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Delayed-onset white cord syndrome after anterior and posterior cervical decompression
surgery for symptomatic ossification of spinal ligaments: illustrative cases
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BACKGROUND White cord syndrome is an extremely rare complication of cervical decompressive surgery, characterized by serious postoperative
neurological deficits in the absence of apparent surgical complications. It is named after the characteristic ischemic-edematous intramedullary T2-
hyperintense signal on postoperative magnetic resonance imaging and is believed to be caused by ischemic-reperfusion injury. Neurological deficits
typically manifest immediately after surgery, and delayed occurrence has been reported only once.

OBSERVATIONS The authors presented two cases of delayed white cord syndrome after anterior and posterior cervical decompression surgery for
symptomatic ossification of the posterior longitudinal ligament and ligamentum flavum, respectively. Neurological deficits manifested on postoperative
day 2 (case 1) and day 8 (case 2). The patients’ conditions were managed with high-dose corticosteroids, mean arterial pressure augmentation, and
early physical therapy, after which they showed partial neurological recovery at discharge, which improved further by the 3-month follow-up visit.

LESSONS The authors’ aim was to raise awareness among spine surgeons about this rare but severe complication of cervical decompressive surgery
and to emphasize the mainstays of treatment based on current best evidence: high-dose corticosteroids, mean arterial pressure augmentation, and

early physical therapy.
https://thejns.org/doi/abs/10.3171/CASE2113
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Ossification of spinal ligaments is a potential cause of cervical
radiculomyelopathy and is mainly, but not exclusively, seen in East
Asian populations, particularly Japanese individuals.” Ossification of
the posterior longitudinal ligament (OPLL) occurs most commonly in
the cervical spine, with an incidence of approximately 6% in the
Japanese population.? Conversely, ossification of the ligamentum
flavum (OLF) in the cervical spine is extremely rare, with a relative
incidence of < 1%.® For symptomatic cases, cervical decompres-
sive procedures such as anterior corpectomy with placement of a
cage, anterior cervical discectomy and fusion, and posterior cervical
laminectomy with or without instrumented fusion are frequently per-
formed and are often successful in halting progression or improving
symptoms. The exact surgical approach typically depends on
case-specific anatomical factors, such as the site of spinal cord
compression and the patient's age and general health. Postopera-
tive neurological deficits seldom occur and are mostly attributable to
iatrogenic injury or postoperative hematoma.*

An extremely rare but severe complication of cervical decom-
pression surgery is “white cord syndrome,” named after the char-
acteristic T2-hyperintense intramedullary signal on postoperative
magnetic resonance imaging (MRI) that represents spinal cord is-
chemia and/or edema. It was first described by Chin and col-
leagues in 2013; to the best of our knowledge, only a few reports
have been published since.>™'? Clinically, it is characterized by
severe neurological deficits such as hemi- or quadriplegia with in-
traoperative (measured by neuromonitoring) or direct postopera-
tive onset, although a delayed manifestation also has been
described.® The prevailing hypothesis assumes that the syndrome
is caused by reperfusion injury after sudden decompression of a
chronically compressed spinal cord segment, resulting in acutely
increased blood supply to the affected area, which leads to sub-
sequent damage by either direct trauma from blood or oxygen-
free radicals within the newly available blood. We describe two
cases of white cord syndrome with delayed onset after both

ABBREVIATIONS CT = computed tomography; MAP = mean arterial pressure; MRI = magnetic resonance imaging; OLF = ossification of the ligamentum flavum;

OPLL = ossification of the posterior longitudinal ligament.
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FIG. 1. A-D: Preoperative cervical T2-weighted MRI of case 1 showing
spinal stenosis at levels C3-6 with diffuse thickening of the ligamentum
flavum and a weak T2-hyperintense signal at levels C3-4 and C5-6.
Sagittal (A) and axial (B) images show level C5-6. Preoperative
sagittal (C) and axial (D) CT scans demonstrate multilevel OLF, most
prominent on level C5-6. White arrows illustrate the location of the
milled slots using the Scampi technique for cervical decompression (D).
E-H: Preoperative cervical T2-weighted MRI of case 2 showing spinal
stenosis at levels C3-4 and C4-5 with an elongated T2-hyperintense
signal ranging from C2-3 to C6-7. Sagittal (E) and axial (F) images
show level C3-4. Preoperative CT scans demonstrate OPLL at levels
C3-4 and C4-5 and a slight swan-neck deformity. Sagittal (G) and axial
(H) images show level C3-4.

anterior and posterior decompressive spinal surgery performed
for symptomatic cervical OPLL and OLF, respectively.

lllustrative Cases

Case 1
Presentation

A 59-year-old Dutch woman of African descent presented with
progressive neck pain, tingling sensations in both legs without der-
matomal distribution, and a spastic gait for the past 2 months. The
patient also mentioned occasional involuntary defecation during
micturition and decreased perianal sensation that had existed for
the past several months but had not worsened lately. Her medical
history indicated hypertension, diabetes mellitus type Il, and a para-
thyroidectomy performed almost 10 years earlier because of pri-
mary hyperparathyroidism. Neurological examination on admission
found no clear loss of muscle strength despite some antalgic re-
strictions, a spotty pattern of hypesthesia in the left leg, and
similarly distributed allodynia in the right leg. Preoperative MRI
demonstrated significant spinal stenosis ranging from C3 to C6,
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with spinal cord compression caused by diffuse thickening of the lig-
amentum flavum with suspected ossification and weak T2-hyperin-
tense signal on levels C3-4 and C5-6 (Fig. 1A and B). Computed
tomography (CT) imaging confirmed the diagnosis of multilevel cer-
vical OLF, with level C5-6 being most severely affected (Fig. 1C
and D). The patient underwent an elective posterior decompressive
laminectomy from C3 to C6.

Operation

After the patient was placed prone and the paravertebral muscles
were mobilized, the spinous processes of C3-6 were removed with a
Leksell rongeur. Next, two slots were milled in the laminae of C3-6
on the medial side of the facet joints. Our intention was to subse-
quently remove the vertebral arches together with the ossified liga-
ment in one piece starting from the caudal side using the “Scampi”
technique while avoiding iatrogenic central spinal cord compression
(Fig. 2). However, because of superior and inferior extension of ossifi-
cations continuous with the laminae of both C2 and C7, this maneu-
ver was not directly possible. The ossified ligament was therefore cut
between the laminae of C6 and C7 using a Kerrison rongeur. As a
result of tight adherence of the ossified ligamentum flavum to the
dura mater, cranial elevation of the vertebral arches was still not pos-
sible without risking @ major dural defect. Therefore, the dura mater
was first carefully dissected away from the ossified ligamentum

FIG. 2. Intraoperative view of bilateral slots in lamina (A), dissection
of dura mater from ossified ligament (B), caudocranial elevation

of vertebral arches (C), and postoperative en bloc resected
specimen (D).



FIG. 3. Postoperative cervical T2-weighted sagittal and axial MRI scans for case 1 (A-F) and case 2 (G and
H). For case 1, sagittal (A) and axial (B) MRI scans at level C4-5 on postoperative day 2 show alleviated
compression without evidence of myelopathy. A T2-hyperintense signal ranging from C2 to C7 emerges on
sagittal (C) and axial (D) MRI at level C4-5 performed on postoperative day 4. The 3-month follow-up sagittal
(E) and axial (F) MRI at level C4-5 shows residual T2-hyperintense signal and further normalization of the
spinal cord anatomy. For case 2, sagittal (G) and axial (H) MRl at level C3—4 on postoperative day 8 shows a
widened spinal canal as well as a marked increase of intramedullary hyperintense T2 signal.

flavum using a Penfield dissector, after which the vertebral arches of
C3-6 together with the ossified ligamentum flavum could be elevated
and removed in an en bloc fashion and sent for histological evalu-
ation. A small dural defect was closed with a direct suture and cov-
ered with hemostatic material. Additional ossified ligament was
removed cranially (under the arch of C2) and caudally (under the
arch of C7) using an ultrasonic aspirator (Sonopet, Stryker). Ad-
equate decompression was achieved, and the wound was closed in
multiple layers over a nonvacuum wound drain.

Postoperative Course

The histological specimen was consistent with OLF. Direct post-
operative neurological evaluation demonstrated only minimally and
symmetrically decreased muscle strength, which was believed to be
the result of intraoperative manipulation and remained stable. On
the second postoperative day, muscle strength decreased further to
Medical Research Council grade 3-4 in both arms and grade 4 in
both legs. Subsequent MRI showed a widened cervical spinal canal
compared to the preoperative status without evidence of residual
compressing structures or myelopathy on T2-weighted imaging

(although expansion of the spinal cord was still limited) (Fig. 3A
and B). On postoperative day 4, the patient's muscle strength de-
creased even further, and she experienced an episode of severe
hypotension (40/20 mm Hg), bradycardia (30 beats per minute), and
transient loss of consciousness, after which she became almost tetra-
plegic. Repeated MRI showed a newly emerged T2-hyperintense sig-
nal reaching from C2 to C7 (Fig. 3C and D). Subsequent CT imaging
showed adequate bony decompression without complicating features
(Fig. 4). After obtaining these images, we made the diagnosis of
white cord syndrome, and the hypotensive/bradycardic episode was
interpreted as an expression of autonomic dysregulation.

The patient was transferred to the intensive care unit, where she
was treated with high-dose corticosteroids (dexamethasone 10 mg
followed by 4 mg four times a day for 6 days) and hemodynamical-
ly supported to maintain a mean arterial pressure (MAP) of > 100
mm Hg for almost a week. No more episodes of autonomic dysre-
gulation were observed. There was limited neurological recovery to
a status of severe tetraparesis; she was able to slightly move the
fingers on her right hand and demonstrated grade 2-3 proximal
muscle strength in both legs. The patient was transferred to the
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FIG. 4. Postoperative sagittal (A) and axial (B) CT scans at level C4
demonstrating adequate bony decompression without residual
compressing structures.

general ward, where she stayed for 3 more weeks before being dis-
charged to a rehabilitation center. By the time of discharge, the patient
had recovered slightly more and displayed isometric proximal contrac-
tions of the right arm and grade 3—4 muscle strength of the fingers on
the right hand. However, her left arm showed no movement despite
grade 2 muscle strength of the fingers. Proximal and distal muscle
strength in the right leg had recovered to grade 4, whereas the left
leg displayed only grade 2-3 proximal muscle strength and slight
movement of the toes. The patient had persistent bowel and bladder
incontinence and was discharged with a urinary catheter. Three
months after discharge, she had recovered further and was able to lift
her arms and stand with support. Six months after discharge, she
was able to stand independently and displayed grade 4 muscle
strength in all limbs.

Case 2
Presentation

A 66-year-old Dutch woman of Surinamese descent was referred
to us because of walking disturbances, tingling sensations in both
hands without dermatomal distribution, and deterioration of fine mo-
tor skills, which were slowly progressive over a 3-month period. Her
medical history indicated hypertension. Neurological examination on
admission showed normal muscle strength, a wide-based gait, a
positive Lhermitte’s sign, and positive Hoffmann-Tromner reflexes
on both sides. Preoperative MRI showed spinal stenosis on levels
C3-4 and C4-5, with an elongated T2-hyperintense signal ranging
from C2-3 to C6-7, where it was most pronounced (Fig. 1E and
F). CT imaging demonstrated OPLL causing spinal cord compres-
sion on levels C3—4 and C4-5 as well as a slight swan-neck de-
formity of the cervical spine (Fig. 1G and H). Dynamic radiographs
of the cervical spine showed some anteroposition of C6 relative to
C7, which remained stable during neck flexion and extension. A C4
corpectomy with placement of an expandable cage followed by an
anterior cervical discectomy and fusion of C6-7 with anterior plate
fixation was recommended to the patient.

Operation

After the patient was positioned supine in the Mayfield skull
clamp with the cervical spine in slight extension, the prevertebral
space from C3-4 to C6-7 was exposed. Next, a discectomy on lev-
el C6-7 was performed, the PLL was opened on both sides, and
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the spinal cord was locally decompressed. A partial C4 corpectomy
and C3—4 and C4-5 discectomies revealed severe bony spinal cord
compression caused by the ossified PLL. Bleeding of unknown ori-
gin on the right side, possibly the vertebral artery, was controlled
with hemostatic material. To facilitate deformity correction and re-
duce the risk of future spondylosis on level C5-6, a discectomy at
C5-6 was also performed. A small dural defect was covered with
hemostatic material. Interbody polyetheretherketone cages (Roccia,
Silony Medical) filled with autologous bone were placed in disc
spaces C6-7 and C5-6, and an expandable cage (mediExpand,
Medicon) was positioned in the corpectomy defect. Finally, an anter-
ior plate (Archon, NuVasive) was placed from C3 to C7 to secure
stability. Adequate spinal cord decompression and correction of the
swan-neck deformity were achieved, and the wound was closed in
multiple layers.

Postoperative Course

Immediate postoperative neurological examination showed no
deficits, and the patient reported subjective improvement of fine mo-
tor skills in both hands. On postoperative day 1, the patient devel-
oped subtle difficulty using her left arm and hand as well as slightly
decreased left-sided hand grip that remained stable over subse-
quent days. CT angiography performed on postoperative day 1
showed a small right-sided vertebral artery dissection flap on the
level of C4, which was treated with a platelet antiaggregant. On
postoperative day 8, the patient's strength suddenly decreased fur-
ther to near paralysis in the left arm with only some weak finger
flexion, grade 4 muscle strength of the right arm, grade 3—-4 muscle
strength of the right leg, and grade 4 muscle strength of the left
leg, which made her unable to ambulate independently. Further-
more, the patient became unable to micturate and developed blad-
der retention, which required placement of a urinary catheter. MRI
of the cervical spine showed a widened spinal canal compared to
her preoperative status as well as a marked increase of diffuse in-
tramedullary hyperintense T2 signal congruent with white cord syn-
drome (Fig. 3G and H). The patient was treated with corticosteroids
(dexamethasone 2 mg two times a day) for 3 days, during which
the muscle strength in her left arm partially recovered to grade 2-3,
her micturition normalized, and she was able to ambulate with a
walker again. Two weeks after surgery, the patient was discharged
to a rehabilitation center. At the 3-month follow-up, she had im-
proved further but was unable to walk unassisted.

Discussion

Observations

White cord syndrome is a rare complication of anterior or posterior
cervical decompression surgery and is characterized by serious post-
operative neurological deficit in the absence of apparent surgical
complications, with a typical intramedullary ischemic-edematous T2-hy-
perintense signal on postoperative MRI> Five of the eight cases of
white cord syndrome described in the literature emerged after poster-
ior cervical decompression,””"" whereas three cases occurred after
anterior cervical surgery.>%'?> We add one case description to each of
those categories. The indication for decompressive surgery was cer-
vical stenosis due to degenerative changes or herniated discs in all
reported cases, except for one case in which a vertebral body tumor
with epidural extension was the source of compression.” We report
the first two cases of white cord syndrome after decompressive sur-
gery for symptomatic ossification of the cervical spinal ligaments,



specifically PLL and LF (or yellow ligament). Although OPLL is a rela-
tively common form of ligamentous ossification in the cervical spine,
especially in East Asian populations, cervical OLF is rare, with a rela-
tive incidence of < 1% and approximately 70 reported cases in the lit-
erature.>™ The pathophysiological mechanism underlying the transition
from a normal ligament to an ossified ligament is not fully understood,
but genetic factors, systemic metabolic diseases, and repetitive mech-
anical stress—exacerbated by abnormal spinal curvature and impaired
balance—likely play a role."" For cases of OLF in particular, hypo-
parathyroidism and the associated abnormal calcium and phosphorus
levels are believed to contribute to ligamentous ossification, although
an association with hyperparathyroidism also has been reported.>'®

Our first patient had a history of parathyroidectomy for primary
hyperparathyroidism, which may have contributed to the development
of OLF. Ossified spinal ligaments are known for their potentially
dense adherence to the dura mater, and separation of the ossified
ligament from the underlying dura should be performed carefully to
avoid dural tears. Such adhesions were also encountered in both of
our cases but especially in case 1. For this case, the Scampi tech-
nique offered an elegant method for decompressing the cervical
spine posteriorly while minimizing the risk of iatrogenic central spinal
cord compression. We recommend this surgical technique for future
cases of symptomatic cervical OLF. An important advantage com-
pared to standard decompression is that while removing the bone
and ossifications with Kerrison punches, the risk for iatrogenic contu-
sion in the central canal can be prevented because most compres-
sion is typically present in the midline (Fig. 1D).

The pathophysiology of white cord syndrome is believed to be
reperfusion injury after sudden decompression of a chronically com-
pressed—and possibly partly ischemic—spinal cord segment.
Analogous to cerebral ischemic-reperfusion injury, disruption of the
blood-spinal cord barrier and increased permeability may allow in-
flammatory mediators, including tumor necrosis factor-alpha, to
cause oxidative stress following increased reperfusion after decom-
pression, which leads to neuronal apoptosis.””"® Furthermore, oxy-
gen-free radicals within the newly available blood may damage the
neuronal phospholipid membranes by lipid peroxidation (oxidative
degradation), which is considered the main cause of the secondary
injury—induced degenerative cascade.'®'® Lastly, direct mechanical
trauma caused by acutely increased blood flow to the affected cord
segment also may play a role. Although no risk factors for white
cord syndrome have been identified, it is noteworthy that most case
descriptions demonstrate preoperative MRI findings that suggest
spinal cord edema or myelomalacia.>®*"" These findings could im-
ply that the duration and severity of spinal cord compression, re-
flected by hyperintense T2 signal on preoperative MRI, are
associated with the occurrence of white cord syndrome. They may
also explain the lack of MRI findings of immediate postoperative re-
expansion of the spinal cord in case 1 despite the absence of re-
sidual compressing structures, because a chronically compressed
spinal cord takes more time to remodel. In line with this theory, the
3-month follow-up MRI scan showed further normalization of the
spinal cord anatomy.

In both of our patients, a T2-hyperintense intramedullary signal
was present on preoperative MRI, although it was fairly weak in the
first patient and more pronounced in the second patient. Further-
more, advanced age has been associated with a condition called
“inflamm-aging,” which includes a greater oxidative inflammatory re-
sponse during reperfusion and possibly increases the risk of white

cord syndrome. All but one reported case of white cord syndrome
describe either an intraoperative (measured by a decrease in so-
matosensory and motor evoked potentials) or inmediate postopera-
tive onset of neurological deficits. The only report of late-onset
white cord syndrome concerned a 79-year-old man who developed
symptomatic white cord syndrome 24 hours after posterior cervical
decompression and fusion.® The authors postulated that the de-
layed clinical manifestation may have been related to endothelial
damage and atherosclerosis caused by chronic hypertension. They
suggested that a decline in nitric oxide precursors and an age-
dependent decrease in endothelium-dependent relaxation (which is
believed to be mediated by nitric oxide) may have led to subacute
reperfusion to the decompressed spinal cord area, resulting in late-
onset white cord syndrome.?’

We report two additional cases of delayed-onset white cord syn-
drome. In our first case, severe neurological deterioration started on
postoperative day 2, at which point no evidence of white cord syndrome
showed on postoperative MRI. When neurological deficits increased fur-
ther on postoperative day 4, an intramedullary T2-hyperintense signal
emerged on MRI. In our second case, although subtle movement difficul-
ties of the left arm were already present on postoperative day 1, severe
neurological deterioration did not manifest until postoperative day 8, at
which point MRI also showed a severe intramedullary T2-hyperintense
signal. Although our patients were younger (59 and 66 years old, re-
spectively) than the patient described by Papaioannou et al. 2 both had a
history of hypertension, which may have contributed to the delayed pres-
entation in line with the previously mentioned theory.

Lessons

White cord syndrome remains a diagnosis of exclusion, and it is im-
portant to rule out all other possible causes of postoperative neurologi-
cal deficit, such as iatrogenic technical trauma to the spinal cord,
postoperative hematoma, incomplete decompression, malpositioned or
dislocated spinal implants or grafts, and intraoperative hypotension,
that could have led to spinal cord hypoperfusion. None of these condi-
tions were present in our patients. Although class |, Il, and Il evidence
regarding the treatment of white cord syndrome is lacking, it usually in-
cludes a combination of high-dose corticosteroids for up to 48 hours,
maintaining an MAP > 85 mm Hg for several days, and early physical
therapy.'"?? The neurological improvement, although often partial,
observed after high-dose steroids in most reported cases of white cord
syndrome strengthens the hypothesis of oxidative stress and inflamma-
tory mediators as causative factors because steroids are known to in-
hibit inflammation and lipid peroxidation.’® The current guidelines for
blood pressure management after spinal cord injury recommend main-
taining MAP at 85 to 90 mm Hg for a duration of 5 to 7 days.?* A similar
approach is mostly followed in white cord syndrome, although it is not
undisputed because increasing blood flow seems counterintuitive when
reperfusion injury causes the problem.™

Potent antioxidants also have been suggested to play a role in the
management of spinal cord ischemic-reperfusion injury, although they
are not applied in current clinical practice.?* The degree of neurological
recovery varies from moderate to almost complete recovery in all re-
ported cases. Our first patient, who was treated with high-dose cortico-
steroids and MAP augmentation with a minimum of 100 mm Hg for
almost a week after diagnosis, showed some recovery at discharge.
Our second patient, who was treated with high-dose corticosteroids
without MAP regulation (although routine measurements predominantly
showed MAPs of 85-100 mm Hg), also showed partial recovery at
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discharge. Both patients received early physical therapy as part of
standard care and were discharged to a rehabilitation center. At the 3-
and 6-month follow-up visits, both patients had recovered further al-
though neurological sequelae persisted.
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