig. 2.—19-year-old man.

A, Axial CT scan 1 day after head trauma
shows very subtle 0.5-cm hemorrhagic lesion
(arrow) consistent with diffuse axonal injury in
deep white matter.

B-D, Axial T1-weighted inversion-recovery
MR image (TR = 2100 msec, Tl = 600 msec) (B),
axial T2-weighted spin-echo MR image (TR =
2300 msec, TE = 80 msec) (C), and coronal T2-
weighted spin-echo MR image (TR = 2300 msec,
TE = 80 msec) (D) 2 days after head trauma
confirm hemorrhagic diffuse axonal lesion (ar-
rows) as well as multiple other nonhemorrhagic
diffuse axonal lesions (arrowheads).

The presence of acute hemorrhage is indi-
cated on T2-weighted images (C and D) by cen-
tral hypointensity (arrows). Note that the small
hemorrhage is not hyperintense 2 days after
trauma on T1-weighted image, as methemoglo-
bin has not yet formed (D). Also present are
multiple other hemorrhagic and nonhemorrhagic
lesions.

axonal injury and cortical contusion. Hemorrhagic lesions
were detected accurately by all three examinations, while
nonhemorrhagic lesions were poorly visualized with CT.

Eleven brainstem lesions, thought to be primary lesions,
were identified in 10 patients. All but one of the lesions were
initially detected with MR. The lesion that was not seen initially
by MR was identified retrospectively. T1- and T2-weighted
images were similarly sensitive, detecting nine and eight
lesions, respectively (Table 4). CT identified only one (hem-
orrhagic) brainstem lesion.

Extraaxial Hematomas

Thirty-nine subdural hematomas were identified in 26 pa-
tients. Thirty were supratentorial and located along the con-
vexity, eight were interhemispheric or along the tentorium,
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TABLE 3: Sensitivities of CT and MR in the Detection of Cortical Contusions and Diffuse Axonal Injury

True Positive/Total = % Sensitivity

Lesion: Study

Diffuse Axonal Injury Cortical Contusion Total
(n = 149) (n=135) (n = 284)

Nonhemorrhagic n=121 n =65 n =186

CT 23/121 =19 10/65 = 15.4 33/186 = 17.7
T1-weighted MR:

Axial 53/68 = 77.9 21/38 = 55.3 75/106 = 69.8

Coronal 33/51 = 64.7 14/22 = 63.6 47/73 = 64.4

Both views 86/119 =723 35/60 = 58.3 121/179 = 67.6

T2-weighted MR:

Axial 114/121 = 94.2 62/65 = 95.4 176/186 = 94.6
Coronal 43/49 = 87.8 33/35 =943 76/84 = 90.5
Both views 157/170 = 92.4 95/100 = 95 252/270 = 93.3
Hemorrhagic: n=28 n=70 n =98
CT 24/28 = 85.7 64/70 = 91.4 88/98 = 89.8
T1-weighted MR:
Axial 18/22 =81.8 39/43 = 90.7 57/65 = 87.7
Coronal 7/7 =100 24/29 = 82.8 31/36 = 86.1
Both views 25/29 = 86.2 63/72 = 87.5 88/101 = 87.1
T2-weighted MR:
Axial 26/28 = 92.9 65/70 = 92.9 91/98 = 92.9
Coronal 16/18 = 88.9 32/35=91.4 48/53 = 90.6
Both views 42/46 = 91.3 97/105 = 92.4 139/151 = 92.5

Note.—Some totals are greater than the number of lesions because more than one scan plane was used for some T1- and T2-weighted pulse sequences.

Fig. 3.—18-year-old man.

A, Axial CT scan 1 day after cranial trauma appears normal except for very subtle subdural hematoma (arrowheads).

B and C, T2-weighted spin-echo MR images (TR = 2300 msec, TE = 80 msec) 9 days after trauma. Subdural hematoma (arrowheads) is more easily
appreciated on MR. Also present are focal nonhemorrhagic diffuse axonal lesions at gray-/white-matter interface (straight arrows) of frontal lobe and in
splenium of corpus collasum (curved arrow), not apparent on CT.

and one was infratentorial. T1-weighted MR identified all but lesions that were less than 3 mm thick. All lesions missed by
one (97.4%) 2-mm interhemispheric lesion that was isointense T2-weighted MR, however, were hyperintense on T1-
relative to adjacent brain parenchyma. T2-weighted MR iden- weighted MR and easily visible.

tified 89.7% of the subdural lesions, missing four isointense Only 27 (71.1%) of 38 subdural hematomas were detected
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Fig. 4.—17-year-old man.

A, Axial CT scan 1 day after cranial trauma reveals left subdural hematoma (arrowheads), bilateral hemorrhagic cortical contusions of inferior aspects
of frontal lobes (solid arrows), and nonhemorrhagic diffuse axonal lesion of internal capsule (open arrow).

B and C, T1-weighted inversion-recovery MR image (TR = 2100 msec, Tl = 600 msec) (B) and T2-weighted spin-echo MR image (TR = 2300 msec, TE
= 80 msec) (C) 5 days after trauma confirm left subdural (arrowheads) and small right subdural (curved arrows) hematomas. Bifrontal hemorrhagic cortical
contusions (straight solid arrows) and nonhemorrhagic diffuse axonal internal capsule lesion (open arrows) are also seen. Extent of contusions is seen
more clearly on T2-weighted scan. Also note hyperintensity of acute subdural hematoma on T1-weighted image but relative isointensity on T2-weighted

image.

Fig. 5.—25-year-old man.

A, Axial CT scan 1 day after cranial trauma reveals bifrontal hemorrhagic contusions (arrows).

B and C, T1-weighted inversion-recovery MR image (TR = 2100 msec, Tl = 600 msec) (B) and T2-weighted spin-echo MR image (TR = 2300 msec, TE
= 80 msec) (C) 5 days after trauma confirm bifrontal hemorrhagic contusions (straight solid arrows). There is also a nonhemorrhagic contusion of temporal
lobe (curved arrows) and nonhemorrhagic diffuse axonal lesion in corpus callosum (open arrows). On T1-weighted image, note low level of contrast
between edematous and normal temporal lobe cortex (curved arrow).

on the initial CT scan. All of the 11 subdural hematomas that hematomas were visualized retrospectively when CT scans
were missed by CT were considered clinically insignificant. were compared with MR scans. One large hematoma (14
Only one of 11 missed subdural hematomas was more than mm) had obviously developed between the initial CT and MR
5 mm thick; most were 1-3 mm. Five of these 11 subdural examinations and was excluded from statistical consideration.
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Fig. 6.—18-year-old man.

A and B, Axial CT scans 1 day after trauma
reveal acute epidural hematoma (arrows) and
several small frontotemporal petechial hemor-
rhagic contusions (arrowheads). Follow-up CT
scan 2 days later (not shown) was unchanged.

C, Coronal T1-weighted inversion-recovery
MR image (TR = 2100 msec, Tl = 600 msec) 6
days after trauma reveals epidural hematoma
(curved arrow) similar in intensity to adjacent
parenchyma. It also shows adjacent temporal
lobe hemorrhagic contusion (straight arrow).

D and E, Axial T2-weighted MR images (TR =
2300 msec, TE = 80 msec) also show acute
epidural hematoma (curved arrows), which is
iso-/hypointense relative to brain. Displaced
dura (straight solid arrow) is seen between he-
matoma and adjacent brain. T2-weighted scans
more clearly show extent of nonhemorrhagic
zones of injury around small frontotemporal pe-
techial hemorrhagic contusions (arrowheads).
Multiple nonhemorrhagic left frontotemporal
contusions are also seen (open arrows).
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TABLE 4: Relative Sensitivities of CT and MR in the Detection of Primary Brainstem and Subcortical Gray-Matter Lesions

True Positive/Total = % Sensitivity

Type of Lesion No.
CT T1-Weighted MR T2-Weighted MR
Primary brainstem 11 1/11 =91 9/11=81.8 8/11 =727
Subcortical gray 14 8/14 =571 10/14=71.4 14/14 =100.0

All three epidural hematomas identified in this series were
larger than 5 mm in thickness and were readily seen by CT
and T1- and T2-weighted MR (Fig. 6).

Diffuse Hemorrhage

In 20 patients there was enough subarachnoid blood after
trauma to be recognizable on CT. In seven instances only a
small amount of blood was present adjacent to a hemorrhagic
cortical contusion. The blood was diffuse in 10 cases, local-
ized to the sylvian fissure in two instances, and confined to
the interpeduncular cistern in one patient. T2-weighted MR
detected only those three focal clots within the sylvian and

interpeduncular cisterns. We did not identify any subarach-
noid clots with T1-weighted MR scans in this series.

Eleven of 40 patients had evidence of intraventricular hem-
orrhage. The majority of the patients had only a trace of blood
and it was limited to the occipital horns, although in one case
blood was also present in the third ventricle. Intraventricular
hemorrhage was seen with T2-weighted MR in all 11 in-
stances, with CT in nine cases, and with T1-weighted MR in
five of seven patients whose scans included the region in
which the blood was localized. In four patients, coronal T1-
weighted scans were not obtained through the occipital horns.
Intraventricular hemorrhage was always visualized on T2-
weighted spin-echo scans (TR = 2300 msec, TE = 80 msec)



as an area of hyperintensity within the dependent portion of
the occipital horns (Fig. 1). On T1-weighted inversion-recovery
scans (TR = 2100 msec, Tl = 600 msec), the blood was
always hyperintense relative to CSF and, depending on its
age, either iso- or hyperintense relative to white matter.

Discussion

The best diagnostic imaging test for the evaluation of
traumatic brain injury should possess a number of character-
istics. It should be highly sensitive and specific, provide useful
anatomic information for guiding therapeutic intervention, al-
low classification of the type of injury, offer accurate prognos-
tic information, and be easily and safely performed in severely
injured patients. In the last decade CT revolutionized the care
of patients with closed head trauma because it represented
a significant improvement over previous diagnostic methods
[1-9]. Despite its significant contribution to the management
of closed head trauma, CT suffers from a number of diagnos-
tic limitations. Numerous authors have noted a marked dis-
crepancy between the clinical severity of injury and the CT
findings in the acute setting [9-15, 34]. CT findings often
correlate poorly with focal neurologic deficits, as well as with
more global indicators of cerebral injury such as intracranial
pressure and level of consciousness. Autopsy and histopath-
ologic studies confirm the relative insensitivity of CT to many
forms of neural injury [13, 16, 43, 44, 46]. The primary
deficiency of CT is its insensitivity to small nonhemorrhagic
lesions (Table 3). These lesions are difficult to discern because
the difference in X-ray attenuation between normal and injured
brain is small, resulting in a low level of contrast between
these tissues (Figs. 1, 2, and 6). Since many nonhemorrhagic
lesions are not detected, therapeutic decisions must be made
without complete delineation of the extent of injury. Previ-
ously, CT has been used mainly to diagnose “surgical” lesions.
Choosing proper “medical” therapy and judging the prognosis
of recovery has been primarily based on the clinical manifes-
tations of injury (GCS, intracranial pressure, neurologic ex-
amination) [34, 37].

Early experience with MR suggested that it might be more
sensitive than CT in detecting some types of traumatic lesions
[23-39]. Our prospective study has confirmed that MR is
more sensitive than CT for detecting all types of traumatic
lesions, with the exception of subarachnoid hemorrhage.
Although the difference in sensitivity was minimal for the
hemorrhagic lesions, there was a great discrepancy for non-
hemorrhagic intraaxial lesions. An increased sensitivity might
be expected with MR, since differentiation of normal and
injured tissues with this technique depends on several imag-
ing parameters. Lesion contrast is influenced by relative dif-
ferences in the T1 and T2 relaxation times of the tissues as
well as the proton density [23-25, 29-35]. The superior
sensitivity of MR for nonhemorrhagic lesions is most likely
from its greater ability to detect local alterations of water in
injured tissues. Neural injury, like most pathologic processes,
is invariably accompanied by changes in the local water
environment [43]. Intracellular edema may accompany
trauma-induced alterations of cellular metabolism from hy-
poxia or hypoxemia. Extracellular edema may be produced
by disruption of the blood-brain barrier or as a result of direct
injury to the axons (axoplasmic leakage) [43].

MR was also superior in the detection of extraaxial hema-
tomas, although the difference was less striking. The only

lesions typically missed by CT were very small, clinically silent
subdural hematomas usually less than 3 mm in thickness.
These small, high-density lesions were very hard to distin-
guish from adjacent bone on CT scans obtained at standard
window settings (Figs. 3 and 4). They were easily seen,
however, with either T1- or T2-weighted MR scans as high-
intensity lesions adjacent to the signal void of cortical bone.
Since both the CT and MR scans were analyzed without the
benefit of optimizing the image contrast on the monitor, this
factor does not bias against CT. Rather, the wider latitude of
contrast differences between the hematoma and adjacent
structures was responsible for MR’s greater sensitivity. The
sensitivities of CT and MR were similar for intraventricular
hemorrhage. We concur with others, however, that CT has a
significant advantage over MR in the detection of acute/
subacute subarachnoid blood [32, 37]. Visualization of sub-
arachnoid hemorrhage with MR was difficult in the acute
phase unless it was a large, localized clot.

There are a number of methodologic observations concern-
ing this study that should be emphasized when comparing
the relative sensitivities of MR and CT. Owing to medical and
logistic reasons, the CT and MR scans could not usually be
obtained on the same day. CT was usually performed first,
so that therapeutic decisions could be made on the basis of
a proven diagnostic method. MR was performed only after
the patient was considered stable, usually resulting in a delay
between CT and MR of zero to 10 days. For this reason it is
possible that some traumatic lesions became more apparent
over time, thus improving the sensitivity of MR. Although this
factor may have been operative, it cannot be the sole expla-
nation for the vast differences in the sensitivities of the two
methods. To test the importance of this factor, we also
compared the sensitivities of initial or follow-up MR or CT
scans obtained within 1 day of each other (Table 5). The
sensitivities in the 13 patients in this subgroup were (1)
nonhemorrhagic parenchymal lesions (CT, 26.8%; T1-
weighted MR, 61.1%,; T2-weighted MR, 100%) and (2) hem-
orrhagic parenchymal lesions (CT, 84.8%; T1-weighted MR,
80.6%; T2-weighted MR, 90.9%). Although a few more non-
hemorrhagic lesions were detected on the follow-up CT
scans, more small hemorrhagic lesions were missed.

Because the MR scans were usually obtained after the CT
scans, the possibility also exists that the MR examinations
were “tailored,” thus improving the MR sensitivity. This is not
apparent to us from looking at our data, since a “routine” MR
examination consisted of both a T1- and T2-weighted study,
usually in at least two planes. In no instance was the slice
thickness for the MR scans smaller than that for CT. The CT
scans generally were not available to the MR examiner before
the MR study.

It is also possible that the additional lesions seen with MR
resulted from interval development of new (secondary) le-
sions. Previous authors have shown that, in up to 19% of
patients whose clinical condition deteriorates after trauma,
delayed hematomas will be evident [22]. In those patients in
our series, however, who were restudied with CT for inter-
vening neurologic deterioration, no delayed intraaxial hema-
tomas were detected. It is apparent also that the discrepancy
in sensitivity was in the nonhemorrhagic subset of lesions
rather than the hemorrhagic lesions. It is possible that other
intervening nonhemorrhagic secondary forms of injury (infarc-
tion, hypoxia, pressure necrosis, etc.) could explain the ad-



TABLE 5: Sensitivities of CT and MR in 13 Patients in Whom the Studies Were Performed 1 Day Apart

Type of Lesion

True Positive/Total = % Sensitivity

CT T1-Weighted MR T2-Weighted MR
Subdural/epidural 14/16 = 87.5 16/16 = 100.0 16/16 = 100.0
Parenchymal
Nonhemorrhagic 11/41 =26.8 22/36 = 61.1 41/41 =100.0
Hemorrhagic 28/33 = 84.8 25/31 = 80.6 30/33 =90.9
Total 39/74 = 52.7 47/67 =701 71/74 =95.9

Note.—Interval from injury to MR examination: mean = 6.6 days, range = 2-19 days.

ditional lesions seen by MR [43]. This seems unlikely in view
of the data in Table 5 and because the clinical course of the
patients was one of improvement rather than deterioration.
Thus, it seems clear to us and in agreement with others [34,
37, 39] that MR is truly much more sensitive than CT in
detecting traumatic lesions.

Early reports suggested that low- and intermediate-field-
strength MR systems would be less sensitive for detecting
acute hemorrhage [30]. The low signal intensity within acute
hematomas on T2-weighted MR scans is thought to be from
a heterogeneity of magnetic susceptibility caused by intracel-
lular deoxyhemoglobin or methemoglobin. It is directly pro-
portional to the square of the main magnetic field [30]. The
difference in the magnetic susceptibility effects between a
0.5- and 1.5-T system should differ by approximately one
magnitude. It is expected, therefore, that the hypointensity of
acute hematomas at 0.5 T would be significantly less than at
1.5 T. We found this to be true, although the effect was still
adequate enough at 0.5 T to detect acute hematomas as
accurately as CT did in the first 4 days after trauma (Table 3).
The intraparenchymal hematomas were always surrounded
by peripheral halos of edema. This always aided in contrasting
the central hypointensity of the hematomas with adjacent
normal brain parenchyma. Although there are distinct theo-
retical advantages of higher magnetic fields for detection of
acute hemorrhage, we believe that this is of lesser practical
significance in the clinical imaging of patients. We believe that
our data support the fact that acute hematomas can be
accurately imaged in the first 4 days after trauma with an
intermediate-field-strength system with strongly T2-weighted
spin-echo pulse sequences (TR = 2300 msec, TE = 80-120
msec). Others have also reported visualization of central
hypointensity in acute hematomas with intermediate-field-
strength MR systems [32, 33, 47]. Recently, Edelman et al.
[33] have also shown that it is possible to maximize the
differences in magnetic susceptibility at intermediate and low
field strengths. By using small radiofrequency pulse angles
and gradient-recalled echoes, they have shown that acute
hematomas can be detected easily at these field strengths.

The specificity of MR (and CT) in lesion characterization is
difficult to determine from our study since surgical and path-
ologic confirmation of the lesions was not possible in the vast
majority of patients. Two large intracerebral hematomas were
surgically confirmed in two patients. Four extraaxial hemato-
mas were surgically confirmed in four patients, and bilateral
subdural hematomas were confirmed at autopsy in one pa-
tient. The other lesions in this series remain pathologically
unsubstantiated but closely resemble the primary traumatic
lesions described in many autopsy series in their location,
size, distribution, and character [10, 13, 42-46]. The possi-
bility should be considered that a few of the lesions that were

detected by MR and CT were preexisting nontraumatic le-
sions (demyelinating disease, subcortical arteriosclerotic en-
cephalopathy, infarcts, etc.) It is doubtful, however, that
preexisting disease could explain the vast majority of lesions
seen in this series. The clinical histories did not reveal any
patients with prior neurologic symptoms compatible with de-
myelinating disease or stroke. The mean age of the study
population was only 26.6 years, and only 12.5% of patients
were more than 40 years old, making it unlikely that vascular
disease could account for any significant percentage of the
lesions. Only one of the five patients older than 40 had a
history of hypertension and vascular disease. Five subcortical
lesions were found in this patient, and they were considered
to be of indeterminate cause, compatible with either diffuse
axonal injury or lacunar infarcts. These lesions were therefore
excluded from statistical analysis. One of the five patients
older than 40 had a normal MR scan, and in the three
remaining patients the lesions were not suggestive of vascular
disease.

MR also appears to be greatly superior to CT in its ability
to precisely localize a lesion for purposes of classification. As
Gennarelli [14] and others [20, 37, 43, 44, 46] have pointed
out, it is important to accurately classify the various traumatic
lesions since the prognosis, frequency of secondary compli-
cations, mechanism of injury, and therapeutic management
may be quite different. MR is advantageous because direct
multiplanar images allow a more precise localization of the
lesion. Multiplanar images also provide a better three-dimen-
sional view of the lesion, helping to separate primary from
secondary forms of injury [42].

Our report indicates that MR is not only useful in patients
with closed head trauma but that it is also quite feasible.
Evaluation of respirator-dependent patients is more problem-
atic with MR than with CT. A ventilatory system should be
used that does not contain ferromagnetic materials, and close
monitoring of patient’s ventilation is required [41]. Monitoring
of other vital systems is also more difficult than with CT
scanning, but is also feasible [41]. Imaging mechanically
ventilated patients was often advantageous, however, since
agitated or combative patients could be pharmacologically
paralyzed to eliminate motion artifacts.

Our study agrees with those of others who suggest that
MR is valuable for detecting and characterizing traumatic
lesions [23-37]. Most of these reports, however, were retro-
spective studies of patients with minimal intracranial injuries,
subdural hematomas without intraparenchymal lesions, or
studies of patients with a mixture of acute and chronic head
injuries. Our study constitutes the first large prospective study
comparing CT with intermediate-field-strength MR for detect-
ing traumatic lesions in patients with moderate to severe
acute closed head trauma. When using a 0.5-T system, our



conclusions are similar to those of Zimmerman et al. [34] in
their retrospective study with a 1.5-T system. We agree that
MR is significantly more sensitive than CT in the detection of
acute and subacute nonhemorrhagic parenchymal lesions,
small acute subdural lesions, subacute subdural lesions, sub-
acute hemorrhagic lesions, brainstem injuries, and infarcts.

In summary, MR has significant advantages over CT in
evaluating patients with closed head trauma. MR is similar in
sensitivity to CT for detecting hemorrhagic lesions but vastly
superior to CT in detecting the much more prevalent nonhem-
orrhagic lesions. MR is also more useful than CT for charac-
terizing and classifying primary and secondary forms of injury
[42]. More accurate detection and delineation of traumatic
lesions with MR should permit more accurate prediction of
neurologic and cognitive recovery and assist in optimizing
“medical” forms of treatment. Because a more rapid assess-
ment of “surgical” lesions can be made with CT, it is still of
prime importance for the initial evaluation of unstable patients
with head injuries.
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