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Blinded Comparison of Cranial CT and MR in Closed Head Injury

Evaluation

William W. Orrison, Lindell R. Gentry, Gary K. Stimac, Ronald M. Tarrel, Mary C. Espinosa, and Loren C. Cobb

PURPOSE: To compare CT and MR in the evaluation of acute head injury. METHODS: One
hundred seven consecutive patients who were referred to the emergency department and
underwent both MR and CT cranial examinations within 48 hours were retrospectively reviewed.
The films were interpreted by two neuroradiologists blinded to all patient information. RESULTS:
The sensitivity of MR was significantly higher than that of CT for the detection of contusion,
shearing injury, subdural and epidural hematoma, and sinus involvement. The sensitivity of CT
was significantly higher than that of MR for the evaluation of fracture. The sensitivities of MR and
CT were statistically equivalent for the detection of superficial soft-tissue injury. The overall
sensitivity of MR for the detection of abnormalities in acute head trauma was 96.4%, and for CT
was 63.4%. CONCLUSIONS: CT and MR are complementary studies in the evaluation of acute
head trauma. MR is necessary to define or exclude contusions, deep shearing injury, and extraaxial

fluid collections in acute head trauma.

Index terms: Head, injuries; Head, computed tomography; Head, magnetic resonance; Magnetic
resonance, comparative studies; Computed tomography, comparative studies; Efficacy studies
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Previous studies comparing computed tomog-
raphy (CT) and magnetic resonance (MR) in the
evaluation of acute head injury have demon-
strated distinct advantages for MR over CT in
cerebral contusions, deep white matter lesions
(shearing injury and diffuse axonal injury), ex-
traaxial fluid collections (particularly isodense
subdural hematomas), corpus callosum, and brain
stem injury (1-13). In general, emergency pa-
tients with head injury continue to be evaluated
by CT. The reasons for this are logistical and
clinical. Most MR scanners are located a consid-
erable distance from emergency rooms because
of siting requirements. Furthermore, acutely in-
jured patients cannot be effectively managed in
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most MR scanners. The availability of MR in our
emerdgency department enabled us to evaluate
readily patients with acute head injury. We were,
thus, able to compare a large number of patients
who underwent examination by both modalities.

Materials and Methods

The radiographic findings in an unselected, consecutive
series of head trauma patients who had undergone both
cranial CT and MR were evaluated. The study consisted of
a retrospective review of emergency room-referred head
trauma patients. One hundred seven of these underwent
MR. All of these patients had MR examinations performed
within 48 hours of the CT. A repeat CT scan for direct
comparison was not performed at the time MR imaging
was performed. All patients were referred for evaluation
between May 15, 1988, and June 30, 1989. The study
consisted of a retrospective review of emergency room-
referred head trauma patients.

Imaging was performed on a 0.064-T permanent magnet
(MTP Access, Toshiba America MRI, South San Francisco,
Calif) and a high-resolution CT system (9800 Quick, Gen-
eral Electric, Milwaukee, Wis). Two hundred fourteen ex-
aminations were read independently and randomly by two
senior members of the American Society of Neuroradiology
(L.R.G. and G.K.S.). Both readers had recent experience
using 1.5-T superconducting MR systems and high-reso-
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MRI-CT HEAD TRAUMA STUDY

Study # MR cr
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Patient # Sex

Exam Date

Fig. 1. Reader tabulation form.

lution CT scanners, and neither had previously used a
0.064-T scanner for clinical care. The readers were blinded
to patient history; all identifying data such as name, date,
age, and sex were covered. All MR studies included a T1-
weighted spin-echo sequence (400-600/20-40/2-4 [repe-
tition time/echo time/excitations]) or a gradient-echo se-
quence (68/24/3) with a flip angle of 60°, and more T2-
weighted spin-echo images (1500-2500/30-105/2). Im-
aging planes included sagittal and axial in all patients and
coronal images in selected cases. CT examinations used
conventional gantry angulation, section thickness (3 to 10
mm), radiographic techniques, and contrast enhancement
(when clinically indicated). Images using intermediate win-
dows were available for review. A standard-of-reference
diagnosis for each patient was supplied independently of
the neuroradiologist's blinded readings by two of the inves-
tigators (W.W.O. and R.M.T.) who used complete patient
information consisting of patient records, pathology re-
ports, and all available images including follow-up exami-
nations. Standard-of-reference diagnoses included a deter-
mination of abnormal or normal and specific indications of
sub/epidural hematoma, shearing injury, sinus disease,

TABLE 1: Statistical comparison of sensitivities
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contusion, soft tissue injury, or fracture (Fig 1). Results
were tabulated and used for statistical analysis by an
independent statistician. This statistical analysis included
calculations of sensitivities and McNemar tests. Sensitivity
is defined as the probability of a radiologic finding being
positive for a disease given that the patient has that disease.
Interreader reliability was evaluated using phi, a nonpara-
metric coefficient of correlation.

In this study, one imaging modality was judged to be
better than another with respect to a given diagnosis if its
sensitivity was greater and if the significance of the com-
parison was less than 5%. Two imaging modes were judged
to be roughly equivalent if their sensitivities were not
significantly different and if the power of the comparison
was at least 80% for finding differences of moderate size;
that is, there was an 80% or greater chance of detecting a
degree of difference between 62% and 82%.

Results

The sensitivity of MR was significantly higher
than CT for the detection of contusion (P < .001)
(Fig 2), subdural and epidural hematoma (P <
.001) (Fig 3), shearing white matter injury (P <
.001) (Fig 4), and sinus involvement (P < .001).
Sinus involvement included any evidence of sinus
disease. )

The sensitivity of CT was significantly higher
than that of MR in the detection of fracture (P <
.001) (Fig 3). CT and MR were equivalent in
sensitivity for the detection of superficial soft
tissue injury (scalp swelling). The overall sensitiv-
ity of MR for the detection of abnormalities in
acute head trauma was 96.4% and for CT was
63.4%. Interreader correlation (phi) for finding
abnormalities was high at 0.72 (Tables 1 and 2).
Table 2 displays the rates of agreement by scan-

Sensitivity
Diagnosis Conclusion Z Test® McNemar® Ratio® (%)

MR CT
Abnormal MR > CT 8.11 (P<.001) 56.70 (P < .001) 67:3 96 63
Subdural and epidural hematoma MR > CT 11.71 (P < .001) 75.87 (P < .001) 89:4 97 31
Shearing injury MR > CT 8.66 (P < .001) 34.57 (P < .001) 42:2 97 20
Sinus MR > CT 5.92 (P < .001) 30.68 (P < .001) 56:10 79 45
Contusion MR >CT 5.53 (P < .001) 22.40 (P < .001) 32:3 96 68
Soft tissue injury MR =CT 0.51 (NS) 0.09 (NS)* 24:21 60 56
Fracture CT > MR —6.32 (P < .001) 22.32 (P < .001) 1:27 36 94

® Z test for comparing two proportions from independent samples. One-tailed significance levels are given in parentheses.

® McNemar x? test for symmetry in a two-by-two table, with correction for continuity for standard of reference positive findings only. A significant
value indicates that one method was significantly more sensitive than the other. McNemar test is preferred to the Z test when both CT and MR scans
are performed on the same patients (as is the case in this study).

© The ratio of readings in which MR was correct and CT incorrect to readings in which CT was correct and MR incorrect.

9 The power of this test was 88%. For the purposes of this study, power was defined as the probability of detecting a difference between two
proportions of at least 0.2 at midscale using a one-tailed significance level of 0.05. NS indicates nonsignificant.
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ning modality between individual readers and the
standard of reference.

In this study there were too few standard-of-
reference diagnoses of subarachnoid hemor-
rhage, intracerebral hematoma, midline shift,
pneumocephalus, intraventricular hemorrhage,
hydrocephalus, and infarct to analyze these con-
ditions.

Discussion

Previous studies of MR imaging indicate that
this modality is more sensitive than CT in detect-
ing many types of traumatic lesions (1-13). The
current blinded study supports the contention
that a positive MR is more predictive of actual
trauma than a positive CT for all forms of trau-
matic injury, with the exception of fracture. MR
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Fig. 2. Case 1. Thirty-one-year-old man
who was involved in a motor vehicle acci-
dent.

A and B, Axial CT scans which were
interpreted as normal.

C and D, Axial T2-weighted (2000/105)
MR images demonstrate an abnormal signal
intensity in the temporal lobes and the fron-
tal lobes (arrows) that were not identified on
the CT scan.

has been previously noted to be particularly more
sensitive in the detection of nonhemorrhagic le-
sions (4-6). This has been attributed to alterations
in local concentrations of water, resulting in both
intracellular and extracellular edema (4, 6, 14).
CT continues to be the diagnostic modality of
choice for determining the appropriate acute sur-
gical management in cases of head trauma (15—
19). The current study would support CT as the
initial diagnostic test in the comatose or dramat-
ically neurologically impaired head-injured patient

TABLE 2: Percent agreement with standard of reference by reader

Reader MR CT

1 92% (98/107)  65% (70/107)
2 97% (104/107) 65% (70/107)
Both readers 94% (202/214) 65% (140/214)

Both Modes

78% (168/214)
81% (174/214)
80% (342/428)
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because of speed and accessibility. Nonetheless,
significant discrepancies exist between some pa-
tients’ clinical evaluations and their CT findings
when they have acute head injury (4, 6, 20-23).
The inability of CT to detect multiple types of
cerebral injury has been substantiated by patho-
logic confirmation (4, 14, 22, 23). MR is a more
sensitive imaging modality and can improve
quantitative and qualitative analysis of the extent
of acute brain injury. A normal CT scan is no
longer adequate evidence that a head-injured pa-
tient may not suffer severe neuropsychologic or
delayed neurologic impairments as a result of
undetected cerebral lesions.

The finding of diffuse or deep contusions in
patients with entirely normal or minimally abnor-
mal CT scans has both significant medical-man-
agement and medicolegal implications. Our study
would indicate that previous reports suggesting a
superiority of MR over CT in this area are correct
(2,4, 7) (Figs 1 and 3). Over half of the significant
head injuries occurring in the United States are a
result of motor vehicle accidents (24). It is often
difficult to sort out the relevance of persistent
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complaints after an accident when litigation is
pending or in process. The availability of a sen-
sitive but objective tool to measure better the
extent of cerebral injury may clarify many of
these issues. In addition, an alteration in medical
care of patients with acute head injuries may be
indicated by lesions that are undetected by CT.
Fluid restriction, closer observation, more aggres-
sive and earlier rehabilitation efforts, and a more
gradual or prolonged convalescent period may be
appropriate in patients with significant cerebral
lesions as compared with those with no cerebral
damage.

The potential value of MR in the emergency
setting results in the need for a systematic ap-
proach to acutely head-injured patients. The clin-
ical protocol established by our neurosurgical and
neuroradiology divisions advises that all patients
receive initial CT scans as soon as possible to be
followed by MR within the first 24 hours. The MR
is occasionally performed before the CT scan but
is more typically obtained within the first 4 to 16
hours afterward. When MR imaging is performed
and CT scans are not available, an axial T1-

Fig. 3. Case 2. Twenty-year-old woman
who was involved in a motor vehicle acci-
dent.

A, Intermediate-window CT scan dem-
onstrates an epidural hematoma (arrows).
Note that no subdural hematoma is visible.

B, Axial CT scan with bone windows
demonstrates a skull fracture (closed arrow)
and pneumocephalus (open arrow) which
are less well defined on the MR images.

C, Axial proton density-weighted MR
(2000/30) demonstrates decreased signal in-
tensity in the region of the known epidural
hematoma (arrow) and increased signal from
an associated subdural hematoma/hygroma
(open arrow).

D, Coronal T2-weighted MR (145/53, flip
angle of 20°) demonstrates a large cortical
and subcortical contusion not identified on
the CT scan (arrow). Note the abnormal
signal and contour of the adjacent calvarium.
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Fig. 4. Case 3. Thirty-year-old woman who was thrown from a horse. The patient was deeply comatose and respirator dependent.

A-C, Axial CT scans demonstrate a small amount of hemorrhagic change adjacent to the right temporal horn, in the quadrigeminal
plate cistern, interhemisphere fissure, and superficially over the frontal cortex bilaterally (arrows).

D-F, Axial T2-weighted MR scans (2000/105) demonstrate bilateral temporal lobe contusions, deep white matter shearing injury in
the region of the internal capsule on the right, and involvement of the corpus callosum. Note that none of these lesions is identified on
the concurrent CT scan (arrows).

weighted scan is routinely performed. This signif-
icantly improves the detection of subarachnoid
and intraventricular hemorrhage at lower field
strengths (25-27). In order to accommodate the
large number of cranial MR referrals from this
protocol, we have established a limited MR ex-
amination, which consists of axial proton density-
and T2-weighted images. This limited MR exam-
ination is performed only when a CT scan is
available from the preceding 24 hours, and is
charged as a combination study. This combina-
tion CT/MR represents an approximate 50% re-

duction in cost of the two examinations per-
formed separately. Because the vast majority of
these combination CT/MR studies are performed
back-to-back, there is little effect on patient hand-
ling within the department. Repeat CT and MR
examinations are then obtained as clinically indi-
cated.

In our series of 107 consecutive patients, acute
surgical management was altered in only one
case by information provided on MR. This change
was for a patient with an unsuspected neoplasm.
Neurosurgical intervention within the first 24
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hours was not required. Our study indicates that
MR imaging performed within 24 hours of the
initial head trauma should be adequate, provided
a CT scan has been performed. However, it is
also clear from this study that a negative CT scan
is not sufficient to exclude large contusions,
shearing injury, and extraaxial fluid collections,
which may require less acute neurosurgical or
medical intervention. The hospital availability of
MR scanners provides the capability of early
assessment of intracranial lesions that may not
be identified by CT. This information may direct
therapeutic intervention aimed at improved long-
term outcome.

MR is an important neurodiagnostic modality
in the emergency and trauma departments. The
additional information obtained by MR may alter
patient care significantly. CT and MR are comple-
mentary in the evaluation of head trauma; how-
ever, MR is significantly more sensitive for a
broad range of common posttraumatic brain in-
sults.
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