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Diseases of the Spinal Canal in
Children: Diagnosis with Noncontrast CT
Scans

The spinal cord and its coverings were assessed in 131 CT studies performed without
intrathecal contrast material in 108 patients ages newborn to 20 years old. The spinal
cord, including the conus medaullaris, and the theca can be readily identified in most
patients, except in the upper thoracic region. Correlation with other radiologic studies
and surgery showed few false-positive and false-negative resuits. Of particular impor-
tance, in no patient was unnecessary surgery performed nor was necessary surgery not
performed as a result of the method. The technique was a useful screening test, often
sufficient alone, for the assessment of congenital disease (proved lesions included 20
tethered spinal cords, 11 congenital mass lesions, five split cords, and 11 hydromyelic
cysts or syrinxes). There were nine confirmed intraspinal neoplasms. The technique
was good for identifying epidural lesions; however, we recommend myelography and/
or CT myelography for suspected intradural tumors because of the greater anatomic
definition required. Noncontrast CT requires careful attention to technique, and may be
successful only with the use of late-model, high-resolution CT units.

Noncontrast CT is a rapid, cost-effective method of assessing suspected disease in
the pediatric spinal canal, at least while access to MR is still limited.
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For the past 10 years the standard methods of displaying the spinal cord and
subarachnoid space in infants and children have been myelography, sometimes
followed by CT, or CT myelography alone. The disadvantages of these methods
include the need for lumbar puncture, the potential morbidity of contrast agents,
and the need for either heavy sedation or general anesthesia for many children.
With the arrival at our hospital of a high-resolution CT unit (General Electric 9800B),
it became evident that with careful technique the spinal cord and theca frequently
could be displayed well without the use of intrathecal or IV contrast material. We
report the results of our initial experience with noncontrast CT, suggest when it
should be used, and describe its limitations and the technique used.

Materials and Methods

Between March 1983 and July 1986, 131 noncontrast CT studies were performed in 108
patients ranging in age from newborn to 20 years old (mean, 9 years). Nine patients were
less than 1 year old, 23 were 1-5, 26 were 6-10, 36 were 11-15, and 14 were 16-20. All
were referred for investigation of suspected disease within the spinal canal. All examinations
preceded subarachnoid contrast studies when performed. Twenty patients had proved mass
lesions. Eleven of these lesions were developmental, namely, lipoma, and included lipomatous
infiltration of the spinal cord (eight), hemangiolipoma (one), dermoid (one), and enterogenous
cyst (one). The other nine lesions comprised ependymoma (two), Ewing sarcoma (two),
histiocytosis X (one), neuroblastoma (two), ganglioneuroma (one), and aneurysmal bone cyst
(one).
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Technique

Noncontrast CT is a relatively quick technique once the child is
positioned in the CT unit. To achieve good diagnostic images, the
scan thickness should be 5 mm or less. Three-mm-thick scans may
be required in small infants to provide greater detail. Our standard
protocol is to use a 5-mm scan thickness with a 10-mm table
movement. When necessary, such as for the accurate localization of
the conus, contiguous scans are obtained at selected anatomic levels.

The optimum technical factors are 120 kV, 400-700 mAs, and a
4-sec scan time. The primary scan field of view is chosen to give
optimum detail. The standard algorithm is used, which allows pho-
tography at bone- and soft-tissue settings without image degrada-
tion [1]. The long scan time is preferred over shorter times to re-
duce aliasing [1]. However, with longer scanning times, movement
artifacts may be a problem and require the use of heavy sedation or
anesthesia.
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Fig. 1.—Technical adequacy of noncontrast CT in assessing spinal
canal disease.

A, Cervical region (n = 76).

B, Six rostral thoracic segments (n = 50).

C, Six caudal thoracic segments (n = 36).

D, Lumbosacral region (n = 60).

Left and right circles represent reviewers 1 and 2, respectively.

Fig. 2.—Examples of technical adequacy of noncontrast CT scans.
A and B, Diagnostic good. A shows normally situated conus medullaris; B shows normal lumbar expansion.
C, Diagnostic. Cord is visible but poorly defined.
D, Nondiagnostic. Cord is not visible. Note typical artifact at cervicothoracic junction.
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The quality of the photography is important; on the GE 9800 unit
the optimum technique for the spinal cord is window level of 35 and
window width of 350; for bone, the window level is 35 and the
window width is 3000. For the scout view the window width and
level are chosen to permit clear identification of bony landmarks to
which scan levels can be related.

Methods

Each study was reviewed without knowledge of the clinical diag-
nosis and outcome by two pediatric radiologists working together
(reviewer 1) and separately by a neuroradiologist in an adult general
hospital working alone (reviewer 2). The prospective interpretation of
each study was also reviewed and entered in the study. (Note.—One
of the pediatric observers had been involved in the reporting of some
of the studies at presentation. Therefore, all prospective reports were
interpreted by the second pediatric radiologist, who had no prior
knowledge of the result.) The results were correlated with the findings
of other imaging investigations (myelography and/or CT myelogra-
phy), surgery, and pathology, or with the subsequent clinical course
when there was no other corroborative evidence. MR was not avail-
able during the study.

In addition, each study was assessed for technical adequacy (Fig.
1). Four spinal regions were defined: cervical, six rostral thoracic
segments, six caudal thoracic segments, and lumbosacral. A transi-
tional zone of two vertebral segments between regions was permitted
without judging that a study extended into two regions; for example,
a lumbosacral study that extended up to but not above the 11th
thoracic vertebral segment was judged to be a study of a single
region. Each region in each study was judged to be either diagnostic
good (clear definition of spinal cord, subarachnoid space, and theca
on the majority of images), diagnostic (some loss of anatomic defini-
tion but nevertheless the majority of images permitted diagnosis), or
nondiagnostic (unable to sufficiently define spinal cord from subarach-
noid space and theca on the majority of images) (Figs. 2 and 3B). In
addition to assessment by regions, the technical parameters of each
study were reviewed.

Results

There was good correlation between the reviewers' as-
sessments of the technical adequacy of the examinations,
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Fig. 3.—Epidural neuroblastoma.

A, Dura and contents are deviated rostral to tumor.
B, Nondiagnostic.

C and D, Tumor extends through expanded neural foramen and compresses cord.

particularly in the cervical and lumbosacral regions (Fig. 1). At
other levels the external reviewer was less critical in the
assessment of adequacy. The technique is less successful in
the lower half of the thoracic spine and least successful in the
upper half of the thoracic spine, but still yields diagnostic
information in most cases. Most of the pathology in this study
was in the cervical and lumbosacral regions, and the review
showed very few nondiagnostic studies in these areas.

The prospective report was compared with the reviewers’
retrospective diagnoses, since, when definite confirmation
was available, it was shown to be valid in all but very minor
details. When there was no other confirmation, the prospec-
tive report was assumed to represent the correct result, since
review of clinical records never disproved this report.

Table 1 summarizes the final results and confirmation rate.
Repeat examinations were excluded in order to show the true
distribution of disease. Low confirmation rates do not neces-
sarily indicate that the noncontrast CT diagnosis was dis-
proved, but often that the clinical situation did not warrant
further tests or surgery. The most common indication for
noncontrast CT was suspected congenital disease (low cord,
which was sometimes associated with split cord, with or
without a diastematomyelic spur, and/or a congenital mass)
(Figs. 4 and 5). Frequently there was more than one patho-
logic finding. The miscellaneous group includes lesions such
as hematoma (Fig. 6), extruded disk, and arachnoiditis. Atro-
phy was not included in the results because it was never
reported by reviewer 2 and adequate diagnostic criteria could
not be defined. Presumed low cerebellar tonsils lying in the
cervical canal were included in the congenital mass lesion
category, and later separated to show the true prevalence of
the latter.

There was good correlation between the findings of the
reviewers and the prospective report for most diseases (Table
2). The only major error in the prospective reports was the
failure to detect an isolated split cord without a bony spur or
other associated congenital lesion. This was also missed by
both retrospective reviewers. The other three prospective

NONCONTRAST CT OF PEDIATRIC SPINAL CORD
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TABLE 1: Final Results and Confirmation in 108 Patients
Investigated for Disease of the Spinal Canal

No. of No. (%) Confirmed
Final Diagnosis Patients
(%) Radiology "anoo%Y/ ot

Normal 43 (40) 4 0 4 (9)
Low cord 22 (20) 6 20 20 (91)
Split cord? 6 (6) 2 5 6 (100)
Congenital mass

Other than tonsils 11 (10) 3 11 11 (100)

Tonsils® 14 (13) 7 1 7 (50)
Neoplastic mass 9 (8) 3 9 9 (100)
Syrinx or hydromyelia 13 (12) 8 10 11 (85)
Miscellaneous 5 (5) 1 1 2 (40)

® One split cord was diagnosed on CT myelography only.
® Upper cervical masses presumed to be low cerebeliar tonsils.

errors did not affect treatment. Important errors in retrospec-
tive reports included the failure of reviewer 2 to recognize
three tumors. Interpretive errors are listed. The technical
standard of the misdiagnosed examinations was reviewed.
All were considered at least diagnostically adequate.

Discussion

The noncontrast CT appearance of normal intraspinal soft
tissues has been described [2-4). This study shows that in
children it is frequently possible to make accurate diagnoses
without the use of intrathecal contrast material, particularly in
cervical and lumbar regions. The higher proportion of techni-
cally poor studies in the thoracic region (Fig. 1) presumably is
related to motion artifacts and to the increased and variable
thickness of surrounding soft tissue and bone, particularly
at the shoulder level, where artifact is a problem (Fig. 2D)
[, 4.

Noncontrast CT is particularly useful in congenital lesions,
including low cords, split cords, and associated mass lesions
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(Table 2). The 22 low cords were never missed in the pro-
spective report or by the pediatric reviewers. It is essential
that there be an adequate frontal scout view, extending from
lower ribs to mid sacrum, to allow accurate localization of the
scan level that best displays the conus. In addition, a frontal
thoracic scout view, or radiograph, may be necessary to
accurately identify vertebral segments when there is a mar-
ginal low conus [5]. In five of six proved cases, it was possible
to identify split cords (with and without bony spurs) without
the use of subarachnoid contrast material. In two additional

Fig. 4.—Low cord with diastematomyelia and syrinx.

A, Syrinx above split cord.

B, Split cord (fong arrow points to right half) at level of spur, which is
part bone and part fibrous septum (short arrow).

C, Subsequent myelogram after initial injection of contrast material into
syrinx. Note hemicords on either side of triangular bony spur.

A B

Fig. 5.—Low cord with congenital lipomatous mass.
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patients, conjoined and adherent nerve roots were falsely
called split cords. However, noncontrast CT correctly recog-
nized low cords requiring surgery in both, and, therefore,
these errors neither jeopardized the surgical procedure nor
the subsequent outcome. Proven adherent nerve roots prob-
ably accounted for the fact that a small lipoma was missed in
one case of low cord, but this did not affect surgery or the
clinical resuit. At this hospital, surgery for congenital lesions
is now performed mostly on the basis of noncontrast CT
findings alone, since in most cases the neurosurgeons do not
require a detailed display of nerve roots and associated
intrathecal anatomy.

Noncontrast CT also appears to be a good screening
method for syrinx and hydromyelia (Fig. 4A). For these lesions,
the confirmation rate was not as high as in other congenital
conditions (Table 1), often owing to the lack of clinical neces-
sity for further confirmation. Fat infiltrating a low spinal cord,
confirmed by surgery, was called a syrinx in one case. Failure
to locate a hydromyelic cyst by needling in another case of
low cord, or to confirm the appearance on repeat noncontrast
CT in others, may reflect the dynamic nature of these fiuid
cavities [6, 7].

The pediatric radiologists accurately detected all neoplastic
and similar mass lesions prospectively and retrospectively.
Two ependymomas and an epidural neuroblastoma were not

hedhs

Fig. 6.—Posttrauma hematoma.

A, Noncontrast CT scan. Higher-attenuation hematoma anteriorly ap-
pears to be compressing lower-attenuation spinal cord against neural arch.

B, CT myelogram. Contrast material posterior to and to the right of
spinal cord shows cord is not tightly compressed.

‘i

A-D, Images from thoracolumbar junction to midlumbar spine show large fatty mass posteriorly that extends through neural arch defect caudally, with

spinal cord intimately attached anteriorly.
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TABLE 2: Comparison of Retrospective Review and Prospective Report in 108 Patients

Investigated for Disease of the Spinal Canal

No.
Low Split Congenital Neoplastic  Syrinx or -
Normal Cord Cord ass Klass Hydromyelia Miscellaneous
Total proved 43 22 6 11 9 13 5
Prospective report ~ 44° 22 5" 12° 9 15 (29 5
Reviewer 1
“True” 39 22 5 10 9 12 5
False positive
Proved 1 0 0 Lk 14 e 0
Unproved 1 2" 1 0 0 1 0
False negative
Proved 0 g 1 1° 0 0 0
Unproved 4 0 0 0 0 1 0
Reviewer 2
“True” 38 20 5 b 6 13 3
False positive
Proved 3(19 1 53 0 2(19 3(29 0
Unproved 0 0 O 2 0 0 4
False negative
Proved 2 2> 1 0 3 0 1
Unproved 3 0 0 0 0 0 1

Note.—Findings were considered proved or unproved on the basis of contrast radiologic or pathologic/surgical

results.

# One split cord was diagnosed on CT myelography only.

° Adherent nerve roots misread as a small mass.

° False-positive interpretation due to fat infiltration or cystic change in tumor.
° Early postoperative study; repeat noncontrast CT study was normal.

° Important associated anomalies were diagnosed.

Fig. 7.—Conus ependymoma.

A, Normal cord rostrally.

B, Cord enlarged.

C, CSF cuff obliterated by expanded cord and tumor.
D, Conus below tumor.

recognized by the external reviewer. The signs of mass
lesions are loss of definition, or distortion, of theca and
epidural fat, and/or loss of the normal low-density CSF cuff
around the spinal cord. The CSF cuff allows the surface of
the spinal cord to be seen directly above and below the level
of pathology (Fig. 7). The loss of the fluid cuff results in a
homogeneous appearance of the intradural contents.
Epidural masses are well displayed on noncontrast CT (Fig.
3); it enables neurosurgeons at our hospital to operate suc-
cessfully without further imaging investigations. However, we
recognize that the anatomic definition provided by noncon-
trast CT is such that smaller lesions within the cord, or in an
extramedullary intradural location, may not be evident, partic-

ularly in the thoracic region. Because the detection of these
intradural lesions and subsequent resection of extramedullary
tumors require detailed display of the spinal cord and nerve
roots, a subarachnoid contrast study is always re-
quired.Therefore, to achieve economy of investigations, we
recommend that patients with suspected intradural neo-
plasms be studied directly with myelography or CT myelog-
raphy [8-11].

Early postoperative noncontrast CT is difficult to interpret
because of residual hematoma and other postoperative
changes obscuring the normal anatomic landmarks, and, in
particular, it may be unable to exclude the presence of residual
tumor. Repeat noncontrast CT, after allowing at least 4 weeks
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for some resolution of postoperative changes, was found to
be more definitive.

The miscellaneous group (Tables 1 and 2) included trau-
matic hematoma (two patients), extruded disks (two), and
arachnoiditis (one). Three were unproved and the numbers
were insufficient to draw any meaningful conclusions.

The management of spinal trauma requires special discus-
sion. Noncontrast CT may be used primarily to investigate
the intraspinal soft tissues when cord trauma or intraspinal
hematoma is suspected, or the images obtained to assess
vertebral trauma may be secondarily adjusted to display soft
tissues. We recommend that in this situation, scans should
be contiguous through the area of interest. An unequivocally
normal noncontrast CT result would not usually require further
investigation, since treatment is unlikely to be changed. How-
ever, an abnormal or technically inadequate noncontrast CT
study should be followed immediately by myelography or CT
myelography; our experience with two patients suggests an
abnormal noncontrast CT result may be misleading. Figure 6
shows a patient who was seen after our study was completed.
CT myelography altered management by showing that the
noncontrast CT impression of cord compression by hema-
toma was erroneous; thereby, unwarranted surgery in a quad-
riplegic patient was avoided. Later MR confirmed an intra-
medullary lesion.

Diagnostic errors were made on noncontrast CT, but no
adverse outcome resulted from an incorrect prospective re-
port. In most instances the erroneous report initiated a mye-
logram and/or CT myelogram. The same was true for most
of the errors in the retrospective reviews. We postulate that
the slightly lower diagnostic success rate in the retrospective
reviews compared with the prospective reports may reflect
the lack of clinical information available to the reviewers; in
addition, the reviewers’ diagnoses were made from hard-copy
images alone, whereas prospective diagnoses were almost
always assisted by viewing images at varied settings on the
diagnostic console.

In conclusion, this study shows that noncontrast CT is a
good screening technique and often adequate alone to display
congenital disease and epidural mass lesions. The surgeons
at our hospital now seldom require a subarachnoid contrast
study before treating these lesions. However, because of the
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extra anatomic detail required for the resection of intradural
extramedullary tumors, and the possibility that subtle intra-
medullary tumors could be missed by noncontrast CT alone,
we recommend that myelography and/or CT myelography be
performed in place of noncontrast CT when these lesions are
clinically suspected. Whereas a normal noncontrast CT study
alone is sufficient in trauma, any abnormality of the intraspinal
soft tissues should be confirmed by an immediate subarach-
noid contrast study. Noncontrast CT is useful in children,
obviating intrathecal contrast material and the associated
lumbar puncture in selected clinical situations. It is a relevant
technique at a time when high-resolution CT is more widely
available than MR.
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