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We report a rare case of idiopathic spinal cord herniation (ISCH) with a history of cerebrospinal fluid (CSF)
leakage. ISCH is a protrusion of the spinal cord through a dural defect. Thin constructive interference in
steady-state (CISS) images clearly demonstrated the herniated cord in the present case. The myelopathy wors-
ened and the patient underwent surgery for reduction of herniated spinal cord; the dural defect was filled by
placing collagen matrix graft (DuraGen") between the inner and outer dural layers. The patient’s symptoms
have improved without relapse for 8 months since surgery. This method may be a good surgical option for cases

of spinal cord herniation.
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S pinal cord herniation is a protrusion of the spinal
cord through a dural defect into the epidural
space. Spinal cord herniations are classified as trau-
matic, iatrogenic, or idiopathic according to the mech-
anism of onset. Spinal cord herniation can result in
progressive spinal cord dysfunction, for which surgical
intervention is often required.

Case Report

Clinical presentation before diagnosis.  The
patient was a 31-year-old man. Four years before pre-
senting at our institution, he felt a sudden strong shoul-
der pain, followed by a headache. CT images revealed
a chronic subdural hematoma (Fig. 1A). Cerebrospinal
fluid (CSF) leakage was suspected at the thoracic verte-
bral level and was considered the cause of the subdural
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hematoma. Burr hole surgery for the subdural hema-
toma and a blood patch for the CSF leakage were per-
formed at the local hospital. However, the headache
recurred, and the blood patch procedure was repeated.
This yielded temporary relief of headache symptoms.
However, two years later, the patient suffered from
warm pain disorder of the lower limb extending from
the right chest, and pain in the right lower limb without
motor deficits or bladder and bowel disturbances. The
patient was then referred to our hospital for treatment.
According to his neurological symptoms and increased
deep tendon reflex of the lower limbs, we suspected
myelopathy caused by a thoracic lesion.

MRI image acquisition. ~ MRI imaging was per-
formed with a 3.0-T clinical scanner (MAGNETOM
Prisma, Siemens, Erlangen, Germany). A sagittal
T2-weighted image revealed ventral deviation of the
spinal cord at the Th3/4 level (Fig. 1B). Axial construc-
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tive interference in steady-state (CISS) images were
acquired with the following parameters: TR/TE,
5.22/2.20 msec; matrix size, 320x256; FOV, 160 mm;
and slice thickness, 0.3 mm. Sagittal-plane CISS images
were obtained using multi-planar reformation. On the
sagittal CISS images, the spinal cord was found to be
deviated and attached to the left side of the ventral dura
mater. On axial CISS, part of the spinal cord was
shown to be herniated through the internal dura mater
(Fig.1C,D). Thus, we made the diagnosis of a spinal
cord herniation.

Surgical findings.  Neurosurgeons decided to
release the herniated part of the spinal cord and repair
the defect in the dura mater. Transcranial motor evoked
potentials (MEPs) and somatosensory evoked potentials
(SEPs) were recorded to monitor spinal cord dysfunc-
tion during the procedure. The surgeons performed left
hemilaminectomy of the Th3 and partial hemilaminec-
tomy at the rostral part of the Th4 lamina, so as not to

N\ A
Fig. 1

Acta Med. Okayama Vol. 76, No. 6

impair the articular capsule. After dural incision, the
dentate ligament was cut to explore the ventral side of
the spinal canal. The surgeons then observed the herni-
ation of the ventral part of the spinal cord through the
dural defect. The defect was 12 mm long in the rostro-
caudal direction. First, the surgeons detached the
adhesion between the cord and the edge of the dural
defect, returning the cord to the spinal canal. Then, the
surgeons attempted to patch the inner dural defect with
a collagen matrix graft (DuraGen": artificial dura
mater, Integra LifeSciences, Princeton, NJ, US).
However, the surgeons gave up on this method due to
transient attenuated MEPs. Instead, the dural defect
was covered with small pieces of collagen matrix graft
without fibrin glue application (Fig.2).

Clinical course. 'The pain in the right lower
extremity was improved immediately after the opera-
tion. The warm pain disorder distal to the Th4 level was
relieved on postoperative day (POD) 3. By POD 9,

Preoperative head CT and spinal MR images. A, A head CT image showed the right chronic subdural hematoma (arrowhead)

with midline shift; B, A sagittal T2-weighted image revealed the ventral deviation of the spinal cord at the Th3/4 level (arrow); C, on a
sagittal CISS image, the spinal cord was located ventrally (arrow) and no CSF was seen ventral to the cord. ; D, On an axial CISS image,
the spinal cord was herniated (arrow) through the inner layer of the dura mater (black arrowhead) and attached to the outer layer (white

arrowhead).
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Fig. 2

Intraoperative findings. A, The ventral part of the spinal cord was herniated through the dural defect (arrowhead) at the Th3-Th4

level; B, View of the dural defect after elevating the herniated spinal cord (arrow). The dural surface could be seen behind the dural
defect; C, Small pieces of collagen matrix graft were placed through the dural defect to fill the inter-dural space and prevent re-herniation.
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abnormal sensation had almost completely resolved.
The patient was discharged home on POD13 without
neurological deficits, except for a slightly increased
deep tendon reflex of the lower limb.

Postoperative MRI.  On a postoperative MRI, the
ventral deviation of the spinal cord and herniation had
disappeared. At that level the spinal cord exhibited a
slightly higher signal on axial CISS images (Fig.3B,C),
possibly due to the damage caused by long-term cord
herniation. The inserted DuraGen" pieces could be seen
as a low-signal band-like structure (Fig.3C).

Discussion

Clinical presentation and pathogenesis of idio-
pathic spinal cord herniation (ISCH).  First reported
by Wortzman in 1974, ISCH is a rare condition in
which part of the spinal cord protrudes through a ven-
tral or lateral dural defect [1]. ISCH has been observed
to occur in patients from 21 to 78 years of age (mean
age, 51years) and is relatively more common in
females than males (1.8:1) [2]. In a meta-analysis by
Groen in 2009, Brown-Séquard syndrome was the most
common clinical manifestation (66%, 85/129) and
paraplegia was the second (30%, 39/129), followed by
isolated sensory (3%, 4/129) or motor (1%, 1/129)
deficits [2]. ISCH can cause progressive myelopathy.
Neurological symptoms are commonly associated with
the degree of spinal cord herniation [3].

ISCH has become easier to recognize with the devel-
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opment in MRI technology, including high-resolution
MRI methods such as CISS and fast imaging employing
steady-state acquisition (FIESTA) [2]. The advantages
of CISS are its high signal-to-noise ratio, high contrast-
to-noise ratio [4], and intrinsic insensitivity to motion
[5]. CISS sequences play an important role in assessing
the structures surrounded by CSE. Spinal cord hernia-
tion is well visualized by CISS [6].

Various causes have been proposed to explain the
occurrence of the dural defect, including minor or
unrecognized trauma [1,7,8], congenital meningeal
malformations [9,10], pulsation of CSF flow [9,11],
and erosion of the dura mater by calcified discs or
osteocytes [12,13]. In this case, the patient had no
history of trauma, disc herniation, or degeneration of
the vertebral body that could have caused the dural
injury. Although the pathogenesis remains unclear,
some kind of dural defect might be a precondition of
ISCH [11]. In the present case, the inner surface of the
outer layer was seen intraoperatively through the dural
defect, confirming that the dura consisted of at least two
layers of membrane. The dura was separated into an
inner and an outer layer. In this case, the spinal cord
was herniated into the space between the two layers of
dura, through the defect of the inner layer. The causes
of spinal cord herniation have been discussed in a pre-
vious paper. The ventral part of the spinal cord might
protrude through a dural defect because of negative
pressure in the epidural space in the chest and the CSF
pressure gradient during the cardiac cycle [14]. We

Fig. 3

Postoperative MR images. A, A sagittal T2-weighted image revealed the cerebrospinal fluid space ventral to the spinal cord at

the Th3/4 level (arrow); B, On a sagittal CISS image, the ventral deviation of the spinal cord was shown to be reduced; C, An axial
CISS image showed the release of the herniated spinal cord. A mildly hyperintense lesion (arrow) could be observed on the left side of the
spinal cord. A low-signal band-like structure (arrowhead), which corresponded to the inserted DuraGen® pieces, could be seen on the

outside of the inner dura mater.
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believe that both layers of the dura are fragile, not just
the inner layer. In our case, the defect might have
existed in both layers of the dura, allowing for CSF
leakage. The amount of CSF leakage might depend on
the degree of the defect of the inner and outer layers of
the dura mater, as well as the degree of cord herniation.
Thus, the symptoms caused by CSF leakage and by
myelopathy from cord herniation might change over
time, although we could find no reports on this phe-
nomenon in our literature search. In our case, the
symptoms of CSF leakage were initially dominant. An
earlier MRI showed ventral deviation of the cord, indi-
cating cord herniation at that time. However, by the
time of admission to our institute, the herniation vol-
ume of the spinal cord might have increased, making
the symptoms of spinal cord herniation dominant while
the symptoms of CSF leakage had decreased (Fig.4). It
appears that the herniated spinal cord might have
reduced the amount of CSF leakage by blocking the
dural defect.

Surgical intervention.  Conservative treatment
may be considered for asymptomatic and mild ISCH.
Surgical intervention is the preferred treatment for all
advanced cases of spinal cord herniation [15-20]. There
have been several reports showing that even longstand-
ing patients may experience considerable neurological
improvement after appropriate treatment [2,21].

Although various procedures have been proposed
for the treatment of ISCH, there is currently no stan-
dardized procedure in terms of procedural safety and
prevention of re-herniation or adhesive arachnoiditis [22].
The two goals of surgery are to release the herniated
spinal cord and repair the dural defect. Several methods
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of repairing dural defects have been described. The two
major methods are direct suturing of the dural defect
and dural patching [2,23]. Various materials have been
proposed for the patch procedure, including fascia, fat,
expanded polytetrafluoroethylene, dural substitute,
Teflon, and bovine pericardium [1,15,22,24-26]. In
this case, we initially planned to patch the defect with a
sheet of collagen matrix graft. However, if this proved
not to be possible, we planned to simply fill the space
between the inner and outer layers of dura mater with
small pieces of collagen matrix graft, which is the pro-
cedure we eventually chose. There is no report of ISCH
treated by this procedure as far as we can discern.

Enlargement of the hiatus involves less manipulation
of the spinal cord, but it may not resolve CSF leakage.
In our case, we could not choose this method because
of the history of CSF leakage. Direct suturing might be
better to treat CSF leakage but involves more compres-
sion to the spinal cord during suturing. In a previous
report, this treatment led to a poor prognosis [27]. The
patches to the hiatus might have led to a good prognosis
after surgery, with good control of CSF leakage and less
compression to the spinal cord than direct sutures (Fig. 5).
However, the patch must be as thin as possible, and in
this case, the compression to the spinal cord by the cir-
cumferentially placed watery collagen matrix graft sheets
might have led to the attenuated MEPs. Furthermore,
patches sometimes induce adhesive arachnoiditis over
time. Based on our experience with this case, filling the
inter-dural space with small pieces of collagen matrix
graft appears to be a good surgical option to repair
dural defects like the one described here.

Conclusion.  ISCH is a rare disease, and specific
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Schematic drawing of spinal cord herniation pathogenesis in our case. A, A defect occured in the dura; B, The dura separated

into the inner layer and the outer layer. Negative pressure in the thoracic extradural space or pulsatile flow of CSF caused spinal cord
herniation. It is believed that the CSF entered the space between the inner and outer layers, and that the CSF then leaked from the defect
of the outer layer, resulting in CSF leakage; C, Development of spinal cord hermiation may have reduced CSF leakage by blocking the
dural defect.
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Surgical strategies for spinal cord herniation. A, Widening the dural defect; B, Direct suture of the dura; C, Ventral dural

patch; D, Filling the inter-dural space with small pieces of collagen matrix graft.

attention should be paid to cases with CSF leakage or
myelopathy. Returning the spinal cord to the spinal
canal, then filling the inter-dural space with small
pieces of collagen matrix graft may be a good surgical
option for repair of spinal cord herniation.

Ethical approval.  All procedures performed in
this study involving human participants were in accor-
dance with the ethical standards of the institutional
and/or national research committee (IRB#1911-023)
and with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards.

References

1. Wortzman G, Tasker RR, Rewcastle NB, Richardson JC and
Pearson FG: Spontaneous incarcerated herniation of the spinal
cord into a vertebral body: a unique cause of paraplegia—case
report. J Neurosurg (1974) 41: 631-635.

2. Groen RJ, Middel B, Meilof JF, de Biezenbos JBMDV, Enting RH,
Coppes MH and Journee LH: Operative treatment of anterior tho-
racic spinal cord herniation: three new cases and an individual
patient data meta-analysis of 126 case reports. Neurosurgery (2009)
64 (suppl 3): ons145-ons159, discussion ons159-0ns160.

3. Haber MD, Nguyen DD and Li S: Differentiation of idiopathic spi-
nal cord herniation from CSF-isointense intraspinal extramedullary
lesions displacing the cord. Radiographics (2014) 34: 313-329.

4. Roser F, Ebner FH, Danz, S, Riether F, Ritz R, Dietz K,
Naegele T and Tatagiba MS: Three-dimensional constructive inter-
ference in steady-state magnetic resonance imaging in syringomye-
lia: advantages over conventional imaging. J Neurosurg Spine (2008)
8: 429-435.

5. Chavhan GB, Babyn PS, Jankharia BG, Cheng HL and Shroff MM:
Steady-state MR imaging sequences: physics, classification, and
clinical applications. Radiographics (2008) 28: 1147-1160.

6. Hingwala D, Chatterjee S, Kesavadas C, Thomas B and
Kapilamoorthy TR: Applications of 3D CISS sequence for problem
solving in neuroimaging. Indian J Radiol Imaging (2011) 21: 90-97.

7. Ghostine S, Baron EM, Perri B, Jacobson P, Morsette D and Hsu FP:
Thoracic cord herniation through a dural defect: description of a
case and review of the literature. Surg Neurol (2009) 71: 362-366,
discussion 366-367.

8. Urbach H, Kaden B, Pechstein U and Solymosi L: Herniation of

20.

21.

the spinal cord 38 years after childhood trauma. Neuroradiology
(1996) 38: 157-158.

Ewald C, Kuhne D and Hassler WE: Progressive spontaneous
herniation of the thoracic spinal cord: case report. Neurosurgery
(2000) 46: 493-495; discussion 495-496.

Miyake S, Tamaki N, Nagashima T, Kurata H, Eguchi T and
Kimura H: Idiopathic spinal cord herniation. Report of two cases
and review of the literature. J Neurosurg (1998) 88: 331-335.
Tekkok IH: Spontaneous spinal cord herniation: case report and
review of the literature. Neurosurgery (2000) 46: 485-491; discus-
sion 491-492.

Miyaguchi M, Nakamura H, Shakudo M, Inoue Y and Yamano Y:
Idiopathic spinal cord herniation associated with intervertebral disc
extrusion: a case report and review of the literature. Spine (Phila
Pa 1976) (2001) 26: 1090-1094.

Sagiuchi T, lida H, Tachibana S, Utsuki S, Tanaka R and Fujii K:
Idiopathic spinal cord herniation associated with calcified thoracic
disc extrusion--case report. Neurol Med Chir (Tokyo) (2003) 43:
364-368.

Cellerini M, Bayon S, Scazzeri F, Mangiafico S, Amantini A,
Guizzardi GC and Giordano GP: Idiopathic spinal cord herniation:
a treatable cause of Brown-Séquard syndrome. Acta Neurochir
(Wien) (2002) 144: 321-325.

Barrenechea IJ, Lesser JB, Gidekel AL, Turjanski L and Perin NI:
Diagnosis and treatment of spinal cord herniation: a combined
experience. J Neurosurg Spine (2006) 5: 294-302.

Hawasli AH, Ray WZ and Wright NM: Symptomatic thoracic spi-
nal cord herniation: case series and technical report. Neurosurgery
(2014) 10: E498-504; discussion E504.

Martinez-del-Campo E, Moon K, Kalb S, Soriano-Baron H and
Theodore N: Surgical Management of a Patient With Thoracic
Spinal Cord Herniation: Case Report. Neurosurgery (2015) 77:
E492-498; discussion E498-499.

Prada F, Saladino A, Giombini S, Erbetta A, Saini M, DiMeco F
and Lodrini S: Spinal cord herniation: management and outcome
in a series of 12consecutive patients and review of the literature.
Acta Neurochir (Wien) (2012) 154: 723-730.

Najjar MW, Baeesa SS and Lingawi SS: Idiopathic spinal cord
herniation: a new theory of pathogenesis. Surg Neurol (2004) 62:
161-170; discussion 170-171.

Samuel N, Goldstein CL, Santaguida C and Fehlings MG:
Spontaneous resolution of idiopathic thoracic spinal cord hernia-
tion: case report. J Neurosurg Spine (2015) 23: 306-308.
Imagama S, Matsuyama Y, Sakai Y, Nakamura H, Katayama Y,
lto Z, Wakao N, Sato K, Kamiya M, Kato F, Yukawa Y, Miura Y,
Yoshihara H, Suzuki K, Ando K, Hirano K, Tauchi R, Muramoto A



736 Kamamura et al.

22.

23.

24.

and Ishiguro N: Image classification of idiopathic spinal cord herni-
ation based on symptom severity and surgical outcome: a multi-
center study. J Neurosurg Spine (2009) 11: 310-319.

Akutsu H, Takada T, Nakai K, Tsuda K, Sakane M, Aita | and
Matsumura A: Surgical technique for idiopathic spinal cord hernia-
tion: the Hammock method. Technical note. Neurol Med Chir (Tokyo)
(2012) 52: 238-242.

Sioutos P, Arbit E, Tsairis P and Gargan R: Spontaneous thoracic
spinal cord herniation. A case report. Spine (Phila Pa 1976) (1996)
21: 1710-1713.

Ammar KN, Pritchard PR, Matz PG and Hadley MN: Spontaneous
thoracic spinal cord herniation: three cases with long-term fol-
low-up. Neurosurgery (2005) 57: E1067; discussion E1067.

25.

26.

27.

Acta Med. Okayama Vol. 76, No. 6

Arts MP, Lycklama a Nijeholt G and Wurzer JA: Surgical treat-
ment of idiopathic transdural spinal cord herniation: a new tech-
nigue to untether the spinal cord. Acta Neurochir (Wien) (2006)
148: 1005-1009.

Massicotte EM, Montanera W, Ross Fleming JF, Tucker WS,
Willinsky R, TerBrugge K and Fehlings MG: Idiopathic spinal cord
herniation: report of eight cases and review of the literature. Spine
(Phila Pa 1976) (2002) 27: E233-241.

Berg-Johnsen J, lIstad E, Kolstad F, Zuchner M and Sundseth J:
Idiopathic ventral spinal cord herniation: an increasingly recog-
nized cause of thoracic myelopathy. J Cent Nerv Syst Dis (2014)
6: 85-91.



