
s
o
u
r
c
e
:
 
h
t
t
p
s
:
/
/
d
o
i
.
o
r
g
/
1
0
.
7
8
9
2
/
b
o
r
i
s
.
1
3
8
5
8
4
 
|
 
d
o
w
n
l
o
a
d
e
d
:
 
2
2
.
5
.
2
0
2
3

AOSpine Knowledge Forum Trauma

Management of Acute Traumatic Central
Cord Syndrome: A Narrative Review

Srikanth N. Divi, MD1 , Gregory D. Schroeder, MD1, John J. Mangan, MD1,
Madeline Tadley, MD1, Wyatt L. Ramey, MD2, Jetan H. Badhiwala, MD3,
Michael G. Fehlings, MD, PhD3 , F. Cumhur Oner, MD, PhD4,
Frank Kandziora, MD, PhD5, Lorin M. Benneker, MD6, Emiliano N. Vialle, MD7,
Shanmuganathan Rajasekaran, PhD8, Jens R. Chapman, MD2,
and Alexander R. Vaccaro, MD, PhD, MBA1

Abstract

Study Design: Narrative review.

Objectives: To provide an updated overview of the management of acute traumatic central cord syndrome (ATCCS).

Methods: A comprehensive narrative review of the literature was done to identify evidence-based treatment strategies for
patients diagnosed with ATCCS.

Results: ATCCS is the most commonly encountered subtype of incomplete spinal cord injury and is characterized by worse
sensory and motor function in the upper extremities compared with the lower extremities. It is most commonly seen in the
setting of trauma such as motor vehicles or falls in elderly patients. The operative management of this injury has been historically
variable as it can be seen in the setting of mechanical instability or preexisting cervical stenosis alone. While each patient should be
evaluated on an individual basis, based on the current literature, the authors’ preferred treatment is to perform early decom-
pression and stabilization in patients that have any instability or significant neurologic deficit. Surgical intervention, in the
appropriate patient, is associated with an earlier improvement in neurologic status, shorter hospital stay, and shorter intensive
care unit stay.

Conclusions: While there is limited evidence regarding management of ATCCS, in the presence of mechanical instability or
ongoing cord compression, surgical management is the treatment of choice. Further research needs to be conducted regarding
treatment strategies and patient outcomes.
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Introduction

Traumatic spinal cord injury (SCI) is a devastating event for

patients and challenges physicians and the health care system.

Individuals affected by SCI have characteristic motor, sensory,

and autonomic physiologic disturbances as well as financial

and psychosocial challenges. In the United States, there are

approximately 17 700 new cases of SCI annually.1 These inju-

ries occur most frequently after traumatic events from motor

vehicle accidents and falls, and males are more commonly

affected than females.1 The magnitude of functional impair-

ment following a SCI is classified based on the preserved neu-

rologic function below the level of injury. Complete SCI is

1 Rothman Institute at Thomas Jefferson University Hospital, Philadelphia,

PA, USA
2 Swedish Neuroscience Institute, Swedish Medical Center, Seattle, WA, USA
3 University of Toronto, Toronto, Ontario, Canada
4 University Medical Center, Utrecht, Netherlands
5 BG Unfallklinik Frankfurt am Main, Frankfurt, Germany
6 Insel Hospital, Bern University Hospital, Bern, Switzerland
7 Cajuru Hospital, Catholic University of Parana, Caritiba, Brazil
8 Ganga Hospital, Coimbatore, India

Corresponding Author:

Srikanth N. Divi, Department of Orthopaedic Surgery, Rothman Institute,

Thomas Jefferson University Hospital, 925 Chestnut St, 5th Floor,

Philadelphia, PA 19107, USA.

Email: srikanth.divi@rothmanortho.com

Global Spine Journal
2019, Vol. 9(1S) 89S-97S

ª The Author(s) 2019
Article reuse guidelines:

sagepub.com/journals-permissions
DOI: 10.1177/2192568219830943

journals.sagepub.com/home/gsj

Creative Commons Non Commercial No Derivs CC BY-NC-ND: This article is distributed under the terms of the Creative Commons Attribution-Non
Commercial-NoDerivs 4.0 License (http://www.creativecommons.org/licenses/by-nc-nd/4.0/) which permits non-commercial use, reproduction and distribution of
the work as published without adaptation or alteration, without further permission provided the original work is attributed as specified on the SAGE and Open
Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

https://orcid.org/0000-0002-5776-2044
https://orcid.org/0000-0002-5776-2044
https://orcid.org/0000-0002-5722-6364
https://orcid.org/0000-0002-5722-6364
mailto:srikanth.divi@rothmanortho.com
https://sagepub.com/journals-permissions
https://doi.org/10.1177/2192568219830943
http://journals.sagepub.com/home/gsj
http://www.creativecommons.org/licenses/by-nc-nd/4.0/
https://us.sagepub.com/en-us/nam/open-access-at-sage
http://crossmark.crossref.org/dialog/?doi=10.1177%2F2192568219830943&domain=pdf&date_stamp=2019-05-08


defined as total loss of motor and sensory neurologic function

below the level of injury, whereas incomplete SCI is character-

ized by partial preservation of some motor and sensory neuro-

logic function below the level of injury.

Central cord syndrome (CCS) is the most commonly

encountered incomplete SCI subtype. Approximately 11 000

patients suffer an incomplete SCI with CCS each year in the

United States.2 CCS is commonly the result of a traumatic

event but may also be the consequence of intramedullary

tumors or syringomyelia. Acute traumatic central cord syn-

drome (ATCCS) is typically the result of a hyperextension

injury and may occur in the setting of a fracture or dislocation

or in the presence of preexisting cervical stenosis. ATCCS

incidence has a bimodal distribution, affecting patients under

the age of 30 years old following high-impact trauma and

elderly patients after low-energy injuries.3 The physical exam

findings of ATCCS are classically characterized as motor and

sensory disturbance that is predominantly in the upper extre-

mities with emphasis on hand dysfunction and sparing of or

milder findings in the lower extremities. Because this injury

may present in the setting of mechanical instability or with

preexisting stenosis alone, treatment has historically been vari-

able among surgeons. Patient-specific characteristics such as

fracture pattern, medical comorbidities, and neurologic status

factor into treatment decisions. The purpose of this narrative

review is to provide an updated, evidence-based overview of

current ATCCS management.

Acute Traumatic Central Cord Syndrome

Identification and differentiation of ATCCS from other types

of cord injuries is important due to its very different outlook

and due to the potential role and timing of surgical care.

ATCCS was first described in 1954 by Schneider et al as a SCI

with “disproportionately more motor impairment of the upper

than of the lower extremities, bladder dysfunction, usually

urinary retention, and varying degrees of sensory loss below

the level of the lesion.”4 Hayes et al more recently described

ATCCS as showing greater weakness in the upper limbs than in

the lower limbs as demonstrated by patients with a cervical

level of injury with a lower average bilateral upper extremity

motor score (C5-T1 segments) compared with the lower extre-

mity motor score (L2-S1 segments).5 Additionally, patients

with ATCCS will have sacral sparing as defined by sensory

score greater than zero for light touch or pin prick in the peri-

anal region.5 Frequently, ATCCS patients have bladder invol-

vement that is commonly manifested as urinary retention.5 This

constellation of early symptoms is unique to CCS and differs

from other forms of incomplete SCI such as Brown-Séquard

syndrome, anterior cord syndrome, posterior cord syndrome, or

cauda equina syndrome.

The mechanism of ATCCS is most commonly associated

with a hyperextension injury of the cervical spine. Classically,

an anterior-posterior compression force injures the spinal cord,

where underlying cervical stenosis and spondylosis predisposes

one to a cord injury. While a bony injury may not occur at this

time, ATCCS is also seen after cervical spine fractures with or

without dislocation as well as the result of acute disc hernia-

tion.4,6,7 Anteriorly, osteophytes as well as calcified or noncal-

cified herniated discs may lead to narrowing of the canal at a

focal area. During the traumatic event, the anterior space occu-

pying lesion can impinge the spinal cord and possibly impact

anterior spinal artery flow, while posteriorly the ligamentum

flavum may infold into the canal resulting in posterior thecal

sac compression.4,7 While the classical reasoning by Schneider

for disproportionate arm versus leg dysfunction relied on the

notion that the affected medial aspect of the lateral corticosp-

inal (CST) tract fibers supply arm function, his work predicated

on that of Foerster, who presumed that the lateral CST, like the

fasciculi cuneatus and gracilis and the lateral spinothalamic

tract, had a somatotopic organization.4,8 Neuroanatomic tracer

and Marchi degeneration studies in monkeys have demon-

strated that corticospinal fibers supplying the upper and lower

limbs are diffusely distributed within the lateral CST of the

posterolateral funiculus of the spinal cord.9,10 There is increas-

ing thought that the pattern of weakness seen in ATCCS has

little to do with focal injury and more to do with relative pre-

servation of extrapyramidal fiber tracts, therefore producing a

clinical syndrome consisting of disproportionate arm and hand

weakness.11 Furthermore, in an magnetic resonance imaging

and pathological analysis, Quencer et al found ATCCS to be

characterized by diffuse white matter injury of the lateral col-

umns, with sparing of the central gray matter.12 These findings

bring into question the original pathoanatomic basis for this

injury and even the term “central cord syndrome.”

ATCCS exhibits unique characteristics from other forms of

SCI including its potential for spontaneous recovery and lack of

certainty regarding presence of instability or exact mechanism

of injury, further complicating treatment algorithms. The

remainder of the article will synthesize the recent literature in

an attempt to explain an evidence-based treatment algorithm.

Initial Management

While the aim of this article is to discuss the overall manage-

ment of CCS with or without mechanical instability, it is

critical to remember that, above all, CCS is an incomplete

spinal cord injury; therefore, while a detailed description on

the ideal medical management of a spinal cord injury is

beyond the scope of this article, it is critical to have a basic

understanding of the medical management of SCI when treat-

ing a patient with ATCCS.

Initial management of patients with SCI begins in the field,

with appropriate triage by emergency responders. Resuscita-

tion according to the acute traumatic life support protocols

should be followed and rigid immobilization of the spinal col-

umn is paramount to prevent further cord damage.13 Immobi-

lization is typically accomplished with the use of a backboard,

rigid cervical collar, or manual stabilization such as a logroll

technique or inline cervical stabilization for transfers.14 The

goals of medical management of SCI are prevention of second-

ary injury and neuroprotection. The initial neurological insult

90S Global Spine Journal 9(1S)



from compression, laceration, distraction, or swelling causes

damage to the microvasculature of the cord and results in

hemorrhage, vasogenic edema, and worsening ischemia.15-17

An inflammatory cascade is initiated, leading to expansion of

the zone of injury.17-19 Hemodynamic management and abat-

ing the inflammatory response are the mainstays of medical

management.

The purpose of hemodynamic management after acute SCI

is to optimize perfusion of the penumbra adjacent to the injury

site and mitigate the effects of impaired spinal cord autore-

gulation.20 However, the efficacy of blood pressure augmen-

tation is not clear. Classic studies by Levi et al in 1993 and

Vale et al in 1997 purported improved outcomes when the

mean arterial pressures (MAP) was kept above 85 or 90 mm

Hg for 5 to 7 days. In spite of these studies, the contemporary

clinical evidence is less clear.21-23 Hawryluk et al reported on

100 patients with acute SCI and found that patients with

higher average MAP values had improved recovery in the first

2 to 3 days after their injury.24 In contrast, Martin et al found

in their study of 105 patients with cervical and thoracic SCI

that episodes of hypotension and vasopressor requirements

did not correlate with changes in American Spinal Injury

Association (ASIA) motor score in the acute setting, regard-

less of MAP goals.20 Despite some contradictory evidence,

the current recommendation of the American Association of

Neurosurgeons and Congress of Neurosurgeons is to avoid

hypotension, with the target of MAP between 85 and

90 mmHg for 7 days postinjury.25 Furthermore, there is cur-

rently a Phase III non-inferiority prospective, randomized

trial underway to compare maintenance of normotension ver-

sus induced hypertension that will hopefully elucidate the role

of MAP goals in the acute management of SCI.26

Methylprednisolone is one of the most extensively studied

pharmacological agents employed to interrupt the inflamma-

tory cascade that causes secondary injury in SCI.17,27 Gluco-

corticoids inhibit cell membrane breakdown and lipid

peroxidation and hydrolysis. Maintaining cell membrane integ-

rity prevents the release of vasoreactive by-products of arachi-

donic acid metabolism, thereby improving blood flow to the

site of the SCI.18,28-30 The landmark National Spinal Cord

Injury Study (NASCIS) trials, published between 1990 and

1998, investigated the clinical efficacy of high-dose methyl-

prednisolone in acute SCI.18,29,30 However, the validity of the

NASCIS trials has been heavily criticized for its post hoc time

course, with many deeming the 8-hour timeframe as arbitrary

and without physiologic basis.27,28 Administration of methyl-

prednisolone also carries the risk of significant adverse effects,

including infections, gastrointestinal ulcers, prolonged inten-

sive care stay, and overall mortality.31-35 In 2013, the Congress

of Neurosurgery issued a Level 1 recommendation against the

use of methylprednisolone for acute SCI, citing the lack of

Class I or Class II medical evidence to support a clinical benefit

and inconsistent Class III evidence likely related to random

chance.27 In 2016, AOSpine suggested administration of

24-hour infusion of methylprednisolone to patients within, but

not after, 8 hours of injury, and recommended against 48-hour

infusion of methylprednisolone.28

Currently, there is still variation in the medical management

of SCI and the roles of both methylprednisolone and MAP

goals are controversial. Additional research is underway to

investigate the role of neuroprotective agents such as riluzole,

granulocyte-colony stimulating factor, glibenclamide, minocy-

cline, Cethrin (VX-210), anti-Nogo-A antibody, as well as

alternative therapies such as therapeutic hypothermia and

hyperbaric oxygen treatment.36,37 Of importance is the consid-

eration of disproportionate representation of ATCCS patients

in comparison cohorts of SCI studies, as patient with central

cord syndromes can be expected to have a better recovery

potential than all other incomplete cord injuries. They are also

prognostically different than patients with an established com-

plete cord injury. This important aspect has not been addressed

proactively in many of the SCI studies reviewed above.

Conservative Management

The management of ATCCS has remained controversial with a

multitude of studies evaluating surgical versus conservative

treatment strategies (Table 1). One of the critical issues deter-

mining the ideal treatment is that there is significant heteroge-

neity in the diagnosis, and this can make evaluation of the

literature challenging. While many of the following studies

report acceptable treatment with conservative care, it is para-

mount to understand that conservative care should only be

considered in patients without associated instability. From a

historical perspective and under consideration of significant

surgical limitations of its time, Schneider et al reported that

surgical intervention in patients with ATCCS is actually con-

traindicated due to substantial neurologic improvement with

conservative treatment.3,6 In 1977, Shrosbree presented a case

series of 99 patients with ATCCS that were treated conserva-

tively with traction or immobilization.38 In their analysis, 39

patients had isolated hyperextension injuries while 60 patients

had compression injuries or associated cervical fracture/dislo-

cations. They found that patients who present with a more

severe initial neurologic deficit are less likely to improve as

much as those with a lesser deficit.38 Ishida and Tominaga

reported the results of a prospective multicenter case series

of 22 patients treated conservatively for ATCCS without cer-

vical fracture(s).39 Nearly all patients had significant improve-

ment in neurologic function by 6 weeks after their initial

injury.39 From this largely historic context we do know that

ATCCS has an inherent recovery potential even without

surgery.

Nonsurgical Versus Surgical Intervention

Brodkey et al retrospectively evaluated 7 patients who under-

went surgical intervention for ATCCS after neurologic recov-

ery had plateaued and a persistent compressive lesion was

identified on myelogram.40 All patients in their cohort experi-

enced improved neurologic recovery secondary to removing
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the source of ongoing compression.40 Song et al in a retro-

spective case series reported the outcomes of 22 patients who

underwent surgical management of ATCCS without fracture

dislocation.41 All patients had a surgically amenable lesion

causing ongoing spinal cord compression. Patients that failed

conservative management were excluded. However, surgical

timing was determined by the initial rate of neurologic recov-

ery and surgery was only felt to be indicated once neurologic

improvement had plateaued.41 All patients in this cohort

experienced neurologic improvement after surgery. Uribe

et al reported the results of a retrospective case series of

patients treated for ATCCS without fracture or dislocation

treated with expansile laminoplasty.42 At the 3-month

follow-up, 71% of patients had improved one AIS (ASIA

Impairment Scale) grade.42

Bose et al compared patients with ATCCS treated with con-

servative versus surgical management.43 Patients in the nono-

perative cohort did not have evidence of spinal instability.

Patients who underwent operative intervention demonstrated

structural spinal instability or had plateaued neurologically.

They identified that patients undergoing surgical intervention

did not develop a neurologic decline postoperatively and had

greater functional recovery at discharge compared to the con-

servative cohort.43 The author concluded that surgical interven-

tion was a safe and effective treatment in ATCCS. In 1997, a

retrospective cohort study by Chen et al compared conservative

versus surgical management for patients with ATCCS.44 They

compared nonhomogenous cohorts in which patients with

ATCCS (n ¼ 86) without fracture and/or dislocation were

treated nonoperatively and patients with fracture and/or dislo-

cation as well as those with ongoing cord compression were

treated surgically.44 In the conservatively managed cohort, 11

patients had signs of ongoing spinal cord compression. Surgical

intervention resulted in greater neurologic recovery in the

patients with ongoing spinal cord compression compared with

those treated conservatively.44 In 1998, Chen et al reported the

results of 37 patients with cervical spondylosis treated for

ATCCS.45 Patients who failed to improve by one motor grade

after the initial injury were treated surgically. Sixteen patients

underwent surgical intervention on average 9.3 days after the

injury. The authors concluded that patients undergoing surgical

intervention had a quicker motor recovery and decreased length

of stay compared with patients treated conservatively. At 2

years, there was no significant clinical difference identified

between the cohorts.45 In a retrospective cohort study, Pollard

and Apple evaluated the results of patients with incomplete

SCI, including patients with ATCCS with cervical spondylosis

without cervical fracture or dislocation, which were treated

nonoperatively versus surgically.46 Both groups demonstrated

neurologic improvement and there was no statistical difference

Table 1. Surgery Versus Conservative Treatment.

Authors Year Study Type n Instability Favors Findings

Schneider et al4 1954 Case series 9 Mixed Conservative Surgical treatment is contraindicated since spontaneous recovery
may occur, decompressive laminectomy is not needed, and
myelotomy may further injure the cord.

Schneider et al7 1958 Case series 12 Mixed Conservative Surgical treatment may worsen neurologic deficit and
decompression is not needed given that there is not a single point
of compression in this injury mechanism.

Shrosbree38 1977 Case series 99 Mixed Conservative All patients were treated nonoperatively. Neurologic recovery was
directly related to severity initial neurologic injury.

Brodkey et al40 1980 Case series 7 Surgery Surgery during subacute period (7-10 days) for patients where
neurologic status plateaued and persistent compression
identified. All patients improved postsurgery.

Bose et al43 1984 Retrospective
cohort—
Comparative

28 Mixed Surgery 14 patients were treated operatively and demonstrated greater
functional recovery at discharge.

Chen et al44 1997 Retrospective
cohort—
Comparative

114 Mixed Surgery Surgical intervention resulted in greater neurologic recovery.

Chen et al45 1998 Prospective
cohort

37 None Surgery 16 patients had surgical intervention and had quicker motor
recovery and decreased length of stay.

Ishida and
Tominaga39

2002 Prospective
cohort

22 None Conservative No patients required surgery. All patients resulted in full neurologic
recovery within 6 months of injury.

Pollard and
Apple46

2003 Retrospective
cohort

412 Mixed Conservative No benefit for surgery in patients without instability. Age <18 years
had improved outcomes.

Song et al41 2005 Retrospective
cohort

22 None Surgery Patients with ATCCS without fracture or dislocation that
underwent surgery. All patients had neurologic improvement
after surgery.

Uribe et al42 2005 Retrospective
cohort

29 None Surgery 71% of patients with ATCCS improved one AIS grade at 3-month
follow-up.

Abbreviations: ATCCS, acute traumatic central cord syndrome; ASIA, American Spinal Injury Association; AIS, ASIA Impairment Scale.
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in patient outcomes identified between the 2 management stra-

tegies.46 Younger age (less than 18 years) correlated with

improved neurologic outcomes in patients from both cohorts.46

Both conservative and surgical interventions for ATCCS

without fracture and/or dislocation have been demonstrated

to result in improved neurologic status.3,6,38-42 Patients treated

with surgery were identified to have a shorter length of hospital

stay as well as a hastened initial neurologic recovery period

compared with patients treated conservatively.45 However,

long-term follow-up has failed to demonstrate any significant

neurologic differences in patients undergoing conservative ver-

sus surgical treatment for ATCCS.47 For patients with ATCCS

and ongoing spinal cord compression, Chen et al demonstrated

improved neurologic recovery with surgical decompression as

well as decreased length of stay and a decreased risk of devel-

oping chronic myelopathy.44,45 Germane to all of these studies

is a trend toward neurologic improvement without surgery over

some period of time following ATCCS; however, they do so

without providing clarity on the timing for an intervention.

Early Versus Delayed Surgical Intervention

Early surgical intervention, within 24 hours of injury, for SCI

in the setting of spinal instability, fracture, and dislocation has

become generally well established in the literature.48 La Rosa

et al performed a systematic review evaluating the time to

surgical decompression after SCI.49 They identified that

patients with acute SCI who underwent early surgical interven-

tion had superior outcomes compared with patients undergoing

delayed surgical intervention as well as those treated conserva-

tively.49 The Surgical Timing in Acute Spinal Cord Injury

Study evaluated early surgical intervention in patients with

acute SCI versus delayed surgical intervention.50 Early surgical

intervention was defined as within 24 hours of injury and

delayed surgery was greater than 24 hours after injury. Patients

that underwent early surgical intervention had greater improve-

ment in the ASIA motor scores compared with the delayed

cohort.50 However, these studies incorporate all forms of

incomplete SCI, and in the setting of ATCCS with its potential

for recovery with nonsurgical care, timing of surgery has been

less clearly defined.

Several studies evaluating timing of surgery in patients with

ATCCS have found no difference in overall outcomes between

early and late surgical interventions (Table 2). Chen et al eval-

uated 2 cohorts based on timing of surgery.51 The first cohort

received surgery less than 4 days from injury, and the second

cohort underwent a procedure greater than 4 days from

injury.51 Patients with ATCCS from a hyperextension injury,

fracture, and/or dislocation as well as instability and acute disc

herniation were included. All patients had improvement in

neurologic function at 6 months follow-up after injury. No

statistical differences were identified between the cohorts.51

Stevens et al also compared patients with ATCCS based on the

timing of surgery. The first subgroup had surgery within 24

hours of injury, the second subgroup had surgery greater than

24 hours from the injury, and the third subgroup had surgery

during a second admission. No statistical difference was iden-

tified between the early and late surgical subgroups.52 In

another retrospective study, Aarabi et al evaluated patients with

ATCCS into 3 groups based on time to surgical intervention:

surgery less than 24 hours, 24 to 48 hours, greater than 48 hours

from injury.53 Again, no difference in neurologic outcome was

seen between the cohorts.53 Similarly, Kepler et al evaluated

patients undergoing surgical intervention for ATCCS and dif-

ferentiated patients into a group treated less than or after 24

hours from the time of injury.54 These authors again identified

no short-term change in neurologic status at 7 days for each

cohort; furthermore, there was no change in length of stay or

length of time in the intensive care unit.54 The patient popula-

tion in all of these studies were heterogeneous and involved a

only subset of patients with fractures or dislocations. Since

there were no subgroup analyses, it is difficult to draw conclu-

sions from these retrospective studies in the setting of mechan-

ical instability.

Contrary to the findings above, several studies evaluating

the effect of timing of surgery have demonstrated improved

outcomes with early intervention. Guest et al evaluated 50

patients with ATCCS and divided the cohort into patients by

mechanism of injury.55 The first cohort included patients with

fracture and/or dislocation, or acute disc herniation, and the

second cohort included patients with preexisting cervical spinal

stenosis and hyperextension injuries. Each cohort was subdi-

vided by time of surgical intervention, less than 24 hours from

injury or greater than 24 hours from injury. They determined

that patients with ATCCS secondary to fracture and/or disloca-

tion or acute disc herniation had improved neurologic recovery

with early intervention compared with patients undergoing late

intervention.55 Timing of surgery in the cohort whose injury

was secondary to hyperextension injury was not demonstrated

to have effect on motor recovery.55 All patients who under-

went early surgical intervention had shorter length of stay as

well as shorter intensive care unit stays.55 The authors deter-

mined that early surgical intervention is safe, may improve

outcomes in the proper injury setting, and could be more cost-

effective than delayed surgical intervention. Similarly, a

single-center prospective study assessing neurological recov-

ery in 48 patients with mechanical instability undergoing sur-

gery within 8 hours or between 8 and 24 hours after injury

found significantly better motor recovery for the within

8-hour group.56 Lenehan et al, in a systematic review of the

literature, evaluated surgical decompression within 24 hours

versus delayed decompression occurring after 24 hours from

injury in patients with ATCCS without fracture or disloca-

tion.57 They identified that patients undergoing early decom-

pression had a greater likelihood of improving in ASIA motor

score compared with the delayed surgical patients at both the

6-month and 12-month follow-up.57

In the overall largest study of its kind, Samuel et al per-

formed a retrospective cohort study evaluating 1060 patients

with ATCCS who underwent surgical intervention and found

differing results.58 They divided the cohort into 2 subgroups,

those who underwent surgery within 24 hours from injury and
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those who had surgery greater than 24 hours from injury. The

delayed operative group had a mean duration of 3.5 days until

surgery, and after controlling for preexisting comorbidity and

injury severity, they found that this group had a lower inpatient

mortality rate. However, this study did not specify the presence

of cervical fractures or dislocations and instead based severity

on the injury severity score.58

Prognostic Factors in Patients With ATCCS

Several studies have sought to identify initial postinjury factors

and findings that are predictors for recovery of ATCCS. Initial

severity of neurologic exam, age, presence of fracture or dis-

location, presence of hematoma, and ongoing spinal cord com-

pression are significant prognostic factors of poor patient

outcomes.3,42-45 Additionally, elderly patients with significant

comorbidities have been shown to have a worse prognosis, a

lower rate of operative intervention, and a higher inpatient

mortality rate.58 Schroeder et al identified that patients with

ATCCS associated with fracture have a worse initial neurolo-

gic status but better neurologic recovery in the first week after

injury compared with those without fracture.59 In a separate

study, Schroeder et al found that patients with increased T2

signal intensity in their spinal cord on magnetic resonance

imaging had a more severe initial neurological injury but had

minimal early deterioration compared with those with less cord

signal intensity.60

Other Considerations in the Management
of ATCCS

In addition to the treatment strategies and timing of surgical

intervention, there remain many controversial management

topics for patients with ATCCS. Anti-coagulation therapy is

one such area of controversy. Fehlings et al recommended the

routine use of anticoagulant therapy after SCI beginning at

72 hours after injury to the high propensity of any cord injury

patient to develop venous thromboembolism.28 More

Table 2. Early Versus Delayed Surgery for ATCCS.

Authors Year Study Type n Instability Favors Study Findings

Guest et al55 2002 Retrospective
cohort

50 Mixed Early Patients with CCS secondary to fracture or disc herniation had improved
neurologic recovery with early intervention (<24 hours). Authors
concluded that early intervention is safe and more cost-effective than
delayed intervention.

Pollard and
Apple46

2003 Retrospective
cohort

412 Mixed Neither No benefit to early surgical intervention (<24 hours).

La Rosa et al49 2004 Meta-analysis Early Early surgical intervention had superior outcomes compared with patients
with delayed intervention.

Chen et al51 2009 Retrospective
cohort study

49 Mixed Neither No significant differences in ASIA motor scores between patients who
underwent surgery before 4 days or after 4 days from injury.

Stevens et al52 2010 Retrospective
cohort study

126 Mixed Neither No significant difference between 3 groups: <24 hours to surgery, >24
hours but within initial admission, and delayed surgery on subsequent
hospital admission.

Lenehan et al57 2010 Systematic
review

Early Patients with early surgical intervention (<24 hours) had significantly
improved 12-month motor recovery compared to late intervention
(OR ¼ 2.81). It is reasonable and safe to consider early intervention for
patients with profound neurologic deficit (ASIA C) and persistent
compression.

Aarabi et al53 2011 Retrospective
cohort

42 Mixed Neither No difference between patients that underwent surgery before 24 hours,
24 to 48 hours, or after 48 hours.

Fehlings et al50 2012 Multicenter
prospective
cohort

313 Mixed Early STASCIS trial—greater proportion of patients undergoing early surgery
(<24 hours) had �2 grade improvement with ASIA motor scores.

Kepler et al54 2015 Retrospective
cohort

68 Mixed Neither No significant difference in ASIA motor score or ICU stay at 7 days
between patients that underwent surgery early (<24 hours) versus
delayed (>24 hours).

Samuel et al58 2015 Retrospective
cohort

1060 Mixed Delayed Delayed surgery associated with decreased odds of mortality (OR¼ 0.81)

Jug et al56 2015 Prospective
cohort

48 Unstable Early Patients with early surgical intervention (<8 hours) had better motor
recovery at 6 months than patients that had surgery between 8 and
24 hours.

Fehlings et al48 2017 Systematic
review

Early Early intervention (<24 hours) should be considered as a treatment option
in patients with traumatic central cord syndrome (quality of evidence:
low).

Abbreviations: ATCCS, acute traumatic central cord syndrome; CCS, central cord syndrome; ASIA, American Spinal Injury Association; OR, odds ratio;
ICU, intensive care unit.
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specifically, they recommended the use of low-molecular-

weight heparin or fixed-dose unfractionated heparin. However,

the authors rated the level of evidence supporting these recom-

mendations to be limited.

Medical management of patients with SCI remains an area

of active biomedical and pharmaceutical research. Ongoing

studies are evaluating the effectiveness of GM1 Ganglioside,

riluzole, and minocycline as medications to limit secondary

injury after SCI and promote neurologic recovery. Neuro-

regenerative agents are also being investigated such as those

that target the blockade of the Rho/ROCK pathway allowing

for neuronal regeneration.

Conclusion and Recommendation

The level of evidence for the management of ATCCS is lim-

ited, and an evidence-based argument can be made for multiple

treatments for patients with ATCCS. However, in patients with

mechanical instability, the role of surgery is critical to both

address the ATCCS as well as the instability. Furthermore, it

is the authors’ preferred treatment to perform an early decom-

pression in patients with continued spinal cord compression.

The timing of the decompression is less clear, as several studies

have attempted to address the need for early versus delayed

intervention with mixed results. Based on the current literature,

it is the authors’ preferred treatment to perform early decom-

pression and stabilization in patients that have any instability or

that have a significant neurologic deficit. Surgical intervention,

in the appropriate patient, is associated with an earlier improve-

ment in neurologic status, shorter hospital stay, and shorter

intensive care unit stay. Each patient with ATCCS should be

evaluated on an individual basis and a risk-benefit analysis

should be conducted to identify the proper management strat-

egy. Further research is needed to identify other potential stra-

tegies for improving patient outcomes after ATCCS.
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