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Abstract. Transient paralysis following spinal decom-
pression surgery is a rare but devastating postoperative 
complication. Spinal cord ischemia‑reperfusion injury has 
been identified as one of the crucial pathogenic factors 
contributing to the sudden neurological deterioration 
associated with spinal decompression surgery. ‘White cord 
syndrome’ is a characteristic imaging manifestation of 
spinal cord ischemia‑reperfusion injury, referring to high 
intramedullary signal changes in the sagittal T2‑weighted 
MRI scan with unexplained neurological deficits following 
surgical decompression. The present study reported on the 
case of a 51‑year old male patient who suffered from acute 
left limb hemiplegic paralysis following posterior cervical 
laminectomy decompression for severe cervical spondy-
lotic myelopathy and spinal stenosis, which were caused 
by ossification of the posterior longitudinal ligament. The 
patient's neurological function gradually improved after 
the immediate administration of high‑dose methylpred-
nisolone therapy combined with mannitol and neurotrophic 
drugs. At the 2‑month follow‑up, the intensity of the spinal 
cord signal on MRI had almost returned to normal and 

the ‘white cord syndrome’ had disappeared. However, the 
patient complained of postoperative neck swelling pain 
caused by cerebrospinal fluid leakage; therefore, an addi-
tional cerebrospinal fluid leakage exploration and neoplasty 
were performed. At 2 weeks after the second surgery, the 
patient's neck swelling pain was relieved and the area of 
cerebrospinal f luid leakage was significantly reduced. 
Despite the low incidence rate, surgeons should be aware of 
this complication, particularly when treating chronic severe 
cervical spinal stenosis with anterior or posterior decom-
pression. Once transient paralysis occurs, early diagnosis 
and interventions are essential to reverse the neurological 
deficit.

Introduction

Transient paralysis following surgical decompression is a 
severe postoperative complication that may occur in patients 
with chronic severe spinal cord compression  (1). Spinal 
cord ischemia‑reperfusion injury has been confirmed as a 
potential etiology of the associated neurological deteriora-
tion. Spinal cord ischemia‑reperfusion injury is defined as 
the sudden expansion of the compressed cord and exposure 
to a rush in blood supply following decompression surgery, 
which leads to disruption of the blood‑brain barrier and 
blood‑spinal cord barrier, and may ultimately result in acute 
neurologic dysfunction (2,3). The reported incidence rate of 
spinal cord ischemia‑reperfusion injury following cervical 
decompression surgery ranges from 2‑5.7%, but a higher 
incidence rate of 14.5% has been reported for posterior 
decompressive laminectomy procedures used for thoracic 
spinal stenosis  (4,5). ‘White cord syndrome’, initially 
described by Chin et al (2) in 2013, is an imaging feature 
of spinal cord ischemia‑reperfusion injury that is present 
on postoperative MRI scans. ‘White cord syndrome’ refers 
to high intramedullary signal changes observed on sagittal 
T2‑weighted MRI scans in patients with unexplained incom-
plete paralysis following cervical decompression surgery (2). 
In the present study, the 9th case of ‘white cord syndrome’ 
following cervical decompression surgery according to 
previous literature, was reported.
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Case report

A 51‑year old male presented with the chief complaint of numb-
ness in the bilateral upper extremities and an unsteady gait 
for 6 months. Neurological examination indicated that muscle 
strength in the left upper limb was grade 4/5 from the Medical 
Research Council Scale (6). Tendon reflexes, including biceps, 
triceps, radial periosteal, knees and ankles, displayed bilateral 
hyperreflexia. A positive Babinski sign was also identified bilat-
erally. The preoperative cervical CT and MRI scans revealed 
that the spinal cord was anteriorly compressed by ossification of 
the posterior longitudinal ligament (OPLL) at the C2‑C4 levels, 
which led to severe cervical spinal stenosis (Figs. 1 and 2). On 
CT, the occupying ratio (calculated as the thickness of OPLL/the 
anteroposterior diameter of the spinal canal) at the C2/3 and 
C3/4 levels was ~46.7 and 63%, respectively (Fig. 1).

Due to the difficulty in operative exposure and high risk of 
cerebrospinal fluid leakage by either anterior cervical decom-
pression and fusion (ACDF) or anterior cervical corpectomy 
and fusion (ACCF) for high‑level cervical spondylotic 
myelopathy combined with OPLL (C2‑C4), the patient under-
went C3‑C4 posterior laminectomy decompression and C2‑C5 
fixation with pedicle screws. Intraoperatively, sudden cord 
expansion occurred after the vertebral plates were completely 
removed. An intravenous methylprednisolone bolus (500 mg) 
was immediately administrated. On return to the ward, the 
patient displayed hemiplegic paralysis and was not able to move 
the left limb, displaying a muscle strength of grade 1/5 in the 
lower left extremity and grade 2/5 in the upper left extremity. 
Reperfusion injury following acute decompression of the 
severely and chronically compressed spinal cord was highly 
suspected in the patient; therefore, high‑dose methylpredniso-
lone combined with mannitol and neurotrophic drugs were 
rapidly administered intravenously. The patient received meth-
ylprednisolone (30 mg/kg) over 15 min, followed by a 45‑min 
rest and a 23‑h maintenance infusion (5.4 mg/kg/h), according 
to the National Acute Spinal Cord Injury Study II (NASCIS‑2) 
protocol (7). In addition, omeprazole (40 mg) was adminis-
tered to the patient prior to each dose of methylprednisolone 

to prevent gastrointestinal bleeding, which may be caused by 
high‑dose methylprednisolone. Furthermore, postoperative 
X‑ray, CT and MRI scans were performed to evaluate the 
spinal cord function. X‑ray and CT scans displayed satisfac-
tory positioning of the pedicle screws (Figs. 3 and 4). However, 
T2‑weighted MRI scans demonstrated a signal of abnormally 
high intensity in the spinal cord at the C4‑C7 levels. In addi-
tion, a large‑area hyperintense signal was observed behind the 
epidural at the C3‑C6 levels, which indicated cerebrospinal 
fluid leakage (Fig. 5A). At 12 h post‑methylprednisolone treat-
ment, the patient's muscle strength improved by one grade to 
grade 2/5 in the left lower extremity and to grade 3/5 in the left 
upper extremity. On postoperative day 5, the muscle strength 
in the left limb recovered to grade 4/5, which was the same 
as the preoperative level. Considering the patient displayed 
no wound exudation, fever or dizziness, the postoperative 
cerebrospinal fluid leakage was dynamically observed without 
treatment. At day 8 post‑surgery, the patient was discharged to 
rehabilitation with hyperbaric oxygen therapy.

At the 2‑month follow‑up, the patient's neurological status 
had not deteriorated; however, the patient complained of neck 
swelling and associated pain following the surgery. MRI scans 
were repeatedly performed to assess the spinal cord injury 
and cerebrospinal fluid leakage. The intensity of the spinal 
cord signal had almost returned to normal at the C4‑C7 levels 
(Fig. 5B); however, the area of cerebrospinal fluid leakage had 
not decreased, but had expanded to the subcutaneous tissue. 
The patient was readmitted for an additional cerebrospinal fluid 
leakage exploration and neoplasty. During the second surgery, 
an abundance of clear liquid was released when the wound was 
reopened. A large crevasse was identified on the left side of 
the dura, close to the pedicle at the C4 level, and an artificial 
dura mater was used to repair the crevasse (Fig. S1). At 2 weeks 
post‑surgery, the neck swelling and associated pain was relieved 
and an MRI scan indicated that the area of cerebrospinal fluid 
leakage had obviously decreased (Fig. 5C). The patient was 
then discharged to an inpatient rehabilitation center for physical 
therapy. At the last 6‑month telephone follow‑up, his neurological 
function was stable without neck swelling and associated pain.

Figure 1. Preoperative cervical CT scan displaying the anterior compression of the spinal cord by OPLL at the C2‑C4 levels, which led to severe cervical spinal 
stenosis. The occupying ratio (calculated as the thickness of OPLL/the anteroposterior diameter of the spine) at the C2/3 and C3/4 levels was ~46.7 and 63%, 
respectively. OPLL, ossification of posterior longitudinal ligament. 
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Discussion

Fixation failure, epidural hematoma, spinal cord edema 
and ischemia‑reperfusion injury are the major factors that 
contribute to acute paralysis following spinal surgery (8). On 
postoperative CT and MRI scans, it is possible to identify the 
position of the implant and epidural hematomas, respectively. 
Spinal cord edema typically peaks at 48‑72 h post‑surgery and 
symptoms may be relieved by dehydration. Diagnostic criteria 
for spinal cord ischemia‑reperfusion injury primarily include 
the following: Severe spinal cord compression; surgical decom-
pression; paralysis occurring within 3 h post‑surgery; motor 
and sensory dysfunction from lower to upper limb; exclusion 
of other causative factors, including hematoma; and completely 
or partially restored neurological function by timely high‑dose 
methylprednisolone combined with dehydration and neuro-
trophic drugs (9,10). Zhang et al (8) reported on three cases 

where transient paralysis had occurred from 30 min to 4 h 
post‑ACCF in patients with cervical spondylotic myelopathy. 
However, no hematoma was identified in the post‑operative 
MRI scans; therefore, spinal cord ischemia‑reperfusion injury 
was suspected. Following administration of high‑dose meth-
ylprednisolone combined with dehydration and neurotrophic 
drugs, a full recovery was achieved in two patients. By contrast, 
the neurological function of one patient was not restored until 
an additional cervical posterior decompression procedure was 
performed. The pathogenesis of the patients was identical to 
that in the case reported by Khan et al (11), who described a 
36‑year‑old male who had developed a delayed neurological 
deficit on day 3 post‑ACDF for C5‑6 cervical disc herniation.

Postoperative spinal cord ischemia‑reperfusion injury has 
not only been reported in cervical decompression surgery, but 
also in posterior decompression for thoracic spinal stenosis 
caused by ossification of the ligamentum flavum (OLF) and 

Figure 2. Preoperative cervical MRI scan displaying the compressed spinal cord and severe cervical stenosis at the C2‑C4 levels. 

Figure 3. Postoperative X‑ray displaying the satisfactory placement of the screws and rods at the C2‑C5 levels.  
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Figure 4. Postoperative CT scans displaying the satisfactory positioning of the pedicle screws at the C2‑C5 levels.  

Figure 5. (A) Immediate postoperative sagittal T2‑weighted MRI scan displaying a signal of abnormally high intensity in the spinal cord at C4‑C7 levels 
(as indicated by the red arrow). A large‑area hyperintense signal was observed behind the epidural at the C3‑C6 levels, which indicated cerebrospinal fluid 
leakage. (B) At the 2‑month follow‑up, the sagittal T2‑weighted MRI scan indicated that the intensity of the spinal cord signal had almost returned to normal 
at the C4‑C7 levels. However, the area of cerebrospinal fluid leakage was not reduced, but had expanded to the subcutaneous tissue. (C) At 2 weeks after the 
additional cerebrospinal fluid leakage exploration and neoplasty, the sagittal T2‑weighted MRI scan indicated that the area of cerebrospinal fluid leakage had 
obviously decreased. 
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OPLL. Yamazaki et al (12) described the case of a 71‑year old 
female who was diagnosed with thoracic myelopathy caused by 
OPLL and OLF, and underwent a thoracic posterior laminec-
tomy at T10‑T11. At 18 h post‑surgery, the patient was suddenly 
not able to move both lower extremities, displaying of muscle 
strength of grade 0/5. Despite immediately administering an 
intravenous bolus dose of methylprednisolone sodium succi-
nate (1 g) followed by an additional 2‑h maintenance infusion 
of methylprednisolone sodium succinate (1 g), the patient's 
motor function did not improve. At 4 h post‑paralysis, the 
patient received an additional posterior instrumented fusion 
at T7‑L1. At 3 h after the second surgery, the patient's motor 
function gradually recovered. At the final follow‑up (5 years 
and 9 months post‑surgery), the patient's neurological status 
was improved and stabilized with grade 4‑5/5 muscle strength 
in both lower extremities. In addition, a high‑intensity signal 
was observed at T10‑T11 on the T2‑weighted MRI performed 
1 week after the second surgery and the signal intensity returned 
to normal when the patient's neurological function improved. 
Based on this case, it was recommended that posterior instru-
mented fusion should be used to reduce postoperative paralysis 
when posterior decompression for thoracic OLF and OPLL is 
performed. Similarly, Taher et al (13) reported on three cases 
with transient neurological deficit without spinal cord injury 
following decompression for severe thoracic stenosis. The 
recovery time among the patients ranged from 1‑13 months. 
Ischemia‑reperfusion injury was regarded as the major cause 
of postoperative paralysis. Furthermore, intraoperative elec-
trophysiological monitoring, which changed immediately once 
paralysis had occurred during surgery, was recommended as 
a useful tool to avoid neurological deterioration. In addition, 
Yang et al (14) reported that 10 patients developed delayed 
neurological deficits following surgical removal of intraspinal 
meningiomas (7 located in the thoracic region and 3 located 
in the cervical region). The occurrence time in those cases 
was 3‑8 h post‑surgery. Postoperative T2‑weighted MRI scans 
revealed high intramedullary signal changes in four patients; 
however, ischemia‑reperfusion injury was also considered to 
be responsible for the observed deterioration.

The most widely accepted pathophysiological mechanism 
underlying ‘white cord syndrome’ is the sudden expansion 
of the chronically compressed cord and subsequent exposure 
to a rush of blood supply following decompression surgery, 
which triggers an inflammatory cascade and releases oxygen 
free radicals, ultimately leading to neuronal membrane 
damage (15,16). Chin et al (2) reported the first case of ‘white 
cord syndrome’ in a 59‑year old male with severe C5/6 disc 
herniation who had undergone ACDF at the C4/5 and C5/6 
level. The patient displayed complete loss of somatosensory 
evoked potentials (SSEPs) during the operation and postop-
erative C6 incomplete tetraplegia. A large area of high signal 
intensity was identified in the spinal cord on the postoperative 
MRI scan, and the term ‘white cord syndrome’ was used, 
referring to the radiographic changes. Following on from the 
aforementioned study, white cord syndrome after anterior 
or posterior cervical decompression has received increasing 
attention. Antwi et al (17) reported the case of ‘white cord 
syndrome’ in a 68‑year‑old male who had developed acute 
hemiparesis on the left side following C4‑C7 posterior lami-
nectomy decompression in 2018. Also in 2018, Vinodh et al (3) 

reported similar findings in a 51‑year‑old female who was 
diagnosed with a metastatic intraspinal tumor and presented 
with quadriplegia following posterior cervical laminectomy 
and fusion for tumor resection. Papaioannou et al (18) reported 
the case of ‘white cord syndrome’ in a 79‑year old male who 
had undergone C4‑C6 ACDF 2 years previously because of 
cervical spondylotic myelopathy. The patient suffered from 
C6 incomplete paraplegia after the second C3‑C6 posterior 
decompression surgery. Papaioannou et al (18) further indi-
cated that differential diagnoses of ‘white cord syndrome’ 
included iatrogenic trauma leading to cerebrospinal fluid 
leakage, pseudo meningocele, cerebrovascular injury and 
demyelinating disease. According to the latest literature review 
of ‘white Cord syndrome’ by Mathkour et al (16), there are a 
total of 7 cases, including 2 cases after ACDF surgery and 
5 cases following posterior cervical decompression surgery. 
Recently, another case of ‘white Cord syndrome’ after ACDF 
is reported by Jun et al (19). Consistent with previous cases, 
high intramedullary signals were also observed on the post-
operative sagittal T2‑weighted MRI scan and the neurologic 
deficit was reversed by immediate high‑dose steroid adminis-
tration in the case reported in the present study. Furthermore, 
although the patient displayed cerebrospinal fluid leakage, 
‘white cord syndrome’ was diagnosed on the basis of the 
observation that the hyperintense signal in the spinal cord 
disappeared, although cerebrospinal fluid leakage was still 
present at the 2‑month follow‑up, prior to the cerebrospinal 
fluid leakage exploration and neoplasty.

Ever since positive results of the NASCIS‑2 protocol 
were reported in 1990 (7), the use of high‑dose methylpred-
nisolone for the treatment of acute spinal cord injury has 
been widely accepted worldwide. According to the guidelines 
published in 2017, treatment strategy of 24‑h infusion of 
high‑dose methylprednisolone is recommended for patients 
within 8 h following injury (20). To identify the exact patho-
logical mechanisms underlying ischemia‑reperfusion injury 
caused by decompression, a number of studies established a 
mouse model of degenerative cervical myelopathy (DCM). 
Yang et al (1) reported that surgical decompression increased 
the expression of inflammatory cytokines, including TNF‑α 
and IL‑1β, in an animal model of chronic severe spinal 
cord compression. Similarly, Vidal et al (21) suggested that 
decompression led to a 1.5‑ to 2‑fold increase in expression 
levels of inflammatory cytokines in a mouse model of DCM. 
It was also reported that delayed decompression aggravated 
ischemia‑reperfusion injury, resulting in decreased neuro-
logical improvement compared with earlier intervention. In 
another study, perioperative methylprednisolone treatment 
(30 min prior to decompression and 2 weeks after decom-
pression at one dose of 30  mg/kg) reduced neurological 
deterioration caused by ischemia‑reperfusion injury via its 
anti‑inflammatory effect in a mouse model of DCM (22). In 
animal models, the levels of inflammatory cytokines such as 
TNF‑α and IL‑1β increased when decompression‑associated 
spinal cord ischemia‑reperfusion injury occurred, indicating 
that inflammatory cytokines may be considered as an impor-
tant evaluation indicator of decompression‑associated spinal 
cord ischemia‑reperfusion injury (1,21,22).

In the case described in the present study, signals of 
abnormally high intensity in the spinal cord were detected on 
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the postoperative sagittal T2‑weighted MRI scan once acute 
paralysis had occurred, which displayed similarities to the 
aforementioned cases of ‘white cord syndrome’ (2,3,17,18). The 
neurological function of the patient gradually improved with 
the administration of high‑dose methylprednisolone therapy, 
according to the NASCIS‑2 protocol. Although cerebrospinal 
fluid leakage occurred in the patient, transient paralysis was 
not attributed to this iatrogenic injury because the muscle 
strength in the left limb had recovered to normal prior to the 
cerebrospinal fluid leakage exploration and neoplasty. A limi-
tation of the management of the case reported in the present 
study was that intraoperative neurophysiological monitoring 
was not conducted to evaluate SSEPs and motor‑evoked poten-
tial (MEP) alterations during the operation.

Despite the low incidence rate of ‘white cord syndrome’, 
spinal surgeons should take action to reduce the risk of this 
disastrous complication when performing posterior cervical 
decompression surgery for chronic severe spinal cord 
compression. First, preoperative remote ischemic precondi-
tioning, consisting of three cycles of upper right limb ischemia 
for 5 min with 5‑min intervals of reperfusion between each 
cycle, may prevent spinal cord ischemic injury by reducing 
neuro‑specific enolase and S‑100B expression after surgery. 
Enolase and S‑100B are two useful diagnostic biomarkers for 
spinal cord injury (4). Furthermore, intraoperative neurophysi-
ological monitoring is an effective tool to evaluate SSEP and 
MEP alterations, and to indicate whether spinal cord injury 
has occurred during surgery (23). Finally, posterior cervical 
laminectomies were performed in all reported cases of 
‘white cord syndrome’ following posterior decompression 
surgery  (3,17,18), including the present case report. In all 
cases, it may be recommended to opt for posterior cervical 
laminoplasty instead of posterior cervical laminectomy to 
avoid excessive expansion of the spinal cord and to reduce the 
risk of ischemia‑reperfusion injury.

Cerebrospinal fluid leak, as a postoperative complication 
of decompression surgery, occurred in the case reported in 
the present study. Small and invisible dura defects caused 
by bipolar coagulation were not identified intraoperatively 
and dura repair was not performed until the second revi-
sion surgery. Cerebrospinal fluid leak repair primarily 
involves primary or delayed repair (with a non‑absorbable 
suture or fibrin sealant) and lumbar drainage (15‑20 ml/h 
for 5 days) (24). Woodroffe et al (24) analyzed the clinical 
prognosis of 124 patients with cerebrospinal fluid leak using 
different treatments. The successful repair rate was 73.4% 
(47/64) in the primary repair group and 87.8% (43/49) in the 
lumbar drainage group. Furthermore, 39.5% of the patients 
who had not received primary repair and lumbar drainage 
procedures were subjected to revision surgery. Delayed repair 
was also associated with increased hospital stays and higher 
risk of infection compared with primary repair. Therefore, the 
analysis emphasized the importance of intraoperative prompt 
identification and strongly recommended that primary repair 
of dura defects should be combined with lumbar drainage 
whenever possible. In another study, Fang et al (25) proposed 
two treatment strategies for preventing cerebrospinal fluid 
leak: i) Direct suture with a dural substitute material; and 
ii) reducing the subarachnoid fluid pressure or increasing the 
epidural space pressure.

In conclusion, transient paralysis following surgical 
decompression for chronic severe spinal cord compression 
is a catastrophic postoperative complication. Spinal cord 
ischemia‑reperfusion injury, which has an imaging feature 
of high intramedullary signal changes on the postoperative 
sagittal T2‑weighted MRI scan and therefore referred to as 
‘white cord syndrome’, has been considered as an important 
pathogenic factor contributing to neurological deterioration. 
Regardless of its low incidence rate, surgeons should be aware 
of this devastating complication, particularly when treating 
long‑term and severe spinal stenosis caused by OPLL and 
OLF. Once transient paralysis occurs, early diagnosis and 
high‑dose methylprednisolone therapy are essential to reverse 
the associated neurological deficits.
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