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Duroplasty in iatrogenic dorsal spinal cord herniation: illustrative case
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BACKGROUND The case report detailed an unusual presentation of an iatrogenic dorsal cord herniation at the level of the thoracic cord after insertion
of an epidural catheter 8 months before presentation to the neurosurgical clinic.

OBSERVATIONS Only 13 cases of iatrogenic dorsal cord hemiation, most of which occurred after spinal surgery, have been described in the
literature. This was the first case of a spinal cord hemia described after the insertion of an epidural catheter. In this case study, the authors described a
38-year-old man who presented with progressive lower limb weakness, sensory deficits, perianal numbness, and urinary/fecal incontinence. He was
diagnosed with a spinal cord hernia that reherniated after an initial sandwich duroplasty repair. Definitive repair was made after his re-presentation
using an expansile duroplasty.

LESSONS In patients with previous spinal instrumentation who present with neurological symptoms, spinal cord herniation should be considered a

likely differential despite its rarity. In this case, a simple duroplasty was insufficient to provide full resolution of symptoms and was associated with
recurrence. Perhaps a combination of graft and expansile duroplasty may be used for repair, especially when associated with a tethered cord and in

the presence of significant adhesions.

https://thejns.org/doi/abs/10.3171/CASE21347
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Spinal cord herniation in and of itself has been noted to be a
rare phenomenon and should be suspected in individuals who pre-
sent with an unusual combination of motor/sensory and autonomic
deficits.” Dorsal herniation of the cord due to iatrogenic causes is
an even more uncommon phenomenon, with only 13 reported
cases in the literature to date (Table 1), and these cases have
been most commonly due to spinal surgery.

Its association with previous epidural analgesia is even less
commonly encountered, and in this case report, we describe the
presentation and management of dorsal cord herniation in a patient
with complications that may have been secondary to an epidural
catheter insertion after a bilateral sequential single lung transplant 5
months before initial presentation.

Posterior cord herniation has been described after trauma, but iatro-
genic and idiopathic (due to congenital dural weakness) cases are
reported to occur more commonly.2 This case report is the first description
of an iatrogenic herniation occurring after insertion of an epidural catheter.

ABBREVIATIONS MRI = magnetic resonance imaging.
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lllustrative Case

A 38-year-old man presented with a posterior cord herniation at
T4 with no history of previous trauma. The history started 5 months
before admission to our unit, when he was admitted for a bilateral
lung transplant as treatment for his refractory cystic fibrosis. That
surgery was mostly uneventful. However, to better manage his pain,
an epidural catheter was inserted, the first attempt of which failed.

Eight months after his lung transplant, he presented with reduced
sensations in both lower limbs and reports of both urinary and fecal
incontinence. He was then referred to the neurosurgical clinic where
he was assessed. He described a progressive loss of sensation that
started in his right ankle and spread to involve the whole of the right
lower limb. Additionally, he reported repeated episodes of both urinary
and fecal incontinence. On examination, he had a sensory level at T6,
with decreased sensation below his scar on the right side of his trunk.
There was also associated dysaesthesia and paraesthesia and loss of
temperature on the right side as well as perianal numbness. He was

© 2021 The authors, CC BY-NC-ND 4.0 (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Patient
Demographics
(yrs, sex)

51 M

TABLE 1. A summary of all reported cases of iatrogenic dorsal cord herniation

amentum flavum; SOL = space occupying lesion; UL = upper limb.

CSF = cerebrospinal fluid; CT = computed tomography; DL
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FIG. 1. T1 MRI sequence showing the initial dorsal protrusion of the
dorsal cord preoperatively.

noted to have bilaterally brisk tendon reflexes, with clonus in both
ankles and bilateral flexor plantar response. However, he had intact
motor power in all muscle groups. There was no history of mechanical
trauma or previous spinal operations.

A magnetic resonance imaging (MRI) scan (Fig. 1) showed a dorsal
cord herniation and posterior breaking of the cord with T2 high-signal
intensity of the central and dorsal cord at the level of T4.

Considering the history, presenting signs, and postpresentation
MRI scan, the suspicion was that of a spinal cord hernia at the T4
level. The patient was thus admitted a week later for surgical repair
of the cord herniation. During the initial operation, the herniated
cord was noted to have “mushroomed” through a small 10-mm dor-
sal dural defect with adhesions to the dura on the outside. Dural
and arachnoid adhesions formed a ring around the herniated cord
and incarcerated it (Fig. 2). Dissection was started by making two
dural midline snip incisions cranial and caudal to the herniated
cord. From the cranial opening, careful dissection was performed in
the caudad direction until encountering the incarcerating ring and
vice versa from the caudal opening. Careful motor evoked poten-
tials-guided adhesiolysis was performed around the incarcerated
cord to separate it from the dura. The herniated cord was completely
released but never restored to a complete normal morphology, with
persistent bleb-like swelling at the location of the herniation. Further
dissection would potentially endanger the neural tissue, and eventu-
ally, the cord was untethered and returned to its normal position
within the thecal sac (Fig. 3), where it was pulsating normally. The
dural opening was approximately 25 mm at the end in craniocaudal



FIG. 2. After access into the skin, obvious incarceration of the cord by

dural and arachnoid adhesions is visible, forming a ring around the
herniated cord.

diameter, with the reduced cord seen freely pulsating inside. Attempts
at primary repair would have ended in compression on the cord, so
the dura was left open. In situ synthetic dural substitutes were used
as onlay (above) and inlay (below) for this opening (also called the
sandwich technique).>* Stitches without tension were used to secure
the grafts to avoid misplacement.

The patient made a good clinical recovery with improved sensa-
tions in both lower limbs. He was discharged home a few days
later. Unfortunately, 2 weeks after the operation, he presented again
with a 48-hour history of sensory deterioration in both lower limbs.
Deep sensations were particularly affected. The picture was sug-
gestive of posterior cord syndrome.

Reexploration was decided. Intraoperative findings were as fol-
lows: the cord was herniating through the surgical dural opening
and pushing the onlay grafts dorsally. A false incarceration ring was
created by the edges of the dural opening. It was clear that the
cord had retethered although the inlay graft was still in place.

Onlay dural grafts were removed. The dural opening was extended
approximately 5 to 10 mm in both cranial and caudal directions. A
sleeve of fascia with fat was inserted and sutured in place to the dural
edges. This time, dural hitch stitches were applied between the dura
and the paraspinal muscles to create a tent-like space behind the
cord. Adequate expansile duroplasty was achieved at the end with
ample artificial dorsal subdural space. Synthetic dural sealants were
used, with no cerebrospinal fluid effluence noted at the end.

FIG. 3. Cord reduced into intrathecal sac before closure using an
expansile duroplasty.

FIG. 4. AT2 MRI short T1 inversion recovery sequence showing
improved hemiation of the cord at clinic follow-up. The inset picture
shows the plane at which the larger sagittal slice (the bigger picture)
was taken.

After the operation, the patient made excellent progress neurologi-
cally as well as with the physiotherapy team and was discharged 18
days after the second operation. He subsequently has made a good
recovery. A delayed postoperative MRI scan at follow-up (Fig. 4)
shows improved cord edema. Clinically, the patient self-reports a slow
improvement in proprioception as well as a return of bladder sensation
and a reduction in the frequency of the episodes of urinary inconti-
nence and no new reported episodes of fecal incontinence.

Discussion

Spinal cord herniation is described in the literature as a rare cause
of spinal cord dysfunction,"® which is often amenable to surgery. It
can commonly be classified into spontaneous, iatrogenic, and posttrau-
matic. Spontaneous and idiopathic presentations have been described
more commonly in the literature, and herniation due to a traumatically
acquired dural defect is the least reported cause.' latrogenic dorsal
cord herniation has been described even more rarely,” with only 13
cases reported in the literature to date (Table 1).

Generally, most herniations have been described in the ventral
and/or ventrolateral spinal cord, most commonly at the T4-T5 level 2
Spontaneous dorsal cord herniation has been described even more
rarely, with one case described in a 2-year-old boy secondary to
herniation into an extradural arachnoid cyst."

The presentation of spinal cord herniation is reportedly variable,
but more than 50% of cases present with Brown-Sequard syn-
drome, which is suggestive of cord hemisection." Commonly, they
also present with spastic paraparesis, a dysfunctional bladder/dys-
functional bowel (up to 71% of patients), lower limb pain, and
sometimes low-pressure headaches.® When associated with tether-
ing, the presentation may include pain (in the lower back or lower
extremities), lower limb weakness, and sensorimotor dysfunction
unrelated to dermatomal distribution.

The pathophysiological processes for developing spinal cord her-
niations are not well understood. However, as much as the entities
of tethered cord and tethered cord syndrome have been described
differently, with the latter described as a tethering of the filum, their
pathophysiological mechanisms share some similarity.'>"® In
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in vivo models, the pathophysiological mechanism of spinal cord
malfunction in cord tethering was postulated to be due to metabolic dys-
function in stretched and incarcerated neurons, which results in ischemia
because of anterior spinal artery involvement and increased cord sus-
ceptibility to hypoxic injury due to distortion of the smaller vessels around
the cord.'®"" Also, traction-induced ischemia has been linked to reduced
conduction, leading to both reversible and irreversible nerve dam-
age.'?"5"® Clinical progression in cord tethering has been postulated to
be stretch-related damage to the herniated/tethered fibers in the lateral
funiculus involving the spinothalamic and, subsequently, descending
tracts.™® The vascular mechanism has also been postulated to explain
the lack of improvement in some patients after untethering."®

Making a diagnosis of spinal cord herniation is difficult because
this entity is classically rare and not the foremost diagnosis on most
neurologists’/neurosurgeons’ minds, with the median time to diagno-
sis approximately 17 months and one patient having a 16-year time
to diagnosis.'® This delay in diagnosis typically leads to unneces-
sary testing, visits to the doctor, imaging, and procedures that may
have no benefit to the patient. Tethered cord in itself is notoriously
difficult to diagnose, with most cases presenting with a long history
of misdiagnosis before being correctly diagnosed.'®

There seem to be two general types of herniated cord according
to the intraoperative morphology. The first type occurs in small
defects (<1-2 cm) within a relatively short time of insult.? In this
type, adhesions are minimal, and herniation is mainly driven by the
differential pressure between the subdural and extradural spaces.
Good primary closure seems to be sufficient. The second type
occurs in larger defects (>1-2 cm) with longer time intervals. Adhe-
sions are the main pathology, and primary repair is difficult and
almost impossible.?’ The current mainstay of treatment of this type
involves careful microdissection to release all surrounding adhe-
sions, returning the cord to its original position, and effecting clo-
sure using one of two techniques: the enlargement of the inner
dural defect, first described by Watanabe et al.," which was our ini-
tial approach during the first operation, or a dural graft as pro-
pounded by Zairi et al.,? which was our second approach.2"?2

We reviewed the literature that reported similar cases with an
iatrogenic dorsal cord herniation (Table 1). Special consideration
was given to the surgical technique used and its correlation with
the presentation.

Primary closure was attempted successfully in three cases.
Those cases had the following factors in common: a short interval
between the time of insult and time of presentation (ranging
between immediately postoperative to 8 weeks), being in the tho-
racic region, and having smaller dural defects.

On the other hand, primary closure was performed unsuccess-
fully in one case reported by Moriyama et al. in 2013.%* That case
had a 10-year interval between the primary cervical operation and
the new presentation. The dural defect was larger, with thick sur-
rounding dural adhesions and cord tethering. A different strategy
was retried successfully that involved subsequent secondary repair
with artificial dura using an expansile duroplasty technique.

Another technique that was used by Nakashima et al. and Hosono
et al. involved careful adhesiolysis, amputation of any pseudocysts,
reduction of the cord to the thecal sac, and enlargement of the dural
opening in both cranial and caudal directions.®>2° This is done in com-
bination with or without an inlay graft and a dural sealant.

In cases with long-standing pathology with larger defects when
thick adhesions are the main driving force of tethering, varying

59,23
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degrees of bony decompression were done at first to gain safe
access to the herniated cord. This was followed by adhesiolysis
and dural opening enlargement, as described in the former tech-
nique. There is an added use of grafts, either synthetic or autolo-
gous. The graft is sutured in place to create an adequate space
behind the cord and create expansive duroplasty.

After surgical intervention, a significant improvement in symp-
toms has been reported, with 78% (with back pain at presentation)
and 83% (with leg pain at presentation) of patients reporting
improved symptoms.?®

Observations

For this index patient who presented with an insidious onset of
symptoms predominantly suggestive of a posterior cord syndrome,
we hypothesize that the precipitating event was the insertion of the
epidural catheter after his bilateral lung transplant.

Dorsal cord herniation associated with tethering has rarely been
reported in the literature, and unsurprisingly in our index case, it
was misdiagnosed repeatedly in the initial workup period, which is
commonly encountered with tethered cord.?®

To remedy his symptoms, which had gotten worse over time, we
decided on a surgical approach. Our initial approach was adhesioly-
sis with enlarging of dural opening and inlay graft, which failed and
resulted in retethering. Reoperation was needed with a more exten-
sive expansion duroplasty and closure with an inlay graft with a
tenting technique of the dura. That approach was successfully done
to reduce the possibility of retethering.

Lessons

Dorsal cord herniation (especially iatrogenic) has been rarely
reported in the literature, even less frequently in association with
cord tethering. Spinal cord herniation is a rare phenomenon that
occurs more commonly as either a spontaneous or idiopathic herni-
ation. The diagnosis of cord herniation possibly with associated
tethering should be considered in patients with a bizarre combina-
tion of upper motor neuron neurology that cannot be attributed to
any other central neurological lesion. Additionally, because of the
proposed pathophysiological mechanism of vascular injury in cord
tethering, there is a chance of no improvement after detethering of
the cord in some patients.

Also, during the management of this case, we attempted a sin-
gular technique for closure using graft duroplasty, which resulted in
retethering. Therefore, it may be worth considering a combination of
both expansion and graft duroplasty for the management of dorsal
cord herniation, more so in association with tethering in the pres-
ence of significant adhesions. However, more research is required
to determine if this is associated with a decreased rate of reopera-
tions and/or recurrence of herniation. The mechanism of cord herni-
ation may have been responsible for his delayed presentation
approximately 5 months after his bilateral lung transplant operation.
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