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Myelography of Sacral
Agenesis

In the past, neurologic deficits found in association with sacral agenesis were
thought to be unamenable to surgical therapy. Recent experience and a careful review
of autopsy and case reports from the literature have demonstrated that this assumption
is unwarranted. Four cases of sacral agenesis are reported with description of the
myelographic findings of each case. Surgical confirmation was obtained in three of
these patients. Dural sac stenosis treated with duraplasty resulted in striking improve-
ment in the neurologic status of two patients, while in the third, a 2-month-old infant,
adhesive arachnoidal bands in the distal thecal sac were found at surgery and a taut
and thickened filum terminale was transected. The fourth patient had a low-lying spinal
cord and a posterior meningocele. The myelographic findings appear to be divisible
into two categories. One group of patients may have high termination of the subarach-
noid space with a dural sac stenosis and will benefit from duraplasty, while in the other,
findings may include a widened or normal subarachnoid space and low-lying tethered
spinal cord. It is emphasized that treatment of dural sac stenosis, tethered cord, and
intrathecal or extrathecal masses that occur in some of these patients may afford
significant improvement in their neurologic condition. These children deserve careful
baseline neurologic evaluation and follow-up and a more aggressive approach toward
adequate myelographic assessment.

Myelograms have been obtained infrequently in children with sacral agenesis.
In the past, emphasis has been on management of the more clinically apparent
orthopedic and genitourinary tract problems that usually accompany this condi-
tion [1-8]. Accompanying neurologic deficits have received less attention, and
surgical exploration has been infrequently attempted.

Recently, Pang and Hoffman [9] reported surgical improvement in the neuro-
logic status of two patients with sacral agenesis. Their review of the literature
revealed a number of cases in which surgery or autopsy had disclosed potentially
treatable lesions associated with sacral agenesis including intrathecal and ex-
trathecal masses such as lipomas and dermoid cysts, vertebral canal stenosis,
diastematomyelia, and tethered cord. To their two cases, we offer myelographic
and surgical observations on three patients at this institution and myelographic
evaluation of a fourth patient at the University of North Carolina. It is hoped this
report will further illustrate the need for careful baseline neurologic examination
and close follow-up in these children as well as a more aggressive approach
toward early myelography.

Case Reports
Case 1

A 17-month-old girl was initially seen in the Pediatric Clinic at the Medical College of
Georgia for evaluation of constipation and a soft '‘mass’' over the lower back present since
birth. She had been slow in her motor development and did not start to walk until age 16
months. The mother was mentally retarded and diabetic.
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Neurologic examination revealed an abnormal broad-based gait
with “'stumping’’ of the feet. There was bilateral atrophy of gluteal,
thigh, and gastrocnemius muscles. Patellar reflexes were hyper-
active, ankle reflexes were absent, and there was a Babinski reflex
bilaterally. The anal sphincter was patulous and urinary dribbling
was noted.

Radiographs of the spine demonstrated agenesis of the sacrum
distal to a hypoplastic second sacral segment. Excretory urography
disclosed duplication of the right renal collecting system; a voiding
cystourethrogram was normal. An electromyogram was obtained
and showed evidence of anal sphincter denervation of S2 and S3.

Pantopaque and Amipaque myelograms (fig. 1) demonstrated a
tapered narrowing of the distal subarachnoid space that terminated
at the L4 level. A prominent thickened filum terminale was noted
and the conus appeared enlarged but in normal position at T12-
L1. The Amipaque myelogram was followed by a computed tomog-
raphy (CT) scan, which showed no lipoma or other intrathecal mass.
A CT head scan showed moderate dilatation of the lateral ventricles
and mild cortical atrophy.

Lumbar laminectomy from L1 to L5 was performed. The dura was
stenosed distal to L2 and ended at L5 in a small lipoma. When the
dura was opened, the roots of the cauda equina appeared to follow
a normal direction without tension. However, the conus appeared
more rounded than usual and blunted, as had been shown on the
myelogram preoperatively. A fascia lata duraplasty was performed,
and the postoperative course was uneventful.

Follow-up of this child for 2 years has demonstrated significant
improvement both in gait and bowel and bladder incontinence. On
physical examination, bilateral ankle reflexes were present. The
electromyogram also demonstrated evidence of postoperative im-
provement with an increased number of anal sphincter motor unit
potentials compared with the preoperative study.

Case 2

A 17-month-old girl was initially referred for failure to thrive and
constipation. Laboratory data indicated early renal failure, and
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Fig. 1.—Case 1. A, Lumbar spine,
anteroposterior view. Transitional verte-
bra at lumbosacral junction with agene-
sis of sacrum below dysplastic S2 seg-
ment. B, Overpenetrated anteroposte-
rior Pantopaque myelogram. Unusual
rounded lower border of conus at upper
border of L1. Tapered termination of
subarachnoid space ended at L4 (ar-
row). C, Lateral view, Amipaque lumbar
myelogram. Agenesis of sacrum (arrow)
and tapered lower border of subarach-
noid space at L4 level.

urologic evaluation revealed a neurogenic bladder with bilateral
vesicoureteral reflux and hydronephrosis. Agenesis of the sacrum
distal to S1 was noted and she was placed on indwelling urethral
Foley catheter drainage.

On neurologic examination, atrophy of the gluteal muscles was
noted with slight tapering of the lower extremeties and the anal
sphincter tone was diminished. Motor strength was normal except
for mild weak plantar flexion bilaterally. Reflexes and sensation
were intact and there was no Babinski reflex. The gait was some-
what broad-based and unsteady. An electromyogram disclosed only
slight peroneal nerve slowing and no evidence of lower extremity or
anal sphincter denervation

Pantopaque myelography (fig. 2) demonstrated a high termina-
tion of the subarachnoid space at the L5 level with narrowing of the
distal segment. No intrathecal mass was seen and the conus ap-
peared normal.

Following myelography, the patient underwent a L3-L5 laminec-
tomy and fascia lata duraplasty. At surgery, the termination of the
dura at L5 appeared extremely tight and constricted. The filum
terminale was not sectioned since it did not appear to be under
tension. The patient tolerated the procedure well without any post-
operative complication.

At a follow-up visit 7 weeks postsurgery, the parents reported a
rapid improvement in the child's gait. She was able to run for the
first time without any evidence of unsteadiness or incoordination.
Further treatment subsequently included bilateral ureteronephros-
tomies and suprapubic cystostomy. At the last follow-up visit 6
months postsurgery, the gait was nearly normal. Lower extremity
muscle stength and tone were within normal limits and the deep
tendon reflexes were normal. Bladder catheterization was only
occasionally needed.

Case 3

A 19-day-old boy was referred to the Medical College of Georgia
for workup of a possible myelomeningocele. The infant was the
product of a normal, uncomplicated pregnancy and delivery. Family
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Fig. 2.—Case 2. A, Anteroposterior view. Tapered narrowing of subarach-
noid space at middle of L5. Lumbar puncture needle hub superimposed on
Pantopaque column. B, Lateral view. Sacral agenesis (short arrow) tapered
subarachnoid space terminates behind L5 vertebral body (long arrow). Some
leakage of Pantopaque around needle into posterior subdural space. Linear
filling defect represents separation of subarachnoid Pantopaque anteriorly
from subdural collection.

history was negative for diabetes mellitus or birth defects. At birth,
a soft, slightly protuberant mass over the lumbosacral region was
noted with an overlying dimple. Neonatal neurologic examination
was otherwise within normal limits. Radiographs of the spine dem-
onstrated absence of the right hemisacrum. Excretory urography
and CT of the head were normal.

The patient was readmitted at age 2 months for myelography,
spinal exploration, and excision of the sacrodermal sinus. Physical
examination remained within normal limits except for the presence
of the sacral soft tissue mass and dimple, and the neurologic
examination was normal.

Pantopaque myelography (fig. 3) demonstrated normal termina-
tion of the subarachnoid space at the S2 level. However, at the
inferior aspect the subarachnoid space appeared irregular, sugges-
tive of an intraarachnoid mass. The conus ended at the upper
border of L4 and the filum terminale appeared somewhat thickened.

At surgery, the sacrodermal sinus was explored and noted to
extend medially and superiorly through the center of a lipoma to
end extradurally at the L5-hemi-S1 interspace level. Superiorly the
lipoma and sinus tract blended intimately with thickened tissue
overlying the bony defect. The sinus was excised and subtotal
excision of the lipoma was performed. On opening the dura, adhe-
sive arachnoidal bands were found and a large filum terminale
identified that appeared taut and was transected. The intrathecal
contents otherwise appeared normal.

At a 2 month follow-up, the infant was doing well and appeared
neurologically intact.
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Case 4

A 6-year-old girl was admitted to the North Carolina Memorial
Hospital of the University of North Carolina for evaluation of urinary
incontinence. The patient had a mild gait disturbance and marked
pronation of both feet. An excretory urogram demonstrated age-
nesis of the sacrum below S3 and normal upper collecting struc-
tures. Cystometrography showed a very small capacity spastic
neurogenic bladder. Air myelography was subsequently performed
(fig. 4) and a posterior meningocele was found at the S3 level. In
addition, the spinal cord extended distally to the S2 level. Surgery
was not performed.

Discussion

The clinical features of sacral agenesis have been well
described [10-19]. The association with maternal diabetes
mellitus has been a subject of interest for some time [20-
22], and was present in one of our four cases. It appears
that sacral agenesis results from a combination of terato-
genic insult plus underlying genetic susceptibility of the
developing fetus.[8].

In the human embryo, somite formation occurs in a ceph-
alad to caudad progression with sacral and coccygeal ele-
ments being the last to appear at about 31 days gestation
[23]. The neural tube and notocord have been shown to
exert inductive influences on the developing axial skeleton,
and the mesodermal substratum similarly has a major influ-
ence on the process of neurulation [23]. Although the rela-
tion between sacral agenesis and spinal dysraphism is not
entirely clear, embryologic data support the hypothesis that
agenesis represents one aspect of the spectrum of congen-
ital abnormalities related to defects in closure of the dorsal
midline. In view of the known mutual inductive influence of
the developing axial skeleton and the central nervous sys-
tem, it is not surprising that bony agenesis might be found
in association with failure of development of the dural sac,
resulting in an abrupt high termination of the dura at or near
the level of the last normally formed vertebral segment. This
general correspondence between the point at which the
nervous system ends and the level of bony aplasia, for
varying degrees of lumbosacral agenesis, has been recog-
nized for some time [21, 24, 25].

Reports of myelography or of abnormal termination of the
dural sac have been very infrequent in the previous literature
of sacral agenesis. Four reports have described the myelo-
grams in a total of six patients, with illustration given for four
of these. In the two patients from the recent report of Pang
and Hoffman [9], preoperative myelography demonstrated
a dural sac stenosis in one patient, and the other patient
was found to have a tethered cord and a cauda equina cyst.
One of eight cases reported by Koontz and Prout [26] was
stated to have had several normal myelograms although
illustration was not given. Lourie [27] reported two patients
and illustrated the myelograms in one. In both cases, a high
termination of the subarachnoid space at the L5 level was
found. It was stated that the conus could not be identified,
and neither patient had surgery. The only other illustration
of a myelogram was given by Tanden and Lall [24]. Their
case had absence of the sacrum below the S1 level and the
myelogram showed the subarachnoid space to end at L4.
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Fig. 4. —Case 4. A, Anteroposterior tomogram. Low spinal cord in wide
subarachnoid space (arrows). B, Lateral tomogram. Agenesis of sacrum and
air within sacral meningocele (arrow).

At surgery, the spinal cord was also noted to be low in
position at L4 and the filum terminale was described as
being "‘well-developed.”” No other extradural or intradural
abnormality was found and there was no change postoper-
atively in the neurologic status of the patient.
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Fig. 3.—Case 3. A, Anteroposterior
view of lumbosacral spine. Right hemia-
trophy of sacrum (arrow). B, Overpene-
trated posteroanterior lumbar myelo-
gram. Low position of spinal cord termi-
nation in intradural filling defect at L4-
L5 (arrow). C, Lateral Pantopaque mye-
logram. Termination of subarachnoid
space at S2. Posterior filling defect (ar-
row), thought to represent intradural li-
poma, was actually extradural at sur-

gery.

One surgical and two autopsy reports have also described
high termination of the subarachnoid space in sacral age-
nesis, although pre and postoperative myelography was not
performed in any of these patients. Alexander and Hashold
[28] gave an operative report of a case with five lumbar
vertebrae and an absent sacrum in which termination of the
thecal sac at L2-L3 level was noted at surgery; however, a
stenosis of the sac at its termination was not specifically
described. No intrathecal abnormality was seen. The nerve
roots below the termination were embedded in fat and no
change in the neurologic status of the patient was noted
postoperatively. An autopsy report by Price et al. [29] de-
scribed abrupt termination of the spinal cord at L2 without
the normal tapering to the conus medullaris. Pathologically,
it was noted that the degree of spinal cord dysplasia in-
creased as the termination of the cord was approached.
The appearance of the thecal sac was not described. An
essentially identical appearance at autopsy was also re-
ported by Abraham [30] in a 7-day-old infant with complete
agenesis below a hypoplastic L3 vertebra. The conus med-
ullaris ended abruptly at T11 and the dural sac had an
abrupt termination at L2. The appearance of the conus in
the first patient of this report is similar to these two autopsy
descriptions, and was surgically confirmed. To our knowl-
edge, case 1 represents the first time this myelographic
finding has been described in sacral agenesis.

The myelographic findings in these cases can be divided
into two categories. The first two patients had myelograph-
ically demonstrated dural sac stenosis that was surgically
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confirmed, and both benefited from a duraplasty. These
cases are similar to case 1 of Pang and Hoffman [9]. There
was remarkable improvement in the degree of neurologic
deficit after the surgery in all of these cases. The second
category is represented by cases 3 and 4, similar to case 2
of Pang and Hoffman. Such cases have radiologic features
of spinal dysraphism, with a tethered spinal cord, but are
without a dural sac stenosis, and would probably benefit
from surgical release of the tethered cord. In case 3, a
thickened filum that appeared to be under tension was
transected and adhesive arachnoidal bands in the distal
thecal sac were released. No other significant intrathecal
abnormality was found in this patient. Case 4 similarly had
termination of the thecal sac at a normal level but with a low
lying tethered spinal cord and a posterior meningocele.
Case 2 of Pang and Hoffman also had a markedly thickened
filum tethering the conus.

Although used in only one of our four patients and one of
the two cases reported by Pang and Hoffman, Amipaque is
believed to be the superior contrast medium for myelogra-
phy in these children. This is due to both the better deline-
ation of intradural contents and the easier identification of
the conus it affords. Additional information in transaxial
projection may also be obtained by following the Amipaque
myelogram with a CT scan, as was done in case 1.

Our cases and review of the literature of sacral agenesis
appear to indicate that the myelographic findings could be
divided into two categories. One group has high termination
of the subarachnoid space with a stenosis of the dural sac,
while in the other the subarachnoid space may be normal or
widened, and features classically associated with spinal
dysraphism, including tethered cord, meningocele, and con-
genital tumors, are present.
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