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This comprehensive review article aims to provide some definitive statements on the factors 
like clinical syndromes, radiological findings, and decompressive surgery, that may influ-
ence the outcomes in cervical spinal cord injury management. Literature search on these 
factors published in the last decade were analyzed and definite statements prepared and vot-
ed for consensus opinion by the WFNS Spine Committee members and experts in this field 
at a meeting in Moscow in June 2019 using Delphi method. This was re-evaluated in a meet-
ing in Pakistan in November 2019. Finally, the consensus statements were brought out as 
recommendations by the committee to the world literature. Traumatic Spinal Cord Syn-
dromes have good prognosis except in elderly and when the presenting neurological deficit 
was very poor. Though conservative management provides satisfactory results, results can 
be improved with surgery when instability and progressive compression was present. Locked 
facet with spinal cord injury denotes poor prognosis. Magnetic resonance imaging T2 im-
aging is the essential prognostic indicator that apart from sagittal grade, length of injury, 
maximum canal compromise, maximum spinal cord compression, axial grading (BASIC) 
score. Diffusion tensor imaging is the next promising predictor in the pipeline. Decompres-
sive surgery when done earlier especially within 24 hours of injury provides better result and 
there is no clear evidence to show medical management is better or equivalent to delayed 
surgical management. Clinical syndromes, radiological syndromes, and surgical decom-
pression have strong impact on the out comes in the management of cervical spinal cord in-
jury. Our comprehensive review and final recommendations on this subject will be of great 
importance in understanding the complex treatment methods in use.

Keywords: Spinal cord injury, Outcome of spinal cord injury, Central cord syndrome, Clini-
cal syndromes, Magnetic resonance imaging, Decompressive surgery

INTRODUCTION

Spinal cord injury (SCI) is a devastating disorder that demands 
attention of highest order and pose great challenge. There has 
been ever debating medical and surgical management proto-
cols. However, there are many factors like clinical syndromes, 
radiological findings, and decompressive surgery that have sig-
nificant impact on the outcomes. In this article, a comprehen-
sive study on these factors is enumerated in separate subhead-
ings after reviewing last 10 years of literature and finally the sa-

lient points are recommended from World Federation of Neu-
rosurgical Societies (WFNS) Spine Committee.

METHODS

Literature search was done on google scholar, PubMed, and 
Cochrane data base. There were 3 main subtitles we searched 
for: (1) “impact of clinical syndromes on spinal cord injury out-
comes.” The key words used for this were “spinal cord injury” 
and “prognosis” (8,016 hits) or “traumatic central cord syndrome” 
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(184 hits) or “traumatic anterior cord syndrome” (76 hits) or 
“traumatic Brown-Séquard syndrome” (60 hits). The case re-
ports, papers in languages other than English, papers older than 
10 years (published before 2010), unrelated papers were removed. 
Remaining 38 papers were reviewed. (2) “impact of radiology 
on spinal cord injury outcomes.” The key words used for this 
were “spinal cord injury” and “prognosis” and “MRI.” On search, 
Google scholar gave 17,000 hits, on specifying further key words 
they were reduced to 250, PubMed gave 1,230, on searching for 
specific key words there were 208 hits, whereas Cochrane gave 
189 hits. On excluding animal studies and including only hu-
man studies, 161 articles were shortlisted. Of these, 55 articles 
were identified to be relevant to our topic. Twenty-two of these 
studies were selected and studied in detail. No randomized con-
trolled trial (RCT) was identified, 8 prospective cohort studies 
(level 2), 7 retrospective cohort studies (level 3), 5 systematic re-
views (level 3), and 2 case series (level 4) were identified. (3) 
“impact of decompressive surgery on spinal cord injury out-
comes”. Using keyword “decompressive surgery in spinal cord 
injury” in PubMed search there were 3,705 papers. Between 
2010 and 2020, we found 1,642 articles with 28 clinical trials, 10 
RCTs, 11 meta-analysis, and 111 review articles. Further nar-
rowing search with “outcomes of decompressive surgery in spi-
nal cord” we found 489 articles with 23 clinical trials, 9 RCTs, 9 
meta-analysis, 49 reviews, and 12 systemic reviews. Best studies 
that contributed for our review came from few RCTs, meta-anal-

ysis and important articles (Fig. 1) reflects a flowchart depicting 
how we did literature search.

First consensus meeting was conducted on June 1, 2019 in 
Moscow. A re-evaluation meeting was done on November 13, 
2019 in Peshawar, Pakistan. Based on the literature review the 
authors prepared statements on factors that influence outcomes 
in cervical SCI, viz. clinical syndromes, radiological findings 
and decompressive surgery. A presentation based on the litera-
ture review and the prepared statements were subjected to dis-
cussions, followed by voting process by the members of the WF
NS Spine Committee using Delphi method. Answering to the  
questionnaire each expert voted for all of the statements grad-
ing every item on a 5-point scale according to Delphi method. 
1= total disagreement, 2= disagreement, 3= agreement, 4= more 
than agreement, 5= total agreement. Consensus is reached when 
the sum of items “1”+“2” or “3”+“4”+“5” exceeds 66%. We called 
a negative consensus if 1-2> 66%, positive consensus= 3-4-5>  
66%, nonconsensus= 1-2 or 3-4-5< 66%. The recommendations 
were prepared from those statements after consensus meeting.

1. Impact of Clinical Syndromes on SCI Outcomes
SCI clinical syndromes are: central cord syndrome (CCS), 

Brown-Séquard syndrome, anterior cord syndrome, posterior 
cord syndrome, cauda equina syndrome, and conus medullaris 
syndrome. In this paper, we will stress the most common syn-
drome, the CCS.

Fig. 1. Flowchart: literature search for the effect of radiological findings on prognosis. MRI, magnetic resonance imaging; RCT, 
randomized controlled trials.
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1) Incidence
McKinley et al.1 have searched for the incidence and outcomes 

of the SCI syndromes. From 839 acute SCI, 175 patients (21%) 
had diagnosed with SCI clinical syndromes. The most common 
was CCS (44%), followed by cauda equina syndrome (25%), 
Brown-Séquard syndrome (17%), and anterior cord syndrome 
(5%).

(1) Central cord syndrome
CCS occurs most frequently after an extension injury in older 

patients with pre-existing spinal canal stenosis. It was first de-
scribed by Schneider et al.2 in 1954. Clinical presentation con-
sists of more severe paresis in the upper extremities than the 
lower extremities. The reason for that is said to be due to cen-
tral white matter tracts are most affected. It accounts for ap-
proximately 9% of all traumatic SCIs.1

(2) Cauda equina syndrome
In fact, it is not a true SCI, but the injury of roots. In addition 

to lower extremity weakness, perianal anesthesia, and sphincter 
dysfunction are the clinical characteristics. The main difference 
from spinal cord syndromes is its nature as lower motor neuron 
lesion and greater chance of recovery since roots can regenerate.1

(3) Brown-Séquard syndrome
Brown-Séquard syndrome accounts for 1%–4% of all trau-

matic SCIs. Only a limited number of patients have the pure 
form of Brown-Séquard syndrome – much more common is 
Brown-Séquard plus syndrome,3 which refers to a relative ipsi-
lateral hemiplegia with a relative contralateral hemianalgesia. 
Etiology in most of the cases is penetrating injuries. It has the 
best prognosis among syndromes with up to 90% become am-
bulated by the time. If the upper limb is weaker than the lower 
limb, patients are more likely to ambulate.3

(4) Anterior cord syndrome
Anterior cord syndrome is a lesion involving the anterior two-

thirds of the spinal cord. Since the posterior columns are pre-
served, touch, position, and vibrators sensation are preserved, 
but there are complete paralysis and hypoalgesia below the level 
of the lesion. Its incidence is 2.7% of all traumatic SCIs.1 It has a 
poor prognosis, with only 10%–20% chance of motor recovery.

2) Acute traumatic CCS
(1) Diagnosis of CCS

Although the original description for trauma mechanism in 

CCS is a hyperextension injury in a person with already narrow 
spinal canal,2 flexion, and vertical compression can also cause 
this syndrome.4 The upper extremity weakness should be at-
tributed to the damage at the corticospinal tract and the motor 
neurons in the anterior horn. Hyperpathia probably resulted 
from injuries to the posterior horn.

Magnetic resonance imaging (MRI) is the diagnostic imag-
ing of choice, showing typical intramedullary hypersignal on 
T2-weighted image. There is probably an overlooked instability 
in some cases of traumatic CCS. Krappinger et al.5 have corre-
lated the intraoperative disco-ligamentous injury with preoper-
ative MRI findings. During surgery, they revealed 25 cervical 
spine segments with hyperextension instability in 22 of 23 pa-
tients (95.7%). While the radiologist on call correctly assessed 
segmental hyperextension instability in 15 of 25 segments, the  
specialized MRI radiologist was correct in 22 segments. The 
authors concluded that in most of the cases with acute CCS there 
is a disco-ligamentous injury, the magnetic resonance (MR) im-
ages are important for the diagnosis as well as the radiologist’s 
level of experience.5

(2) Nonsurgical treatment of CCS
In the past, these patients had been managed more conserva-

tively than other spinal cord injuries because the earliest descrip-
tions showed poor results with surgery and significant neuro-
logical improvement with nonsurgical management.2 However, 
because surgical techniques have improved and become safer, 
most central cord injuries are now treated surgically.6-8 The in-
cidence of surgery in the United States has increased 40% from 
2003 to 2010.6

Nonsurgical treatment relies on external cervical immobili-
zation, maintenance of a sufficient systolic blood pressure, and 
early rehabilitation, and should be reserved for patients suffer-
ing from mild acute traumatic central cord syndrome (ATCCS). 
Surgical management of ATCCS consists of posterior, anterior, 
or combined approaches, in order to achieve spinal cord decom-
pression, with or without stabilization. The benefits of early sur-
gical decompression in the setting of ATCCS remain controver-
sial due to the lack of clinical randomized trials; recent studies 
suggest that early surgery (less than 72 hours after trauma) ap-
pears to be safe and effective, especially for patients with evi-
dence of focal anatomical cord compression.

Early orthotic (collar) and medical management (volume re-
suscitation and blood pressure augmentation) are essential to 
maximize the chances of neurological recovery, by preventing 
the secondary injury cascade. Nonsurgical treatment may be 
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proposed to patients with mild ATCCS.9 Nevertheless, this treat-
ment may predispose to occurrence of persisting neuropathic 
pain and spasticity. Contrary to what historically advocated, 
early surgical decompression seems indicated especially in pa-
tients who exhibit progressive neurological deficits. Controver-
sy persists in the literature and no clear consensus can be pro-
posed because of the lack of prospective controlled studies. How-
ever, recent studies of class III evidence suggest that early sur-
gery for ATCCS is safe and effective, especially for patients with 
focal anatomical cord compression.9

In general, an aggressive medical management in intensive 
care unit by providing a good oxygenation and maintaining the 
blood pressure on normal levels are mainstay for all patients 
with a SCI, including CCS.10

(3) Surgery for CCS
There is no discussion that patients with cervical spinal frac-

ture or dislocation will need a surgery. For patients with focal 
cord compression and ATCCS, surgery will be a more viable 
option. However, the role of surgery for patients with ATCCS 
with long segment cord compression and injury or with spinal 
stenosis without bony injury remains a subject of debate in the 
literature.10

Yoshihara and Yoneoka8 have investigated the treatment trend 
in the United States. The ratio of patients who underwent sur-
gical treatment was 27.1%. The surgical treatment ratio has in-
creased from 15% in 2000 to 30% in 2009. A total of 47.2% of 
surgical procedures were performed during the first 2 days.8

Recently, there are increasing number of papers defending a 
surgery for ATCCS. They report that surgical management of 
acute traumatic CCS has been shown to improve neurological 
function, limit neuropathic pain, and prevent further SCI.8,11-14 
Patient age and comorbidities are important factors when con-
sidering surgical treatment for patients with ATCCS.

In a retrospective review of 69 patients, Anderson et al.11 have 
used a posterior approach in 33 patients (48%), anterior approach 
in 22 patients (32%), and combined anteroposterior approach 
in 14 patients (20%). They, however, have not found any corre-
lation between type of surgery and surgical timing with out-
come scores.

Time of surgery is another concern. In a meta-analysis in 2010, 
Lenehan et al.7 have looked for the outcomes of early and late 
surgery. They concluded that it is reasonable and safe to con-
sider early surgical decompression in patients with profound 
neurologic deficit (American Spinal Injury Association [ASIA] 
C) and persistent spinal cord compression due to developmen-

tal cervical spinal canal stenosis without fracture or instability. 
Those with less severe deficit (ASIA D) can be treated with ini-
tial observation with surgery potentially at a later date depend-
ing on the extent and temporal profile of the patient’s neurolog-
ic recovery.7

In a meta-analysis in 2015, Anderson et al.12 have found that 
patients operated on less than 24 hours have better ASIA scores 
1 year after surgery than those operated later. However, in a ret-
rospective study taken from National Trauma Data Bank Re-
search,13 among 1,060 operated patients, delayed surgery was 
associated with a decreased inpatient mortality.

A guideline for treatment options has been published by Feh-
lings et al.14 in 2017. Their recommendation is “We suggest that 
early surgery (< 24 hours after injury) be considered as a treat-
ment option in adult patients with traumatic CCS.” But, the 
quality of evidence is low. On the other hand, a late recurrent 
neurologic deterioration after conservative treatment may hap-
pen. Jin et al.15 have reviewed 17 cases with late deterioration. 
They report that neurological deficits of all patients on admis-
sion were not serious and recovered quickly after conservative 
treatment. No fractures or dislocation were found. Because of 
deterioration approximately 6 weeks after trauma, and since 
new MR images showing more anterior cord compression, they 
operated all of them with anterior approach. During surgery, 
they have observed obvious ruptures of disk, anterior and lon-
gitudinal ligaments. They concluded that ruptures of anterior 
longitudinal ligaments, posterior longitudinal ligaments, and 
disks resulting in cervical instability and secondary compres-
sion on spinal cord are the reasons of late deterioration.15

(4) Outcome of CCS
The most effective predictors of the outcome in acute trau-

matic CCS were found admission ASIA motor score, midsagit-
tal diameter of the canal, and age of the patient.16 Some others 
have found the importance of premorbid diseases.

3) Statements
Statement 1: Traumatic central cord syndrome (TCCS) has a 

good prognosis, although factors such as older age and more 
severe neurological damage during development are associated 
with a lower likelihood of neurological recovery. This statement 
reached a positive consensus (100% yes).

Statement 2: Conservative treatment (with use of hemody-
namic support and maintaining mean arterial pressure [MAP] 
85–90 mmHg) remains the most useful treatment for TCCS. 
This statement reached a positive consensus (91% yes).
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Statement 3: To improve the outcomes of TCCS treatment, 
when there are signs of spinal instability or continuing com-
pression of the spinal cord, an early surgery should be consid-
ered. This statement reached a positive consensus (91% yes).

2. Radiological Findings and Outcomes of SCI
Modern multidetector computed tomography (CT) imaging 

of the spine has essentially replaced plain radiographs due to 
the widespread availability and efficiency. CT scans can readily 
identify the bony abnormalities and types of fracture. Prompt 
and accurate diagnosis and care could be possible once we de-
tect even slight changes in bone marrow, softtissue, and spinal 
cord. A typical lesion on MRI in a traumatic spinal cord is a 
spindle-shaped lesion containing hemorrhage in the center sur-
rounded by a halo of edema. The edema has a greater rostral-
caudal extent than the central hemorrhage. The identification 
of parenchymal SCI on MRI tallies well with the degree of neu-
rologic deficit and the chances for the recovery.17 The ability to 
predict the functional outcome of radiology can influence reha-
bilitation strategies. It may provide an understanding of the 

neurological impairment in SCI cases where a concomitant 
head injury or another level of SCI exists. This may help in de-
termining the cellular changes in response to neural repair or 
biological therapies focused towards healing the damaged spi-
nal cord.

1) Role of MRI
MRI should be obtained in the first 48 hours after trauma. 6% 

of the patients with normal CT scans may have an abnormality 
on MRI, especially the ligamentous injury. MRI assesses prog-
nosis based on the findings of hemorrhage, the extent of edema, 
and the severity of the initial compression. On a T2 weighted 
MRI, a grave prognosis is symbolized by intraspinal hemor-
rhages more than 1 cm in length and a longitudinal signal more 
than 3 cm. A complete recovery is associated with normal ini-
tial MR image. Parashari et al.18 looked at the prognostic role of 
MRI and its association with the clinical outcome. Patients with 
a sizable focus of hemorrhage (> 1 cm) had larger cord edema 
and a more severe grade of initial ASIA Impairment Scale (AIS) 
with poor recovery at follow-up. Scoring is calculated on the 

Fig. 2. Basic score. The picture depicts MRI findings in cervical spinal cord injury patients with 5 basic scores ranging from 0 to 
4. MRI, magnetic resonance imaging; T2WI, T2-weighted image; 3D, 3-dimensional. Reprinted from Sharif and Jazaib. World 
Neurosurg 2020;140:574-590. with permission.21

figure 2

Description

Basic 0: �No appreciable intramedullary cord 
signal abnormality.

Basic 1: �Intramedullary T2 hyperintensity is 
approximately confined to central gray matter.

Basic 2: �Intramedullary T2 hyperintensity extends beyond 
expected gray matter margins to involve spinal white 
matter,  approximately confined to central gray 
matter, but does not involve entire transverse extent 
of the spinal cord.

Basic 3: �Intramedullary T2 hyperintensity involves entire 
transverse extent of spinal cord.

Basic 4: �Grade 3 injury plus discrete T2 hypointense foci, 
consistent with macrohemorrhage.

External contour Axial MRI T2WI 3D Axial MRI T2WI
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basis of a single axial image with the most severe SCI.19,20

Talbott et al.20 assessed the MRI findings of SCI patients ac-
cording to a 5-point score, in 95 patients with MR done within 
24 hours of injury. They showed excellent prognosis through all 
SCI severities. The data showed that the BASIC score helped in 
identifying AIS grade A patients, who may have potential to 
improve before discharge (Figs. 2, 3).21 The score showed im-
provement in patients with low scores with no improvement in 
BASIC score 4. In 2017, Kurpad et al.22 carried out a systematic 
review of patients with SCI using MRI. MRI characteristics ap-
pear to be predictive of outcomes in acute SCI, including the 
length of intramedullary hemorrhage (moderate-quality evi-
dence), canal diameter at maximal spinal cord compression, 
and spinal cord swelling (low-quality evidence) (Table 1).

(1) �Treatment strategies and SCI outcomes according to 
pretreatment MRI

Papadopoulos et al.23 evaluated the effect of pretreatment MRI 

Fig. 3. Basic scores in cervical spinal cord injury on admis-
sion and discharge. AIS grade improvement is shown in each 
BASIC score group, with a sketch of the SCI below. The per-
centages of patients within each group with a discharge AIS 
grade (circled in red). AIS, American Spinal Injury Associa-
tion Impairment Scale. Reprinted from Sharif and Jazaib. World 
Neurosurg 2020;140:574-590. with permission.21

figure 3

Table 1. Magnetic resonance imaging predictors of neurologic recovery

Study Data collection Study type Type of lesion Association with outcome Overall evidence

Boldin et al.,27 2006 Prospective Cohort Hemorrhage No Low

Long cord edema Worse

Cord swelling Unspecified

Miyanji et al.,25 2007 Prospective Cohort Hemorrhage Worse Moderate

Cord edema No

Cord swelling Worse

Shepard and Bracken28 Prospective Cohort Hemorrhage No Moderate

on the neurological outcome in 91 consecutive patients, suffer-
ing from traumatic closed cervical (C1–T1) cord injury. Seven-
ty-two percent of patients were managed according to an MRI-
protocol group. Results were used to choose on emergency de-
compression. There were no adverse events in all 66 patients, 
and ongoing cord compression was seen in half of these pa-
tients, leading to surgical treatment. Disc herniation, epidural 
hematoma, or bone fragments were identified on MRI, causing 
the anterior spinal cord compression in 25% of the patients, 
leading to an anterior surgery. 50% of the MRI-protocol group 
had an improvement in the outcome, compared to 24% of the 
reference group. One in 9 patients improved from a complete 
motor injury in the MRI-protocol group, to independent walk-
ing ability.23 Six studies showed an association between MRI 
features and neurological functions. AIS grade, ASIA motor 
score, Frankel grade, motor function score, upper/lower extre
mity motor function, and minimally useful function, pinprick 
score, and light touch score were used to assess functional out-
come.

(2) �Intramedullary spinal cord hemorrhage and neurological 
outcomes

Three of the 5 studies identified the presence of intramedul-
lary hemorrhage was predictive of worse neurologic recovery.24-26 
Selden et al.26 demonstrated that intra-axial hematoma in Fran-
kel grade A patients is associated with no improvement in fol-
low-up neurology. In 2 studies, worse neurological outcome 
was seen in longer rostrocaudal intramedullary hematoma.26,27 
Boldin et al.27 observed that longer hematoma length (median, 
10.5 mm) was associated with complete injuries, and these pa-
tients did not improve on follow-up AIS, whereas hemorrhage 
length of less than 4 mm showed improvement.27 Neurological 
outcome and cord edema on MRI (high signal intensity on T2-
weighted images) were not associated with neurologic recovery 
in 3 studies.25,27,28 The longer length of edema had worse neuro-
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logic recovery in 2 papers.24,27 Increase in spinal cord diameter 
was a predictor of worse neurological outcomes in a study.25

(3) Prognosticators of MRI and function
The MRI features predicting functional outcomes were stud-

ied by Wilson et al.29 The measures of functional recovery used 
were Functional Independence Measure (FIM) Motor score, 
functional dependence, self-reported manual dexterity, and 
dysesthesia. Aarabi et al.10 showed that lower maximal canal 
compromise was associated with worse FIM scores. Functional 
recovery was not associated with maximum spinal cord com-
pression (MSCC) and the spinal canal diameter. Similarly, SCI 
lesion length and FIM scores did not show an association, al-
though, manual dexterity and dysesthesia were related to a lon-
ger spinal injury lesion. Unusually, Wilson et al.29 suggested that 
MRI consistent with edema or hemorrhage are not important 
predictors of functional outcomes. Conventional MRI cannot 
distinguish recoverable from nonrecoverable tissue injury. Con-
tusion and edema have similar signal changes on T2-weighted 
images. Though, edema is recoverable and contusion is relative-
ly irreversible, with permanent loss of neurons, they have simi-
lar change on T2-weighted images. Advanced and innovative 
MRI techniques are required to have a comprehensive study of 
the spinal cord parenchyma, including diffusion tensor imag-
ing (DTI), functional MRI, MR spectroscopy, and perfusion 
imaging.10,24 Intrinsic measures of spinal cord pathology on acute 
MR imaging, particularly the BASIC score, accurately predict 
neurologic impairment in acute SCI (Table 2).18

(4) Diffusion tensor imaging
DTI evaluates spinal cord structural integrity and microstruc-

tural alterations that affect the diffusion of water molecules in 

the pathology. It is more sensitive for assessing spinal cord dam-
age than standard T2-weighted imaging (Fig. 4).30

There are only 39 human clinical studies that have been con-
ducted with DTI up to now, with only a couple of studies with a 
year long-term follow-up. Conventional imaging and DTI were 
performed on 25 patients with blunt SCI and 11 normal per-
sons. DTI depict the severity of SCI and correspond with ASIA 
motor scores in patients with nonhemorrhagic cord injury. The 
strongest association with both motor and SCIM III scores 
(Spinal Cord Independence Measure) at one year was found 
with axial diffusivity. Axial diffusivity is a more specific param-
eter for axonal injury than radial diffusivity. Hence axonal inju-
ry in the cord can be the main factor affecting patient recov-
ery.31 Fractional anisotropy (FA) defined as “the degree of an-
isotropy” ranges from 0 to 1, where tissues with high anisotropy 
such as white matter have values closer to 1. The injured por-
tion of the spinal cord shows a decrease in anisotropy second-

Fig. 4. The diffusion tensor imaging of a patient with C6/C7 
spinal cord injury. (A) Sagittal image of the T2-weighted im-
age of the cervical spine. (B) Diffusion tensor imaging sagittal 
section. Reprinted from Czyz et al. J Spinal Study Surg. 2017; 
1:25-28, under the terms of Open Access.30

A B

Table 2. Magnetic resonance imaging sequences and their value in spinal cord injury

MRI sequences Various findings in traumatic spinal cord injury Logical basis

Recommended

   Sagittal T2 Cord compression, edema, hemorrhage For management and prognosis

   Axial T2 Disc herniation, cord compression For management and prognosis

Optional

   Sagittal and axial T1 Ligaments, cysts Identify the mechanism of injury

   STIR/GRASS Ligaments Identify the mechanism of injury

   fMRI Blood oxygen level-dependent contrast For investigation and mapping out areas of spinal cord

   DTI White matter tracts Investigational and Prognostic?

STIR, Sequences of fast short TI inversion recovery, GRASS, gradient recalled acquisition in steady state; fMRI, functional magnetic resonance 
imaging; DTI, diffusion tensor imaging.
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ary to the disruption of longitudinally arranged fibres (Fig. 5).32

DTI in chronic cervical spine injury demyelination and axo-
nal degeneration of spinal tracts lead to reduce DTI values in 
SCI. The quantitative evaluation of spinal cord damage and the 
effect of future regeneration-inducing treatments can be moni-
tored by DTI.33

(5) Functional MRI and neural activity
Functional MRI (fMRI) is a noninvasive imaging tool that 

relies on the changes in the flow and oxygen levels of the meta-
bolically active neural tissue. The change in signal is related to 
both the blood oxygen level-dependent contrast and signal en-
hancement from water protons in extracellular space caused by 
an increase in water content in the area. The spinal fMRI can 
map out areas of sensory and motor spinal function, related to 
utilizing an active and passive lower limb task paradigm. Kor-
nelsen and Stroman34 showed that the neural activity was pres-
ent in all patients irrespective of the degree of injury and that 
both the active and passive motion could be elicited below the 

level of injury.

(6) Assessment of MRI sequences
In 2015, Martin et al.35 evaluated different techniques used in 

MRI sequences. The FA had the robust evidence of utility, with 
moderate-quality evidence as a biomarker, showing correlation 
with disability in the various clinical scenario. New MRI tech-
niques are evolving with the excellent potential for improve-
ment in the diagnosis and management of spinal pathologies. 
This has been shown to have limited clinical use.35

Efficacy of these advanced spinal imaging techniques will 
play a vital role in determining the role of novel treatments. Se-
rial DTI may evaluate spinal cord integrity and monitor micro-
structural changes during therapies. Perfusion MRI may deter-
mine whether blood flow has been re-established. An increase in 
glucose uptake is expected in healing spinal tissue, 18F-fluoro-
deoxyglucose positron emission tomography imaging may be 
valuable for monitoring neural repair.

2) Statements
Statement 4: Presence of facet dislocation on CT is suggestive 

of poor neurological outcome. This statement reached a posi-
tive consensus (91% yes).

Statement 5: MRI T2 sequences is an acceptable method to 
rapidly screen patients with a cervical injury. This statement 
reached a positive consensus (100% yes).

Statement 6: Predictive findings on T2 sequences, including 
sagittal grade, length of injury, maximum canal compromise, 
and MSCC, axial grading (BASIC) score provide the best and 
easy means to predict the outcome. This statement reached a 
positive consensus (100% yes).

Statement 7: DTI sequences may be promising to predict out-
come in both acute and chronic spinal injury patients. This state-
ment reached a positive consensus (91% yes).

3. Impact of Decompressive Surgery on SCI Outcomes
Surgical decompression in acute SCI was debated in the past 

while continuous studies were undertaken to search the validity 
of the same. It was hypothesized that the secondary changes in 
the cascade of events modified with less tissue damage follow-
ing decompression and hence clinical improvements were bet-
ter following surgery done at the earliest. Preclinical studies and 
clinical trials clearly highlight the value of surgical management 
in SCI, and if a surgery was done earlier after injury, the out-
comes are better at the end.

Fig. 5. Sagittal T2-weighted (T2W) magnetic resonance im-
age (left) of the cervical spine in a normal individual with axi-
al T2W images at each cervical level (middle). Fractional an-
isotropy maps (right) at each cervical level show the cross-
sectional anatomy with lower anisotropy in the central gray 
matter and higher anisotropy in the white matter funiculi. 
Lower cervical segments show poorer spatial resolution as 
compared to superior levels. Reprinted from Vedantam et al. J 
Magn Reson Imaging 2013;38:861-7, under the terms of Open 
Access.32
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1) Decompressive surgery
Traumatic spinal cord injuries are increasing due to fast im-

provement in living style in last decade with an average report 
of 750 cases per million population all over the world. Thera-
pies are aimed to reduce the extent of injury and prevent the 
cascades of events in secondary injury by doing decompressive 
surgeries at the earliest possible time in these victims. Labora-
tory research has shown significant benefits towards applica-
tion of decompressive surgery in acute SCI. Furlan et al.36 sum-
marized the results of various experimental studies emphasiz-
ing the impact of early decompression and outcome. Ziu et al.37 
demonstrated in a mouse model that prolonged compression 
leads to altered micro-RNA expression compared with short-
duration compression, suggesting that secondary injury not 
simply mediated by acute cytotoxicity, but by active protein syn-
thesis in surviving cells. These preclinical studies have shown 
that early surgical decompression improves outcomes of SCI.38.39 
Initially assessment of early decompression was done with a pe-
riod of 72 hours as cutoff. It was hypothesized that early de-
compression will provide less tissue damage and improved out-
come compared to those who were treated conservatively or 
with delayed surgery. However, Molliqaj et al.9 suggested that 
the final results were controversial due to lack of randomized 
clinical trials, in spite, they are safe and effective. Lenehan et al.7 
reported early surgery provided better results as mentioned 
earlier. However, later one systematic review supported early 
surgery with 24 hours cutoff. Fehlings et al.40 in his multicenter 
prospective cohort study examining surgical timing in acute 
SCI with comparison of early (less than 24 hours of injury) ver-
sus late (24 hours or later) surgery with respect to neurological 
improvement at 6 months post cervical SCI. They concluded 
early surgery is safe and at least 2 AIS grade clinical improve-
ment were observed at 6 months after surgery. While 19.8% of 
early surgical group showed 2 grade improvement, only 8.8% 
improved in the late group. Complications were moderately less 
in early group (24.2%) compared to late group (30.5%). However, 
the strength of evidence was very low, that timing of surgery is 
associated with functional outcomes.41,42 In the recent clinical 
reports, favoring surgeries done within a period of 8 hours have 
been analyzed by Lee et al.42 in a meta-analysis. They have opened 
newer thoughts on how earlier will be the best for SCI patients. 
In their analysis, 6 out of the 7 groups showed neurological im-
provement and 4 of them had methylprednisolone infused. While 
one group reported no improvement in spite of methylprednis-
olone infusion, another group showed improvement without 
the same. This meta-analysis has really opened a new area of 

research in the future not only to identify how early is the sur-
gery to be recommended and infusion of methylprednisolone 
as a routine in all indicated cases.

2) Statements
Statement 8: Decompressive surgery is an effective treatment 

in SCI and must be performed as early as possible. Data suggest 
that better outcomes are correlated with surgery performed with-
in 24 hours from trauma. This statement reached a positive con-
sensus (100% yes).

Statement 9: There is no clear evidence that nonoperative treat-
ment is better or equivalent to delayed decompression. This 
statement reached a positive consensus (100% yes).

CONCLUSION

TCCS has a good prognosis, although factors such as older 
age and severe neurological injury are associated with limited 
neurological recovery. Conservative treatment (maintaining 
MAP 85–90 mmHg) remains the most useful treatment for 
TCCS. Early surgery should be considered when there are signs 
of spinal instability or continued spinal cord compression. BA-
SIC scoring system remains a good and easy means to measure 
the outcome following spinal cord injuries. MRI T2 sequence is 
an acceptable method to rapidly screen patients with a cervical 
injury. Predictive findings on T2 sequences, including sagittal 
grade, length of injury, maximum canal compromise and MSCC, 
axial grading (BASIC) score provide the best and easy means to 
predict the outcome. Decompressive surgery is an effective treat-
ment in SCI and must be performed as early as possible. Data 
suggest that better outcomes are correlated with surgery per-
formed within 24 hours from trauma.

WFNS SPINE COMMITTEE 
RECOMMENDATIONS

Impact of Clinical Syndromes on Outcomes
• �TCCS has a good prognosis, although factors such as older 

age and severe neurological damage are associated with a 
lower likelihood of neurological recovery.

• �Conservative treatment (with use of hemodynamic support 
and maintaining MAP 85–90 mmHg) remains the most 
useful treatment for TCCS.

• �To improve the outcomes of TCCS treatment, when there 
are signs of spinal instability or continuing compression of 
the spinal cord, early surgery should be considered.
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Impact of Radiological Findings on Outcomes
• �Presence of facet dislocation on CT is suggestive of poor 

neurological outcome.
• �MRI T2 sequences is an acceptable method to rapidly screen 

patients with a cervical injury.
• �Predictive findings on T2 sequences, including sagittal grade, 

length of injury, maximum canal compromise, and MSCC, 
axial grading (BASIC) score provide the best and easy means 
to predict the outcome.

• �DTI sequences may be promising to predict outcome in 
both acute and chronic SCI patients.

Impact of Decompressive Surgery on Outcomes
• �Decompressive surgery is an effective treatment in SCI and 

must be performed as early as possible. Data suggest that 
better outcomes are correlated with surgery performed with-
in 24 hours from trauma.

• �There is no clear evidence that nonoperative treatment is 
better or equivalent to delayed decompression.
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