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1. Introduction

ABSTRACT

Acute traumatic central cord syndrome (ATCCS) is the most common type of incomplete spinal cord
injury, characterized by predominant upper extremity weakness, and less severe sensory and bladder
dysfunction. ATCCS is thought to result from post-traumatic centro-medullary hemorrhage and edema,
or, as more recently proposed, from a Wallerian degeneration, as a consequence of spinal cord pinch-
ing in a narrowed canal. Magnetic Resonance Imaging is the method of choice for diagnosis, showing a
typical intramedullary hypersignal on T2 sequences. Non-surgical treatment relies on external cervical
immobilization, maintenance of a sufficient systolic blood pressure, and early rehabilitation, and should
be reserved for patients suffering from mild ATCCS. Surgical management of ATCCS consists of posterior,
anterior or combined approaches, in order to achieve spinal cord decompression, with or without stabi-
lization. The benefits of early surgical decompression in the setting of ATCCS remain controversial due to
the lack of clinical randomized trials; recent studies suggest that early surgery (less than 72 hours after
trauma) appears to be safe and effective, especially for patients with evidence of focal anatomical cord
compression.

© 2014 Elsevier Masson SAS. Open access under CC BY-NC-ND license.

RESUME

Le syndrome centromédullaire aigu post-traumatique (SCAPT) est la forme la plus fréquente de
Iésion médullaire incompléte, caractérisée par la prédominance d’une faiblesse motrice aux membres
supérieurs et accompagnée d'une dysfonction sensitive et vésicale moindre. Le SCAPT pourrait résul-
ter d’'une hémorragie et d'un cedéme intramédullaire ou plutét, comme récemment démontré, d’'une
dégénérescence Wallérienne. Dans les deux cas 'origine serait un pincement médullaire aigu chez un
patient avec canal cervical étroit. L'IRM reste la technique de référence pour le diagnostic car permet de
mettre en évidence le typique hypersignal intramédullaire en séquence T2. Le traitement non-chirurgical
comprend I'immobilisation cervicale, le maintien d’'une bonne pression sanguine systolique et la réha-
bilitation précoce, et il devrait étre réservé aux patients présentant les formes modérées de SCAPT. Le
traitement chirurgical du SCAPT peut se faire par abord antérieur, postérieur ou combiné consistant
principalement a faire une décompression de la moelle, sans ou avec une stabilisation vertébrale. Les
bénéfices portés par une décompression chirurgicale précoce dans un contexte de SCAPT sont controver-
sés dans la littérature, ceci s’explique par le manque d’essais cliniques randomisés a ce sujet. Les études
récentes suggérent qu'une décompression précoce (moins de 72 heures apreés le trauma) semble étre sans
trop de danger et efficace particuliérement pour les patients avec mise en évidence d'une compression
médullaire focale.

© 2014 Elsevier Masson SAS. Open access under CC BY-NC-ND license,

(ATCCS). It is the most common acute incomplete cervical spinal
cord injury accounting for 70% of all incomplete cervical spinal cord

Cervical spinal cord injury may result in different types of syn- injuries [1]. About 20% of patients with cervical spinal cord injuries
dromes, one of which is the acute traumatic central cord syndrome present a clinical ATCCS [2,3].
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First described by Schneider et al. in 1954, the clinical pre-
sentation of ATCCS is characterized by a motor weakness more
severe in the upper than in the lower extremities [4,5]. A vari-
able degree of sensory loss below the level of injury is present.
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Typically a bilateral loss of pain and thermal sensation due to dam-
age of the anterior white commissure may occur, mimicking a
“cap” distribution over the shoulders and upper extremities. ATCCS
may be associated with sphincter dysfunction, if the preganglionic
autonomous neurons are impaired. Recent studies propose a new
definition stipulating that a score difference of at least 10 points in
the American Spinal Injury Association (ASIA) score between the
upper and the lower limbs is required to define the injury as ATCCS
[6,7].

The aim of this article is to review the physiopathological mech-
anisms involved in ATCCS, to explain the role of modern imaging
techniques, and to provide a review of the literature regarding the
management of the ATCCS, focusing on timing of decompression
and its impact on clinical outcomes.

2. Search criteria

We conducted a MEDLINE search focused on ATCCS using
PubMed, including only English language publications from 1936 to
2013. References cited in the articles were also reviewed to include
any other relevant information. Finally, standard spine textbooks
were used to supplement this analysis. For pathogenesis, the search
headings included the following words: “central cord syndrome
pathogenesis”, “hematomyelia”, “edema”, “primary and secondary
injury”, “Wallerian degeneration”. The abstracts of relevant cita-
tions were reviewed and articles then selected. For neuroimaging,
the following search terms were used: “MRI”, “CT scan”, “X-ray”,
“intramedullary changes”, “edema”, “spondylosis”. The abstracts
were reviewed, and applicable papers further selected. For man-
agement of ATCCS, we used standard search terms along with MeSH
headings, i.e. “surgical management of ATCCS”, “non-surgical man-
agement”, “collar immobilization”, “medical treatment”, “anterior
and posterior approaches”, “combined approaches”, “laminec-
tomy”, “laminoplasty”, “ACDF”, “ACCF”. The relevant papers
have been inserted and detailed in Tables 1-3. We graded all
manuscripts as class Ill evidence, in the absence of randomized
control trials (Table 1). There is a fairly wide range of liter-
ature concerning ATCCS, and therefore it was difficult to be
completely exhaustive. Some items were not selected because
their abstract did not seem relevant for this review or because
the findings were similar to other studies previously men-
tioned.

Table 1
Summary of manuscripts with systematic review of the literature on SCI.
Résumé des articles de type revue de la littérature sur les lésions médullaires.

3. Pathophysiology of ATCCS
3.1. Animal models for ATCCS

There exists preclinical evidence that the amount of compres-
sion and its duration time are two factors negatively related to
neurological improvement [10,27-29]. Moreover, although evi-
dence in humans is less clear, animal evidence is in favor of
early decompression. This is explained by the physiopathological
mechanisms involved. In fact, primary and secondary lesions can
characterize acute spinal cord injury (SCI). Primary lesions are
directly due to the damage caused by the initial compressing
trauma. This “initiates a cascade of secondary injury mechanisms,
including ischemia, electrolyte derangements, and lipid peroxida-
tion” [10,27]. It is mainly in order to avoid these secondary lesions
that medical and surgical support play a fundamental role and
also emphasize the importance of the timing of decompression
[10,27,30].

3.2. ATCCS in humans

The mechanisms involved in ATCCS, initially reported by Taylor
etal.[31], have been updated by Schneider etal. [4,5]. These authors
proposed that cervical hyperextension causes acute spinal canal
narrowing by anterior protrusion of the ligamentum flavum with
subsequent spinal cord pinching. Injury is facilitated in the setting
of a stenotic spinal canal primarily caused by degenerative changes
in older patients and congenital narrowing in younger patients.
Age distribution in ATCCS is bimodal [32-34] with a first peak in
patients under 30 years old, suffering from high velocity injury, and
a second peak in elderly patients with low velocity trauma in the
setting of cervical stenosis [8,32,33].

Schneider et al. initially described the presence of hematomyelia
centrally located in the spinal cord post mortem, which led to the
destruction of the central cord structures [5]. Nonetheless, more
frequently hematomyelia was absent, and the injury was caused
by edema alone. This correlates with the autoptic study published
by Quencer et al., where only axonal lesions were identified with no
hemorrhage [8,35]. The explanation of the disproportionate motor
impairment between upper and lower limbs is not clear. Histor-
ically, the preferential involvement of the upper limbs has been

Citations Description of the study

Timing of intervention

Conclusions

Aarabi et al.,, 2013 [6] Systematic review of the literature

Nader et al., 2013 [75] Systematic review of the literature

Aarabi et al., 2008 [8] Systematic review of the literature

Fehlings et al., 2010 [9]
20-questions survey sent to spine
surgeons

Fehlings et al., 2006 [10] Systematic review of the literature

La Rosa et al., 2004 [11] Systematic review of literature

Undetermined

Undetermined

Undetermined

Systematic review and a <24h

<24hor<72h

<24h;>24h

Surgical decompression particularly if the
compression is focal is recommended. Patient age
and comorbidities are important factors when
considering surgical treatment

Superiority of surgery to conservative treatment
for ATCCS. No difference in early versus late
surgical management

Any type of recommendation for the timing of
surgery remains an option

No consensus between spine surgeons (971)
concerning surgical decompression in ATCCS due
to spinal stenosis

Urgent decompression seems to be recommended
in a patient with incomplete tetraplegia or with
neurologic deterioration. Decompression within
24 hours may reduce length of intensive care unit
stay and medical complications

Early decompression gives better outcomes

SCI: spinal cord injury.
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Evidentiary summary of manuscripts examining the comparison between early surgery, late surgery and conservative management.
Mise en évidence des manuscrits comparant la prise en charge chirurgicale précoce, chirurgicale tardive et conservative.

Citations

Description of the study

Study population

Timing of intervention

Conclusions

Fehlings et al., 2012
STASCIS [12]

Aarabi et al,, 2011 [13]

Stevens et al., 2010 [14]

Chen et al.,, 2009 [15]

Aito et al., 2007 [16]

Guest et al., 2002 [17]

Papadopoulos et al., 2002
[18]

Mirza et al.,, 1999 [19]

Chen et al.,, 1998 [20]

Chen et al., 1997 [21]

Bose et al., 1984 [22]

Brodkey et al., 1980 [23]

Schneider et al., 1954 [5]

Multicenter prospective
cohort study

Retrospective study of
prospectively collected
data

Retrospective review

Retrospective review

Retrospective review

Retrospective review

Prospective. Non
randomized study

Retrospective case series

Prospective. Non
randomized

Retrospective review

Retrospective study

Case reports

Review of 14 cases

182 patients underwent
early surgery and 131 late
surgery

211 patients treated for
ATCCS

126 patients diagnosed
with CCS and 67 received

surgery

A total of 49 patients with
ATCCS who underwent
surgical intervention

82 patients, 45% operated
and 55% had conservative
treatment

50 patients treated
surgically

A total of 91 patients with
acute traumatic cervical
spinal cord injury

A total of 43 patients of
two different center

37 patients with cervical
spondylosis, 16 surgery
and 21 conservative
treatment

114 patients with ATCCS,
28 surgical and 86 medical
treatment

28 patients, 14 medical
therapy alone and 14
surgical and medical

7 patients with ATCCS

8 personal cases and 6
from the literature

<24h

<24
24hto48h
>48h

<24h;>24h; or second
hospitalization

<4days or>4days

Not specified

<24hor>24h

<24h

<72h

<2 weeks

From 6 days to 24 months

Not assessed

3 to 6 weeks

Not assessed

Early decompression can
be performed safely and is
associated with improved
neurological outcomes

Timing of decompression
does not play a significant
role

No statistically significant
difference in neurologic
outcome was identified
with regard to timing of
surgery

The improvement in the
ASIA motor score was
positively correlated with
age at injury

Surgical decompression
did not affect outcome

Early surgical
decompression is overall in
favor of a better recovery,
especially if the cause is
disc herniation or
fracture/dislocation

Early decompression is
feasible and may
significantly improve
neurological outcome

Early decompression is
feasible and improves
neurological recovery

Surgery is associated with
shorter hospital stay and
improved neurological
recovery

Younger patients had
better recovery

Operative intervention did
not produce neurological
worsening

All patients improved very
rapidly

They do not recommend
surgical treatment because
most patients improved
spontaneously

STASCIS: Surgical Timing in Acute Spinal Cord Injury Study; ATCCS: acute traumatic central cord syndrome.

explained by the somatotopic organization of the corticospinal
tract, where fibers for the upper extremities are more centrally
located than those for the lowers extremities [5,6,8,36]. However,
Levi et al. criticized such a somatotopic organization of the cor-
ticospinal tract in primates [8,37]. Subsequently, Jimenez et al.
published the evidence of a Wallerian degeneration of the corti-
cospinal tract and suggested that the corticospinal tract fibers seem
preferentially involved in motor control of upper extremities rather
than in that of lower extremities [38].

4. Imaging for ATCCS
Magnetic resonance imaging (MRI) is the examination of choice

for the diagnosis of ATCCS, showing intramedullary hypersignal on
T2-weighted and STIR sequences consistent with edema as well as

lesions of ligaments and intervertebral discs [39,40]. Aarabi et al.
recently observed a positive correlation of admission ASIA motor
score and length of parenchymal damage on T2-weighted MRI
imaging [6]. MRI is also useful for the assessment of hemorrhage
[41,42] and may show the presence of prevertebral hematoma or
disruption of posterior ligaments, as a possible indicator of spinal
column instability [43]. Conventional MRI has a lower sensitivity
than diffusion tensor imaging (DTI) for assessing the correlation
between imaging and neurological impairment [41,44-46]. Quan-
titative DTI and fiber tractography analysis are useful to evaluate,
in greater detail, the white matter lesions in the central cord
syndrome [46], but this needs to be further developed towards
quantification.

Cervical dynamic X-rays play an important role in the radio-
graphic assessment of the eventually associated disco-ligamentous
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Table 3
Evidentiary summary of manuscripts focused on conservative management.
Résumé des manuscrits décrivant la prise en charge conservative.

Citations Description of the study

Study Population

Conclusions

Dvorak et al., 2005 [24] Retrospective review

Newey et al., 2000 [25] Retrospective study

Waters et al., 1996 [26]

Prospective multicenter study

Bosch et al.,, 1971 [3] Retrospective review

Schneider et al., 1958 [4] Retrospective review

70 patients with ATCCS

32 patients were evaluated

19 patients were evaluated

In a total of 60 patients, there was
a subgroup of 42 cases of CCS
managed conservatively

Two age groups: young patients
with fracture dislocation injuries.
Older patients with

The functional status correlates with the
initial AMS, the level of education, the
young age, the absence of spasticity and
comorbidities

Age-related differences in outcome.
Spasticity does not appear to cause
significant functional problems

One the average. Patients doubled their
initial ASIA motor score at one-year
follow-up without surgery

Initially an improvement in neurological
symptoms was observed but at long-term
follow-up (10years), patients developed
spasticity and decreased their functional
score

Most patients improve spontaneously.
Expectant management seems to be a good
treatment

hyperextension injuries

STASCIS: Surgical Timing in Acute Spinal Cord Injury Study; CCS: central cord syndrome; ASIA: American Spinal Injury Association; AMS: Asia Motor Score.

instability, which is either defined according the White and Panjiabi
criteria or to the more traditional Roy-Camille criteria. The former
authors defined cervical instability as follows:

e translational instability: more than 3.5 mm of slippage of the con-
cerned vertebrae;

e rotational instability: more than an 11-degree rotational differ-
ence to that of either adjacent vertebra [47,48].

According to the Roy-Camille criteria, the diagnosis of cervical
instability relies on the following findings base on cervical standard
and dynamics X-rays: increase of interspinous distance, facet dis-
lodgement, discal segmental kyphosis, and anterolisthesis [49].

5. Electrophysiology and ATCCS

The diagnosis of ATCCS is first of all clinical, and then con-
firmed by neuroimaging. The role of electrophysiological studies,
as evoked potentials (i.e. somatosensory evoked potentials (SSEP),
motor sensory evoked potentials [MEP]) and electromyography, in
ATCCS patients may be useful because of the limiting component of
subjectivity using only the standard American Spinal Injury Asso-
ciation (ASIA) classification. Moreover, as the ASIA score has some
limitations for detecting modest changes in sensorimotor function,
it may be useful to use quantitative measures like SSEP, MEP to
achieve a more sensitive and specific approach to detect a neu-
rological deficit and to evaluate neurological improvement after
treatment [50-52]. The attenuation of MEPs may be different with
the type of spinal cord injury and therefore play a role in diagnosis
[52]. For example, in a central cord syndrome, Curt et al. showed
that axons devoted to the motor control of the hands are more
affected than those devoted to the lower limb [52]. However, some
authors realize that these quantitative measures “need to be further
evaluated in prospective longitudinal studies” [50,53].

As regards electromyography, this procedure may show signs
of denervation in the muscles depending on the anterior horns
involved.

6. Management of ATCCS
6.1. Non-surgical treatment

Non-surgical management of a patient with ATCCS consists of
arigid external cervical orthosis, respiratory protection, and main-
taining a systolic blood pressure > 90 mmHg to maintain adequate
blood supply of the contused spinal cord and limit a secondary
injury cascade [6,30,54]. Such non-surgical treatment is usually
reserved for patients with mild ATCCS and cervical stenosis, and
slight neurological impairment. Schneider et al. reported that func-
tional recovery of these patients is possible; it starts at the lower
extremities, followed by recovery of bladder function and finally
of the upper extremities [4,5,22,24,33,34,54|. However, this effect
is ephemeral for some patients because they develop spastic-
ity and then may decrease their functional score after long-term
follow-up (10years). This phenomenon is called the “chronic cen-
tral cord syndrome” [3]. The outcome of non-surgically treated
ATCCS patients has been analyzed and compared to the outcome in
studies where surgical management was performed (Tables 2-3)
[3-5,12-21,23-26].

To better understand a potentially favorable spontaneous evolu-
tion, some authors have focused on factors predicting the recovery
rate. High level of education, young age at injury, higher initial
ASIA motor score at admission, absence of comorbidities, and
absence of spasticity correlated with a good neurologic recovery
[3-5,13,15,21,24,25,33,55]. Song et al. in 2006 reported that the
presence of spinal column instability in ATCSS patients predisposes
the patient to lower ASIA score at admission [43].

Short-term benefit of conservative treatment may be nullified
by the occurrence of mid-term complications in ATCCS patients,
such as neuropathic pain and spasticity. Both are potentially dis-
abling conditions, and they are difficult to treat. Neuropathic pain
is usually limited to the hands, and it may be treated by spe-
cific drugs as gabapentin and lamotrigine [56,57]. Spasticity may
be prevented by an adapted physical therapy and treated by spe-
cific drugs, such as baclofen, dantrolene, tizanidine and gabapentin
[56,58,59]. However, we found that in some of the pre-cited papers,
the follow-up of patients is too short [13,22,32,60]. The patients’
status could worsen after this period. Moreover, some studies do
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not provide sufficient details about the medical treatment admin-
istered to patients to prevent spasticity [24,25].

6.2. Surgical treatment

Surgical treatment in ATCCS follows the same principles as
for cervical myelopathy. It is indicated for patients with clinically
moderate and severe ATCCS and progressive neurological impair-
ment. The best indications for surgery are 1-2 levels of spondylotic
changes [17].

6.2.1. The choice of surgical approach

The optimal surgical approach is a matter of debate. Often
the choice is made based on the personal experience of the sur-
geon rather than on a specific algorithm. As a general rule, the
ideal surgical approach should target the site of predominant com-
pression of the spinal cord: anterior, posterior, or combined [61].
Several factors may influence this rule. One of them is the extent
of the pathology. Usually, if the compression is restricted to one
or two levels, the anterior approach is preferred; if more than two
levels are involved, the posterior approach may be more advan-
tageous [2,17,62-64]. The sagittal balance of the cervical spine is
also an important issue to consider. In cases of cervical kyphosis,
where the spinal cord may be stretched over the anterior osteo-
phytes, the combined anterior and posterior approach is suitable,
with the anterior approach allowing for decompression and correc-
tion of kyphosis, and the posterior approach for stabilization and
decompression [65]. In cases of posterior compression and loss of
lordosis, posterior stabilization should be added to the decompres-
sive laminectomy. Iflordosis is preserved and anterior compression
is the problem, and in this case an anterior approach is sufficient.
However, in the presence of ossification of the posterior longitudi-
nal ligament an anterior approach is usually contraindicated due to
the presence of thigh adherences between the dura and the ossi-
fied posterior ligament, with a high risk of a central spinal fluid leak
[66,67].

Evidence of cervical disco-ligamentous instability associated to
ATCCS (see criteria above) requires a surgical decompression and
stabilization in an emergency situation. This may be achieved either
by an anterior approach with cages and plates, or by a posterior
approach with lateral mass or pedicle screws and rods.

The fusion rate, the neurological outcome and the complica-
tion rate of both anterior (anterior cervical discectomy and fusion
[ACDF], anterior cervical corpectomy and fusion [ACCF]) and poste-
rior (laminectomy, laminoplasty) procedures have been compared
[|68]: current evidence (class III) suggests no difference in the ante-
rior approaches in terms of neurological outcome. In posterior
approaches, laminoplasty and laminectomy were equivalent in
terms of neurological outcome. However, laminectomy may bet-
ter preserve range of motion, but may also be associated with late
deterioration because of secondary kyphosis [68-70]. Wada et al.
reported that no significant difference in neurologic recovery was
found between anterior and posterior procedures [71]. Anterior
surgery seems to have better clinical outcomes and more com-
plications at the early stage after surgery for multilevel operated
patients compared to posterior approaches [72-74].

6.2.2. Timing of decompression

There is evidence in animal models that the degree of compres-
sion and its duration are two factors that are negatively related
to the neurological improvement [10,27-29]. Nevertheless, sur-
gical decompression in spinal cord injuries has been, for a long
time, perceived as contraindicated as surgical manipulation of the
“fragile” contused spinal cord was suspected to further damage
the cord [4,5,24-26]. Several studies on the other hand reported
a better and more rapid neurological recovery after early surgical

decompression [20,21,23]. Moreover, currently, with improved
surgical and anesthesiological techniques, surgical decompression
in acute medullary lesion has become widely feasible and benefi-
cial in terms of neurological outcome and protection against late
progressive neurological deterioration [10-12,14-19,22,43]. The
limitations or criticism of some of these studies are the inherent
selection bias. The patients were not reviewed in a blinded fash-
ion but retrospectively. For example in the study of Chen et al,,
there was a tendency to treat younger patients by surgery rather
than medically [21,22,60]. In the study of Fehlings et al. in 2012,
there are discrepancies between early and late surgery groups
where patients with a slightly lower mean age were primarily
in the early group [12]. Moreover, as seen in the study of Bose
et al. published in 1984, the groups analyzed were not similar in
some reported studies [6,15,22,60]. Non-operated patients often
present with more spasticity and more late neurological deteriora-
tion [3,16,20].

Early surgical decompression has been recommended in
patients with incomplete spinal cord injuries by many authors
[6,9-12,18] because of reduced length of hospital and intensive
care unit stay and improvement of neurological outcome com-
pared with both delayed and conservative management [6,10-12].
In their systematic review of the literature, Fehlings et al. sug-
gested that an urgent decompression is feasible and recommended
in patients presenting with progressive neurological deteriora-
tion, because decompression may lead to improved outcomes [10].
Papadopoulos et al. as well as Guest et al. also confirmed the
above-mentioned results in their prospective and retrospective
studies of 91 and 50 patients, respectively [17,18]. There is no clear
definition of “early decompression”, but most studies have arbi-
trarily determined a timeline of 24 hours for early surgery, although
some authors have used 72 hours as a time limit. However, most
of the publications cited above do not provide sufficient details
on the groups of patient studied and preventive treatment used
[17,18,22,24,25,60].

Some other remarks on the various publications mentioned are
necessary. First, it should be noted that the etiologies of the lesions
are sometimes poorly defined and even mixed in some publications
[17,24,43,60]. Thus, we believe that a biased interpretation is pos-
sible. In addition, the outcomes used to measure recovery are not
always the same between articles, making it difficult to perform
a good comparative analysis. The timing of the first neurological
examination after injury and from initial examination to follow-up
was not specifically mentioned in most studies [18,20,22,26,43].
Furthermore, a non-homogeneous description of the neurological
status was made between studies. There is an absence of well-
designed and well-executed randomized controlled trials and most
of these studies lack appropriate controls and thus are subject to
selection biases and confounding variables. This may be explained
due to ethical concerns about allocating a deteriorating patient to
delayed decompression. Furthermore, some studies have a large
number of patients lost to follow-up and sometimes the num-
ber of patients with complete data is difficult to obtain, which
adds a biased interpretation. Another point is that the majority
of published studies do not provide outcome indices to generic
health-related quality of life, which could be an important fac-
tor as spasticity is negatively correlated with functional status but
positively with motor function.

7. Conclusions

ATCCS is a potentially disabling condition due to damage of the
central part of the cervical spinal cord. Hematomyelia, edema and
Wallerian degeneration are common pathophysiological findings
in these patients, explaining the variable neurological deficits.
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MRI is the diagnostic imaging of choice, showing typical
intramedullary hypersignal on T2WI. Early orthotic (collar) and
medical management (volume resuscitation and blood pressure
augmentation) are essential to maximize the chances of neu-
rological recovery, by preventing the secondary injury cascade.
Non-surgical treatment may be proposed to patients with mild
ATCCS. Nevertheless, this treatment may predispose to occurrence
of persisting neuropathic pain and spasticity.

Contrary to what historically advocated, early surgical decom-
pression seems indicated especially in patients who exhibit
progressive neurological deficits. Controversy persists in the litera-
ture and no clear consensus can be proposed because of the lack of
prospective controlled studies. However, recent studies of class III
evidence suggest that early surgery for ATCCS is safe and effective,
especially for patients with focal anatomical cord compression.
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