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ACKGOUND
diopathic spinal cord herniation is a rare entity that has
een described more frequently over the past few years.

ts pathophysiology remains obscure, however.
ETHODS
e report a case of spinal cord herniation and review the

iterature extensively. In view of our review, we try to
etermine the clinical features of the condition and the
iagnostic measures used, with emphasis on the role of
agnetic resonance (MR) phase-contrast CSF study. The

actors affecting the outcome of the condition are also
tudied including time and type of presentation, as well
s the surgical procedure performed. The pathophysio-
ogical mechanisms behind spontaneous herniation are
iscussed, and a new hypothesis is proposed.
ESULTS

diopathic spinal cord herniation occurs in the middle-
ged adult, with a preponderance of patients being fe-
ale. Brown-Séquard syndrome is the most common clin-

cal presentation and usually progresses to spastic
araparesis. MRI typically shows a ventral kink in the
horacic cord, with MR phase-contrast imaging proving
n important addition to exclude an arachnoid cyst. Bet-
er outcomes were noted in the patients treated earlier,
nd in those with no spasticity. Widening the dural defect
eems to afford better results compared to grafting of the
efect. The prognosis is favorable after correction,
hough a vertebral body herniation variant may be asso-
iated with worse outcome. In view of the chronology of
vents and imaging studies in our patient, we hypothesize
hat herniation occurs as an acquired phenomenon
here an inflammatory process results in adherence be-

ween the spinal cord and the dura, with erosion, forma-
ion of a dural defect, and then later herniation occurring
ith cerebral spinal fluid (CSF) pulsations.
ONCLUSIONS

diopathic herniation of the spinal cord should be recog-
ized and treated early to reach a favorable outcome. It
eems to be an acquired condition likely caused by an
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nflammatory event, the nature of which is to be
etermined. © 2004 Elsevier Inc. All rights reserved.
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diopathic spinal cord herniation is a rare condi-
tion that is being increasingly reported and rec-

gnized over the past years. We present one such
ase that presented with Brown-Séquard syndrome
nd progressed to parapresis. We found magnetic
esonance (MR) phase-contrast imaging of CSF flow
o be of special value in the evaluation of these
atients. We review the reported cases in the liter-
ture and summarize, in the context of this review,
he pathophysiological mechanisms behind the
ondition, as well as diagnostic measures and pro-
osed treatment techniques and their outcome. We
ropose a new theory on formation of the dural
efect other than a congenital cause: an inflamma-
ory reaction leading to cord adhesion and later
ural dehiscence.

ase Report
ISTORY AND EXAMINATION
32 year-old man had a history dating back to 1991,
hen he developed pain and hyperesthesia in the
pper extremities and the right lower extremity

ollowing high-grade fever after septoplasty. He also
ad weakness in the hand grips bilaterally and dif-

usely in the right leg. Erythrocyte sedimentation
ate was slightly elevated according to the old
ecords. He was treated with nonsteroidal anti-
nflammatory agents and physical therapy on the
uspicion of postinfective radiculopathy. He im-
roved but presented again in 1994 with weakness
n the right leg, apparent to him when he played

0090-3019/03/$–see front matter
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occer. Examination showed a Brown-Séquard syn-
rome below T9, with decreased pain and temper-
ture sensation in the left leg and weakness of the
ight leg. He had a positive Babinski sign on the
ight. An MRI was reported as showing deformity of
he spinal cord at T8-T9, with atrophy and distor-
ion. A myelogram and later a computed tomogra-
hy (CT) myelogram in 1994 showed the cord ad-
erent ventrally to the dura at the same level
Figure 1), and he was thought to have had trans-
erse myelitis and was treated conservatively. He
ontinued to have progressive deterioration with

1 CT myelogram of the tho-
racic spine in 1994. A: sag-

ttal reconstructed image show-
ng the spinal cord kinked
entrally at the level of T8/T9
ith a patent dorsal subarach-
oid space. B: Axial section at
9 demonstrating ventral adher-
nce of the spinal cord. C: A
ower axial section at T11 show-
ng the cord back into its normal
osition. Note the absence of a
entral extradural cyst or CSF
ollection in both axial sections.
ifficulty in walking, increased deep tendon re-
exes, and 4/5 weakness in the left lower extremity,

n addition to the 3/5 weakness on the right. MRI of
he dorsal spine was done in 1999 and showed an
nterior kink of the spinal cord at T8/9 level, typical,
hough in retrospect, of idiopathic spinal cord her-
iation. It was interpreted as an arachnoid cyst
ompressing the cord, and he was thus operated.
he surgeon reported several layers of arachnoid
orsally, raising the suspicion of an old inflamma-
ory process but no arachnoid cyst. He dissected
he flattened cord ventrally and reported an ante-
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ior dural pouch, which was in fact the dural defect,
ut failed to recognize the pathology and did not
educe the spinal cord. He thought that the patient
ad an atrophic spinal cord stuck ventrally to the
ura. Two postoperative MRIs showed persistence
f the same pathology. There was no clinical im-
rovement, but rather gradual deterioration in

unction of the lower extremities and bladder con-
rol. One year later, he had a CT myelogram to rule
ut a recurrent arachnoid cyst. This showed a
atent arachnoid space dorsal to the spinal cord.
he defect in the dura is seen, though in retrospect,
s well as the formation of an extradural cystic
pace (Figure 2). The patient was thought to have
ostinflammatory atrophic changes in the spinal
ord and was advised against further surgery.
hen he came to our attention in 2002, he had

ecome markedly spastic, and barely able to stand
n the crutches. He could not walk any more and
as bound to the wheelchair. A thin section MRI of

2 CT myelogram of the thoracic spine in 2001. A ven
herniates from the intradural compartment into the

pace is patent.
he dorsal spine and a phase-contrast study were
erformed.

EURORADIOLOGICAL STUDIES
hin-section MRI of the dorsal spine was per-

ormed. It noted anterior deflection of the spinal
ord at the T8-T9 level, unchanged from the previ-
us MRIs in 1999 and 2000 (Figure 3). The axial and
agittal 3-D CIS study clearly demonstrated a large
efect in the right antero-lateral surface of the the-
al sac through which the spinal cord herniated
nto the anterior epidural space and then went back
o the thecal sac. The findings were similar to a CT
yelogram done 1 year earlier, showing 2 separate

ompartments communicating through the defect
Figure 2). Interestingly, these 2 compartments
ere not existent in the 1994 CT myelogram
rought to our attention at a later date. The findings
n the older myelogram and their significance as far
s pathophysiological mechanisms for formation of

extradural cystic space has developed. The spinal cord
c space through a dural defect. The dorsal subarachnoid
tral
cysti
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he defect and herniation of the spinal cord will be
iscussed later.
A sagittal and axial phase-contrast cine MR CSF

ow study documented interruption of the normal
ystolic-diastolic flow of the ventral subarachnoid
pace at the level of the herniation (Figure 4). The

3 Sagittal T2 weighted 3D CIS MR image of the tho-
racic spine. The spinal cord herniates ventrally in a

shaped fashion at T8/T9 level.

4 A and B: Phase-contrast cine MRI of the thoracic sp

noid space and interrupted flow ventrally at the level o
SF flow within the posterior subarachnoid space
as continuous with no evidence of any isolated
ystic compartment posterior to the cord.

PERATION
he patient was subjected to revision of his lami-
ectomy at T8-T9 in June 2002 under general anes-
hesia. The dura and arachnoid were opened again
nd the spinal cord was seen to be displaced ante-
iorly and to the right. The spinal cord was turned
lightly to reveal the defect. The herniated cord was
educed back into the intradural compartment after
issecting the adhesions between the cord and du-
al edge sharply. A sheet of polytetrafluroethylene
urgical membrane was used to cover the defect
nd fixed to the dura with 4 stay sutures to prevent
ecurrence of herniation.

OSTOPERATIVE COURSE
he patient’s neurologic condition worsened imme-
iately postoperatively, but then started to improve
radually until he regained his preoperative status
fter about 4 weeks. He was able to walk with the
elp of crutches a few weeks later and continues
ith gradual and slow improvement. Despite the
otor improvement, the sensory changes per-

isted, mostly in the form of numbness in the lower
xtremities. A postoperative MRI and CSF flow
tudy showed successful reduction of the spinal
ord with straightening of the kink at T8-T9, and
ormal flow pattern ventral and dorsal to the spinal

emonstrating patent flow of CSF in the dorsal subarach-
ine d

f the herniation (arrow).
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ord. There was mild increased signal intensity
ithin the cord substance suggestive of
yelomalacia.

iscussion
ATHOPHYSIOLOGY

pontaneous ventral herniation of the spinal cord
hrough a previously uninjured dural defect
hrough a dural defect is an exceptional occur-
ence. A striking similarity in the clinical presenta-
ion and radiologic appearance exists among the
arious cases reported, increasing the index of sus-
icion among treating physicians and thus the num-
er of cases reported lately. Little is known of the
athophysiology of the condition, however.
We have identified 79 cases (including our case)

f idiopathic spinal cord herniation in an extensive
eview of the literature (Table 1). Most of the cases
ad been reported over the past 3 years. The first
atient was reported by Wortzman et al in 1974,
fter disclosing the herniation through a thoracic
pproach and repairing the dural defect [35]. Isu et
l, in 1991, postulated that the ventral defect was
aused by pressure transmitted from the cord from
dorsal arachnoid cyst and treated both patients

eported by excising the arachnoid cyst with some
ensory improvement [11]. Since then, various the-
ries to explain the formation of the dural defect
ave been formulated. The concept of pressure ero-
ion proposed by Isu et al seems unlikely. Arach-
oid cysts were reported in association with spinal
ord herniation in 14 out of the 79 cases
11,17,18,22,24,31,34]. Most of these cases were
arly reports. The patient reported by Sioutos et al
n 1996 had been previously operated for excision
f the arachnoid cyst with no improvement. She

mproved later after addressing the dural defect
nd reducing the spinal cord. Thickened arachnoid,
aising the suspicion of an arachnoid cyst, has been
entioned in several reports [1,14,26,27,34] and
as noted by the neurosurgeon who operated our
atient the first time. Releasing the thickened
rachnoid and/or resecting the suspected cyst did
ot cause the spinal cord to move back from its
entral position in both patients reported by Wada
t al, and resection of the inner dura to widen the
ural defect and treat the herniation was necessary
30]. Although an association with arachnoid cysts
s possible, we believe that this does not bear any
ignificance on the pathophysiology of the disease,
nd the thickened arachnoid seen in many cases
ay have led to misdiagnosis in some cases [26].

A remote history of trauma is also reported in a f
ew cases [5,28,33,35]. It is difficult to attribute the
ural defect and herniation to such remote events,
specially that the likelihood of significant trauma
o cause a dural tear and no neurologic injury is
mall [34]. Traumatic and iatrogenic spinal cord
erniations are usually posterior rather than ante-
ior and occur in the cervical and dorsal spine [13].

Thoracic disc herniation was thought to be one of
he possible causes of herniation by some authors
10,33,35]. The case reported by Miyagushi et al in
001 is the only case in the literature that is asso-
iated with a herniated disc at T3/T4 level visual-
zed at surgery [19]. Several cord herniations oc-
urred at the level of the vertebral body and not the
ntervertebral disc area [3,5,6,9,10,21,24,34,35].
hese were thought to have a worse prognosis in a
ecent report by Barbagallo et al, where both pa-
ients reported had poor clinical outcome after sur-
ery [3].
Another explanation favored by several Japanese

uthors [2,17,18,21,22] involves the duplication of
he ventral dura, with the spinal cord herniating
hrough the inner layer of the duplicated dura.
here has been no radiologic or pathologic evi-
ence of such duplication [26]. In the patient re-
orted by Ewald et al, the MRI was normal at initial
linical presentation with a Brown-Séquard syn-
rome [9]. There was no duplication of the dura nor
ny ventral cysts, though a defect in the dura can-
ot be ruled out. One and a half years later, and
ith progression of the symptomatology, the cord
as found adherent to the ventral dura at the level
f T6. Six months later, spinal cord herniation was
een on the third MRI. We had a similar experience
ith the CT myelogram done in 1994 (Figure 1)

howing adherence of the spinal cord ventrally but
o duplication or ventral cyst. In 1999, 2001, and

ater 2002, there was a clear ventral CSF filled space
nto which the cord had herniated through the du-
al defect (Figure 2). These findings argue against
nother theory proposed by Wortzman et al and
asuzawa et al, where they postulated that idio-

athic spinal cord herniation results from the spi-
al cord herniating into a preexisting ventral me-
ingocele [16,35]. They also argue against a
ongenital extradural arachnoid cyst as proposed
y Kumar et al [12]. In addition to the late presen-
ation of most of these patients (middle aged
dults), there were no spinal deformities such as
pina bifida in any of the cases reported in the
iterature. Therefore, an acquired phenomenon, ap-
arently restricted to one occurring in adult life and

nvariably associated with de novo symptoms, is

avored [3]. Progressive herniation from normal
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1 Summary of Reported Cases of Spinal Cord Herniation

AUTHORS AGE SEX SYMPTOMS DURATION LEVEL PROCEDURE OUTCOME

ortzman et al, 1974 63 M BS 1.5 yr T 7 Direct suture W-IM
asuzawa et al, 1981 36 M BS 1 yr T 4/5 Graft IM, IS
e et al, 1990 61 M BS NA T 4/5 Defect widening Same

su et al, 1991 43 F BS 1 yr T 5/6 Arachnoid cyst
resection

IS

45 F SP 1.5 yr T 2/3 Arachnoid cyst
resection

IS

ronnier et al, 1991 45 F BS 3 yr T 3/4 Patch W-IS
akazawa et al, 1993 43 F BS 5 yr T 2 Defect widening IM�S

39 F BS 3 yr T 4/5 Defect widening IM
hite and Firth, 1994 61 F BS 1.5 yr T 4 Graft Same

39 M SP 1.5 yr T 8 Graft Same
umar et al, 1995 38 M BS 3 yr T 7/8 Direct suture IM�S
orges et al, 1995 68 F BS 12 yr T 7 Direct closure IM�S

69 M BS 8 yr T 2/3 Direct closure IM
48 F BS 10 yr T 7 Direct closure IM

atzdorf et al, 1995 23 F BS 2 yr T 6/8 Patch IM
ausmann and
Moseley, 1996

56 F BS 8 yr T 6 Direct closure Same
36 M SP 10 yr T 6/7 Resection of hernia Worse
51 F BS 1 yr T 6/7 Hernia not

confirmed
surgically

Same

49 M SP 3 yr T 4/5 Hernia not
confirmed
surgically

Same

atsumara et al, 1996 63 F SP NA T 3/4 Defect widening I
iura et al, 1996 49 M BS 13 m T 5/6 Defect widening IM
rbach et al, 1996 44 M Sensory 2 yr T 5/6 Laminectomy I
ioutos at al, 1996 34 F BS 3 yr T 7 Graft W-IM
lavotinek et al, 1996 22 F BS 4 yr T 5 Laminectomy I
chino et al, 1997 71 F BS 2 yr T 4/5 Direct closure Same

61 F BS 2 yr T 6 Direct closure NS
aur et al, 1997 66 F BS 7 yr T 10 Direct closure IM�S
akahashi et al, 1997 57 M BS NA T 2/3 Graft NA

56 F SP NA T 3/4 Graft NA
68 M SP NA T 7/8 Graft NA

iyake et al, 1998 45 F BS 3 yr T 3/4 Patch IM�S
53 M BS 6 yr T 2/3 Patch IM

ix et al, 1998 44 F BS NS T 7/8 Graft IM
atters et al, 1998 55 F BS 10 yr T 3/4 Direct closure IM
allée et al, 1999 28 F BS 2 yr T 3/4 Defect widening IM

58 F BS 6 yr T 4/5 Patch IM
40 F BS 2 yr T 5/6 Patch Same
49 F BS 4 yr T 4/5 Patch Same

rugières et al, 1999 54 F BS 5 yrs T 6 Direct
closure�Biopsy

W-I

70 M BS 6 m T 5/6 Direct closure IS
arshman et al, 1999 55 F BS — SP 14 yr T 7/8 Patch IM
be et al, 1999 58 M BS 4 yr T 7/8 Defect widening IM
erny et al, 1999 28 F SP 18 m T 3/4 NA I

58 F BS NA T 4/5 NA I
ekkök et al, 2000 49 F BS 3 yr T 3/4 Patch IM
wald et al, 2000 51 F BS 2 yr T 6 Patch IS
ada et al, 2000 59 M BS 4 yr T 4/5 Defect widening IM

63 F BS 10 yr T 3/4 Defect widening IM
48 M BS 2 yr T 5/6 Defect widening IM

ereira et al, 2001 55 M SP 4 yr T 2/3 Fill defect w Teflon IM�S
iyagushi et al, 2001 54 F BS 2 yr T 3/4 Graft I
erbel et al, 2001 56 M BS NA T Could not be

reduced
Same
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natomy in Ewald’s case and from ventral adher-
nce in our case supports this concept.
We would like to propose a new mechanism be-

ind the formation of the dural defect and thus later
pinal cord herniation. We have to take into con-
ideration the fact that the spinal cord lies ventrally
n the thoracic canal, and that all cases of sponta-
eous spinal cord herniation were ventral or ven-
rolateral. It seems likely that an inflammatory pro-
ess involving the spinal cord and/or the meninges
s the initial event that leads to ventral adhesion of
he cord to the dura (because of its normal posi-
ion). The initial event may be asymptomatic clini-
ally or cause mild clinical symptomatology, but
ymptoms gradually worsen as the spinal cord is
ethered and later starts to herniate through a dural
efect probably caused by the inflammation, adhe-
ion and the pulsatility of the now fixed spinal cord.
dhesions are invariably encountered at the dural
dge of the dural defect and prevented reduction of
he herniated cord in the case reported in 2001 by
erbel et al [4]. Dorsally thickened arachnoid has
een cited by many authors [1,14,26,27,34]. It was
hought that this thickening was secondary to in-

1 continued

AUTHORS AGE SEX SYMPTOMS

orkoff et al, 2001 33 F BS
gushi et al, 2001 54 F SP
izawa et al, 2001 44 M BS

60 F BS
59 F BS

atanabe et al, 2001 43 F BS
39 F BS
54 F BS
71 F SP
49 M BS
47 F BS
78 F SP
56 M BS
47 M SP

ellerini et al, 2002 53 M BS
37 F BS

assicotte et al, 2002 63 M BS
39 F BS
50 M numbness
44 F SP
33 F BS
57 F SP
27 M BS
46 F BS

iuseppe et al, 2002 28 F SP
64 M SP

ajjar et al 32 M SP

BS � Brown-Séquard syndrome; SP � spastic paraparesis; I � improve
otor and sensory; W-I(M or S) � worse then improved (motor or senso
ammation resulting from incarceration of the cord
34]. We have demonstrated that ventral adherence
f the cord occurred before herniation, and thus
hink that the inflammatory reaction causing thick-
ning of the arachnoid takes place early in the
athogenesis of the disease. It seems likely that
ulsations of the now stuck spinal cord may cause
rosion of the dura and the formation of a dural tear
r defect. The cord then progressively herniates
hrough the defect, and pulsating CSF seeping
round the herniating cord causes the formation
nd gradual enlargement of an anterior extradural
yst. The growth of the extradural cyst is demon-
trated comparing the MRI done in 1999 to that
one in 2002 in our patient. The cyst was not
resent in the 1994 CT myelogram. Intraoperatively,
he ventral wall of the cyst was covered with a
hitish membrane. Several authors [12,35] have

eported a similar finding of pseudocapsular tissue
ather than dura, in further support of our hypoth-
sis. Histologic diagnosis of the ventral cyst wall is
eeded, however, for verification. Histologic assess-
ent of the dural edge, on the other hand, had been

erformed by several authors and showed normal
ura in all the cases [2,9,20,31].

RATION LEVEL PROCEDURE OUTCOME

NA NA NA I
NA T 4/5 Laminectomy Same
5 yr T 8/9 Defect widening IM
3 yr T 4/5 Defect widening IM
20 yr T 4/5 Defect widening IM
5 yr T 4 Defect widening I
3 yr T 3 Defect widening I
4 yr T 4 Defect widening I
5 yr T 4 Defect widening Worse
5 yr T 4 Defect widening I
5 yr T 5 Defect widening I
4 yr T 4 Defect widening I
2 yr T 6 Defect widening I
3 yr T 3 Defect widening I
1 yr T 8/9 Patch IM
6 m T 4/5 Patch IM�S
14 yr T 5/6 Observation Same
Yrs T 6/7 Patch IM�S
6 yr T 4 Observation Same
11 yr T 5/6 Patch Same
2 yr T 7/8 Observation Same
8 yr T 6 Patch Same
1 yr T 9 Patch IM
2 yr T 4 Observation Same
5 yr T 6 Patch W-I
4 yr T 8 Patch Worse
8 yr T 8/9 Patch W-IM

� improved motor function; IS � improved sensation; IM�S � improved
S � not specified; NA � not available.
DU

d; IM
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LINICAL PRESENTATION
diopathic spinal cord herniation typically occurs in

iddle-aged adults. The median age in all 79 cases
eported was 49.88 years or 50 years, with the
oungest patient being 22 years of age and the
ldest 78 years. There is a female preponderance
ith 50 female patients compared to 29 males, and
ratio of slightly less than 2:1. The most common

linical presentation was that of a Brown-Séquard
yndrome (75% of the patients), which slowly
rogresses, as seen in our patient and in other
eports [9,14], into a spastic mono- or paraparesis,
uggesting a predominant involvement of the an-
erolateral funiculus. The herniated funiculus is in-
arcerated in the dural defect, and may appear as a
umor-like nodule resulting in biopsy [9,10,16,24,
8], or even frank resection [12] in earlier cases.
his is to be avoided to prevent postoperative neu-
ologic deterioration. Histologic sections had
hown degenerated spinal cord tissue in all the
ases. Patients usually presented within few and up
o 20 years in the 3rd case reported by Aizawa et al.
he mean duration of symptomatology was 4.25
ears for patients who came in with a Brown-
équard syndrome and 5.34 years for those present-
ng with spastic paraparesis, an expected find-
ng. Posterior column involvement as presenting
ymptomatology has been recorded [12,24], and
arbagello et al reported a patient with bilateral
ensory level affecting all modalities and associated
ith paraparesis [3]. Sphincter dysfunction is also

requently cited in idiopathic spinal cord herniation
12,18,24,28,35].

ADIOLOGIC EVALUATION
diopathic or spontaneous herniation of the spinal
ord occurred in the thoracic spine in all the cases
eported. The herniation is either ventral or ventro-
ateral through an oval dural defect. MRI findings
re typical showing on the sagittal scan an anterior
-shaped kink of the spinal cord, together with sec-
ndary enlargement of the dorsal subarachnoid
paces. The spinal cord may be thinned because of
trophy or may show signal changes. The axial MRI
cans may show the dural defect in addition to the
erniation. A “double cord” sign may be a clue to
erniation of the cord rather than presence of an
rachnoid cyst. Phase-contrast cine MRI is crucial
o exclude a posterior compressing arachnoid cyst
nd establish the diagnosis [1,6,7,20,23,29]. A nor-
al CSF pulsatile pattern is observed within the
orsal subarachnoid spaces, whereas this pattern

s absent on the ventral side, at the level of the

erniation. Together with an MRI scan, phase- o
ontrast cine MRI provides the diagnosis without
he need for an invasive diagnostic measure such as
T myelography.

ANAGEMENT
here are two main treatment strategies. One is
losure of the defect after reducing the spinal cord,
nd the other is simply widening the aperture to
revent strangulation of the cord. Isu et al treated
he suspected arachnoid cyst and reported some
mprovement [11]. This has not been the case in
ther cases [24,25] where the suspected arachnoid
yst was treated including our patient who contin-
ed to deteriorate until the spinal cord herniation
as addressed. Tekkök believes that the idea of an
ssociation between arachnoid cysts and spinal
ord herniation is mistaken and that the cases re-
orted, actually involved enlarged CSF spaces with

oosened arachnoid membranes [26].
Direct closure of the dural defect was first per-

ormed by Wortzman et al through an anterior ap-
roach. It was later done via a laminectomy expo-
ure with acceptable results. To avoid excessive
anipulation of the cord, grafting the dura with

ascia or synthetic patch was recommended by sev-
ral authors [3,7–9,12,14,15,19,24,26,27,34]. Dura-
lasty to accommodate the mass-like swollen cord
fter reducing it has also been performed. Another
urgical method involves widening of the dural de-
ect through a laminectomy exposure to relieve the
trangulated cord. It was first described by Naka-
awa et al who thought that resecting the inner
ayer of the duplicated dura frees the cord and
everses the symptomatolgy [21]. Watanabe et al
rgue that this procedure is easier and safer than
epairing the dural defect with sutures [32]. They
ecommend resection of the dural ring to be done
fter release of the spinal cord to avoid neurologic
eterioration. Pereira et al describe a unique tech-
ique of filling the defect with a piece of Teflon®
nd then fixing it with fibrin glue with a favorable
esult [23].

Conservative observant management is another
ption in some patients with mild symptomatology.
assicotte et al report on 8 cases of idiopathic

pinal cord herniation where 4 of them were stable
n observant treatment, and they recommend mi-
rosurgical repair in patients with progressive neu-
ologic deterioration [15]. We feel that the presence
f long tract signs, even if seemingly stable, warrant
urgical intervention. All 4 patients who underwent
bservant treatment had sensory disturbances

nly, with no other signs.



O
T
S
M
s
n
r
w
i
i
[
i
t
s
w
e
c
t
s
c
o
s
a
n
F
s
v
f
s
w
p
t
c
p
p
c
t

C
I
h
r
a
p
a
o
c
a
s
i
h
o
s

a
c
t
c
p
t
a
p
a
h
i

R

1

1

1

1

1

169Idiopathic Spinal Cord Herniation Surg Neurol
2004;62:161–171
UTCOME
he outcome is favorable in most cases with Brown-
équard symptoms (41 out of 46 patients, i.e., 90%).
ost of the patients had improvement in motor

ymptoms with residual sensory deficit or numb-
ess. Patients who presented with spastic parapa-
esis had a smaller chance of improvement (69%),
ith the spasticity benefiting the least. There was

nitial worsening of neurologic function followed by
mprovement in several cases, including our patient
3,6,24,27,35]. We arbitrarily divided the patients
nto those presenting with 3 years or less of symp-
omatology, and those with more than 3 years of
ymptoms. The chance of having a good outcome
as 86% and 77%, respectively, implying that the
arlier we treat the herniation, the better the out-
ome. Widening the dural aperture was the surgical
echnique associated with the best outcome in the
eries reported in the literature (90% improved
ompared with 70% in grafting). Less manipulation
f the already compromised spinal cord is one pos-
ible explanation. A retrospective or prospective
nalysis with other variables being accounted for is
eeded to determine the best surgical technique.
inally, a recent report by Barbagallo et al de-
cribed 2 cases with spinal cord herniation at the
ertebral body level, where the outcome was less
avorable [3]. Our analysis supports their hypothe-
is; these patients may present a distinct subgroup
hose prognosis is less satisfactory. One of their
atients, in addition to 2 other patients reported in
he literature, had herniation into a vertebral body
avity [10,35]. This was associated with an atypical
resentation and poor prognosis. It may also sup-
ort our hypothesis of an inflammatory process
ausing erosion through the dura and later the ver-
ebral body.

onclusion
n summary, idiopathic or spontaneous spinal cord
erniation is a rare entity that is being increasingly
ecognized and reported. It presents in the middle
ged adult as Brown-Séquard syndrome and usually
rogresses into spastic paraparesis. MRI findings
re typical, showing a ventral or ventrolateral kink
f the spinal cord in the thoracic spine. Phase-
ontrast cine MR is very useful in excluding an
rachnoid cyst, the most common mistaken diagno-
is. The treatment is usually surgical by either graft-
ng the dural defect through which the spinal cord
erniates or simply widening it. The pathophysiol-
gy behind formation of the defect is not under-

tood. We report a case of spinal cord herniation
nd review the literature extensively. In view of the
hronology of events in our patient and other pa-
ients reviewed, we think that idiopathic spinal
ord herniation is an acquired phenomenon and
ropose a new hypothesis whereby an inflamma-
ory event or process may cause the spinal cord to
dhere to the dura ventrally. Together with CSF
ulsations, this event may cause erosion of the dura
nd formation of a dural defect, with progressive
erniation of the cord thereafter. The nature of the

nitial inflammatory insult is to be determined.
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OMMENTARIES
he authors present a case of idiopathic spontane-
us spinal cord herniation, an entity that is being
iagnosed with increasing frequency. I was inter-
sted in the fact that their patient was originally
iagnosed as having “transverse myelitis,” even
hough the imaging studies were clearly abnormal.
his misdiagnosis occurred in 1994, but we have
ecently seen a patient with identical studies who
as similarly misdiagnosed last year at a major

eaching hospital. I agree that patients with a pro-
ressive deficit should have surgery, but ours has
nly nonprogressive sensory symptoms and a nor-
al examination, so we are treating her nonopera-

ively at present. Whether the authors’ theory re-
arding pathogenesis is correct is unclear, but it is
n interesting idea.

Russell W. Hardy, Jr., M.D.
Department of Neurosurgery

University Hospital of Cleveland
Cleveland, Ohio

ajjar et al report on the clinical details of a patient
ith spinal cord herniation at T8–9. They are to be
ommended for their thorough reinvestigation of
his unfortunate patient in 2002 and their recogni-
ion that he still had an untreated spinal cord her-
iation, despite prior surgery, that changed the im-
ging findings on the CT-myelogram. Their careful
nvestigation and reoperation led to clinical im-
rovement in the patient’s neurological function.
The authors also review the literature on this

opic and help to increase the overall awareness of
his clinical condition, which often goes undiag-
osed, even by experienced neurologists and
eurosurgeons.
The authors propose a new hypothesis regarding

he pathogenesis of this problem. They propose
hat an unknown inflammatory condition develops
t the level of the spine at which the herniation will

evelop. This inflammation causes the ventral spi-
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