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Abstract 
Introduction: Reperfusion injury of spinal cord “white cord syndrome” re-
fers to acute neurological deterioration after decompressive spinal surgery 
without any reported intraoperative events. The postoperative appearance of 
diffuse hyperintense intramedullary areas in T2-weighted MRI is characteristic 
without any other pathological or compressive signs. The etiology may be due 
to sudden expansion of the cord after reperfusion of chronically ischemic 
areas leading to disruption of blood-spinal cord barrier. The incidence and 
risk factors of the syndrome are not well documented in the literature. Me-
thods: This is a retrospective case series that included 150 patients with cer-
vical spondylotic myelopathy who had undergone decompression surgery in 
our institution from 2017 to 2019. Patients’ demographics, clinical, imaging 
characteristics, intraoperative and postoperative data were collected and ana-
lysed. Results: In this study, we documented 7 cases of this syndrome. We 
found that advanced age, chronic hypertension, pre-existing cord signal in 
MRI and long history of symptoms may be risk factors for this syndrome. 
Conclusion: Early diagnosis and prompt treatment of this syndrome with 
steroids and physical therapy may lead to initial improvement. Awareness of 
the surgeons about this syndrome should be increased and identifying its risk 
factors is very important for patients counseling. 
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1. Introduction 

Cervical spondylotic myelopathy (CSM) is a chronic degenerative condition of 
the cervical spine. It is the most common cause of progressive spinal cord and 
nerve root malfunction [1]. Traditionally posterior cervical laminectomy with or 
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without fusion was recognized as the treatment of choice in cervical spondylotic 
myelopathy. In spite of being a safe procedure, complications of posterior cer-
vical decompression may reach 14%. C5 palsy, CSF leaks and wound infection 
are the most common reported complications. Worsening of the neurological 
status after the procedure is uncommon and may be due to iatrogenic trauma to 
the cord or epidural hematoma [2]. 

In very few cases, deterioration of the neurological condition after the surgery 
may occur without any explanation—the so-called white cord syndrome (WCS). 
Chin et al. first described it in 2013 following anterior cervical approach [3]. Al-
though the underlying pathophysiology is not entirely clear, ischemic-reperfusion 
injury remains the most accepted theory. Restoration of blood flow to ischemic 
areas after acute decompression leads to rapid expansion of the cord and inju-
rious inflammatory cascade [4]. The presence of hyperintense T2 intramedullary 
signal in the postoperative MRI is characteristic without any residual stenosis or 
compressive element. 

The aim of this study is to increase the awareness of the surgeons and patients 
about this possible devastating complication. We tried to identify possible risk 
factors and evaluate the efficacy of treatment strategies mentioned in the litera-
ture. 

2. Materials and Methods 

This retrospective study included 150 patient with CSM treated with posterior 
cervical decompression with or without fusion from December 2017 to July 2019 
in Neurosurgery Department at Cairo University Hospitals. Proper history tak-
ing and complete neurological examination confirmed diagnosis of cervical 
myelopathy. All the cases were assessed pre and postoperatively and during the 
follow up period for 6 months according to Nurick scale (Table 1). MRI cervical 
spine, CT scans, static and dynamic X rays were done for all patients. All cases 
with preoperative high T2 signal intensity in MRI were documented. All the 
cases were treated by cervical laminectomy with or without fusion. The decision 
to stabilize the cervical spine by using lateral mass screws was taken according to 
the presence of preoperative cervical instability or reversed cervical spine curva-
ture confirmed by static and dynamic x rays. Informed consent about the pro-
cedure, its possible complications and participation in this study was obtained  
 
Table 1. Nurick scale for grading myelopathy severity. 

Description Grade 

Signs and symptoms of root involvement but no cord disease. 0 

Signs of cord disease. Normal gait. 1 

Mild gait abnormality. Able to be employed. 2 

Gait abnormality prevents employment. 3 

Able to walk only with help. 4 

Chair bound or bed ridden. 5 
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from each patient. Two important anesthetic considerations were discussed with 
anesthesia teams during the procedure. The first one is avoidance of over exten-
sion of the neck during intubation. This could be achieved by using fiber-optic 
laryngoscopy or intubation without any neck movement (manual in-line stabili-
zation or a hard neck collar). The second one is maintenance of spinal cord per-
fusion by avoiding sudden changes of arterial blood pressure and keeping the 
patient’s mean arterial pressure at 90 - 105 mm Hg throughout the procedure. 
Stabilization of the neck by the surgeon during positioning of the patient is very 
important. The surgical procedure was done under general anesthesia in prone 
position. Cervical laminectomy of the stenotic levels was done meticulously by 
creating gutters on both sides using high speed drill or 1 mm kerrison. The pro-
cedure was completed by lifting the lamina en bloc and careful dissection be-
tween the dura and ligamentum flavum.  

We performed an extensive review of the literature to identify the reported 
cases of WCS. We searched the PUBMED using the keywords “white cord syn-
drome” and “reperfusion injury” and “spinal cord” and “surgery”. We found 7 
cases of WCS reported in the literature after surgery of cervical spine pathology: 
6 cases of degenerative spine disease and 1 case of cervical tumor (Table 2). Va-
riables like age, coexistence of co morbidities and presence of preoperative MRI 
hyperintense T2 signal were observed to identify possible risk factors. 

3. Results 

Among 150 patients with cervical spondylotic myelopathy, we observed 7 cases 
of WCS (4.6%). The age of all patients ranged from 40 years to 70 years (mean 
age is 55 years). These cases experienced postoperative neurological deteriora-
tion without any reported events during the procedure. We did postoperative ur-
gent cervical MRI for these patients to exclude epidural hematoma or inadequate  
 
Table 2. Literature review of previously reported cases of WCS after different surgical 
approaches. 

Outcome 
Nurick 

Preop. 
Nurick 

Preop. 
signal 

Procedure 
Age/Sex/ 

Comorbidity 
author 

4 3 Yes Double ACDF, platting M59 Chin et al. 2013 

4 3 Yes 
Double ACDF,  
interbody cage 

64 M 
Giammalva  
et al. 2017 

4 1 Yes 
Posterior C4-7 

Lateral mass fixation C3-7 
68 M Antwi et al. 2018 

N/A 1 
Not  

appeared 
Posterior C1 Laminectomy, 
superior part of C2 lamina 

41 M 
Wiginton JG  

et al. 2019 

4 3 No 
Posterior C3-C6, lateral  

mass fixation C2-7 

79 M 
Hypertension/ 

Atrial fibrillation 

Papaioannou  
et al. 2018 

1 4 Yes 
Posterior C3-5 

Lateral mass C2-6 
79 M 

Hypertension 
Mathkour  
et al. 2020 
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compression. CT cervical spine was done in cases of decompression and fusion 
to detect any screws malposition. We also did MRI brain to exclude cerebrovas-
cular insufficiency. The hallmark of postoperative images was the presence of 
enlarged T2 hyperintense signal. No epidural hematoma, cerebral stroke or 
hardware malposition was detected. All cases of WCS were above 60 years old. 5 
cases were males and 2 cases were females. Six cases showed preoperative hyper 
intense T2 signal in MRI corresponding to the stenotic levels and this abnormal 
signal showed expansion in the postoperative MRI (Figure 1 and Figure 2). 
Only one case showed no abnormal intramedullary signal of the spinal cord in 
the preoperative MRI but a new hyperintense T2 signal appeared in the post-
operative MRI. 4 cases underwent cervical laminectomy only and the other 3 
cases underwent laminectomy and fusion. All 7 cases were treated with I.V ste-
roids and physiotherapy and no further surgical management was done. All cas-
es of WCS suffered from co-morbidities such as hypertension and 4 cases are 
also diabetic. Six months after surgery, all the cases showed partial improvement 
of their neurological status (Table 3). 
 

 
Figure 1. Preoperative MRI cervical 
spine showing cervical canal stenosis. 

 

 
Figure 2. Postoperative MRI cervical spine showing extensive hyperintense T2 signal. 
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Table 3. Results of documented cases of WCS in our study. 

Case Age/sex/comorbidity Procedure 
Preop. MRI 

signal 
Preop. 
Nurick 

Outcome 
Nurick 

1 
62 M 

Hypertension/Diabetes 
C3-7 laminectomy 

and fusion 
Yes 2 4 

2 
65 M 

Hypertension 
C3-6 laminectomy 

and fusion 
Yes 3 4 

3 
70 M 

Hypertension/Diabetes 
C3-7 laminectomy Yes 3 4 

4 
61 M 

Hypertension/Diabetes 
C3-5 laminectomy 

and fusion 
No 1 3 

5 
63 M 

Hypertension 
C3-6 laminectomy 

and fusion 
Yes 3 4 

6 
69 F 

Hypertension/Diabetes 
C3-6 laminectomy Yes 2 4 

7 
65 F 

Hypertension 
C3-7 laminectomy Yes 2 3 

4. Discussion 

Although WCS is a very rare complication, it is a terrible nightmare for both the 
patients and surgeons. WCS was first described by Chin et al. in 2013 when a 59 
years old male with cervical cord compression underwent double level ACDF. 
The patient developed quadriplegia without any reported intraoperative events 
[3]. WCS is rarely mentioned in the literature and only few cases were reported 
as a complication of anterior or posterior decompressive surgery for degenera-
tive spondylotic myelopathy. Two cases of WCS were reported following ante-
rior approach [3] [5], while 4 cases were reported following posterior approach 
[6] [7] [8] [9]. Only one case of WCS was reported after decompressive surgery 
and fusion in a case of cervical tumor. Vindoh et al. reported the case of 51 years 
old paraparetic male affected by C3 metastatic carcinoma that underwent pallia-
tive cervical decompression and fusion. Postoperative the patient developed qu-
adriplegia with difficulty in extubation and treated with high dose intravenous 
steroids [10]. 

The pathopysiology of WCS is not entirely clear. Ischemic-reperfusion injury 
is the most accepted theory to explain this phenomenon and the following sev-
eral mechanisms are involved [4]: 

1) Direct trauma to the cord by the rapid gush of blood following acute de-
compression. 

2) Chronic compression of the cord causes ischemia at the stenotic levels. 
Decompressive surgery leads to restoration of blood flow to these levels. The free 
oxygen radical species found in the new blood are responsible for oxidative 
stress which causes injury of the cord. 

3) Another element is lipid peroxidation of the neuronal membranes caused 
by reactive oxygen species and other inflammatory mediators.  
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Risk factors for WCS have not been adequately studied. Advanced age and 
co-morbidities such as chronic hypertension may increase the risk for WCS. 
Chronic oxidative stress appears in elderly due to impairment of homeostatic 
systems such as the immune system. This leads to imbalance between antioxi-
dants and free radical oxygen species with predominance of the latter. This 
markedly affects all cells of the body including the nervous system [11]. After 
exclusion of the case of WCS reported in a patient with cervical tumor, the av-
erage patient age in other 6 reported cases of WCS was 65 years. Only one of 
these cases occurred in a patient younger than 50 years. In our study the average 
patient age was 65 years. All patients in our study were above 60 years. Chronic 
hypertension causes endothelial damage and atherosclerosis of blood vessels. 
This leads to disruption of blood-spinal cord barrier increasing its permeability 
to inflammatory mediators [12]. In previously reported 6 cases, only 2 cases 
were known to have hypertension. In our study, all 7 cases were known to be 
hypertensive. 

Chronic cervical cord compression may lead to increased T2 signal intensity 
in preoperative MRI. This abnormality denotes prolonged compression of the 
cord leading to neuronal loss or myelomalacia and associated with poor out-
come. Delayed decompression could exacerbate the reperfusion injury cascade 
as has been suggested in experimental study in mice [13]. In the previously re-
ported 6 cases, four cases have hyperintense T2 signal area in the preoperative 
MRI. In our study 6 cases have such an abnormality in the preoperative images 
corresponding to the stenotic levels. At our institute and due to financial burden, 
we didn’t use intraoperative neurophysiological monitoring in surgery of dege-
nerative spinal disorders. In all cases reported in the literature, electrophysiolog-
ical monitoring was used. The somatosensory and motor evoked potentials sud-
denly decreased in voltage during the closure of the superficial planes. Resnick et 
al. reviewed the literature regarding the use of electrophysiological monitoring 
during surgery of degenerative spinal disorders. They concluded that it had a lit-
tle impact on the surgical outcome. It might alarm and result in abortion of the 
procedure without true neural insult (false positive). It’s useful to document the 
time of the trauma however neural injury could happen without alarming (false 
negative) [14]. 

In the absence of any reported intraoperative iatrogenic injury of the cord, 
other possible factors of worse outcome after surgery should be considered. 
These factors include epidural hematoma, CSF collection, hardware malposition, 
residual compression, systemic hypotension and cerebrovascular insufficiency. 
At our institute we had the ability to perform immediate postoperative MRI and 
CT scans and keep the operating theatre on standby. MRI cervical spine ex-
cluded the presence of residual stenosis, hematoma, and CSF collection. The 
hallmark of postoperative MRI cervical spine is the expansion of hyperintense 
T2 signal area. MRI brain excluded any ischemic insult. CT cervical scans con-
firmed proper position of the screws. The mean arterial pressure was maintained 
through the procedure at accepted ranges. 
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Due to adequate decompression and proper position of the screws confirmed 
by postoperative images, we didn’t need to perform any further decompression. 
Once the diagnosis of WCS was established, these patients were transferred to 
rehabilitation unit for intravenous steroids administration and physiotherapy. In 
the previously reported cases, only 2 cases underwent further surgery. Chin et al. 
decided to do C5 corpectomy because the postoperative MRI raised their con-
cerns about residual bony compression at C5 [3]. As they didn’t have the op-
portunity to do urgent postoperative MRI in their public hospital, Papaioannou 
et al. decided to re-explore the wound of their patient who underwent posterior 
cervical laminectomy and fusion. They didn’t find hematoma or CSF collection 
and they extended the decompression posteriorly to provide space for the cord 
aiming for possible recovery [7]. 

Understanding the pathophysiology of WCS helps us plan the treatment 
strategy. In spinal cord injury, significant improvement of the neurological func-
tions could be achieved if methylprednisolone is administered within 8 hours of 
injury and continued for 48 hours. Being one of the several mechanisms in-
volved in the pathophysiology of WCS, lipid peroxidation of neurons could be 
inhibited by steroids [15]. All the reported cases of WCS in the literature were 
treated with intravenous steroids and witnessed initial improvements in their 
neurological status. In our study all the patients started steroid therapy imme-
diately (8 mg methylprednisolone every 6 hours for 48 hours) and showed some 
improvement in the consecutive days. As previously mentioned in this section, 
reactive oxygen species play an important role in the pathophysiology of WCS. 
Thus potent antioxidants may be effective in the treatment of this syndrome 
[16].  

Due to rarity of this complication and limited number of cases in our study, 
statistical analysis for the significance of risk factors couldn’t be performed. We 
recommend further studies to confirm the significance of risk factors of WCS 
such as advanced age, chronic hypertension, preoperative high T2 signal and 
long standing cervical cord compression. Recognition of this rare phenomenon 
is very important for patients and surgeons alike. Patients and surgeon should be 
aware that WCS is a possible cause of devastating paralysis after surgery in the 
absence of any iatrogenic injury. This is very important for patient counseling 
and should be included in the preoperative informed consent. Early diagnosis of 
this complication and exclusion of other causes of unfavorable outcome after 
cervical decompressive surgery is very crucial. Proper understanding of the pa-
thophysiology of WCS helps planning of future treatment strategies. We believe 
that absence of intraoperative neurophysiological monitoring which is helpful in 
documenting the time of injury is one of the limitations of this study. Also we 
recommend measurement of serum level of inflammatory markers in cases of 
WCS to confirm the pathogenesis of this syndrome. 

5. Conclusion 

White cord syndrome is a rare complication but it usually leads to catastrophic 
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outcomes. Diagnosis of WCS is usually done by exclusion. Deterioration of the 
motor power of the patients in absence of intraoperative iatrogenic injury of the 
cord and systemic hypotension should raise the suspicious of the surgeons about 
this syndrome. The characteristic abnormality in the postoperative MRI is the 
expansion of hyperintense T2 signal. This study included the largest number of 
patients of this syndrome. Advanced age, co-morbidities such as chronic hyper-
tension and long standing cervical compression should be identified as risk fac-
tors. Steroids and physiotherapy remain the cornerstone of management of 
WCS. 
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