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Abstract

The therapeutic significance of timing of decompression in acute traumatic central cord syndrome (ATCCS) caused by

spinal stenosis remains unsettled. We retrospectively examined a homogenous cohort of patients with ATCCS and

magnetic resonance imaging (MRI) evidence of post-treatment spinal cord decompression to determine whether timing

of decompression played a significant role in American Spinal Injury Association (ASIA) motor score (AMS) 6 months

following trauma. We used the t test, analysis of variance, Pearson correlation coefficient, and multiple regression for

statistical analysis. During a 19-year period, 101 patients with ATCCS, admission ASIA Impairment Scale (AIS)

grades C and D, and an admission AMS of £95 were surgically decompressed. Twenty-four of 101 patients had an AIS

grade C injury. Eighty-two patients were males, the mean age of patients was 57.9 years, and 69 patients had had a fall.

AMS at admission was 68.3 (standard deviation [SD] 23.4); upper extremities (UE) 28.6 (SD 14.7), and lower

extremities (LE) 41.0 (SD 12.7). AMS at the latest follow-up was 93.1 (SD 12.8), UE 45.4 (SD 7.6), and LE 47.9

(SD 6.6). Mean number of stenotic segments was 2.8, mean canal compromise was 38.6% (SD 8.7%), and mean

intramedullary lesion length (IMLL) was 23 mm (SD 11). Thirty-six of 101 patients had decompression within 24 h, 38

patients had decompression between 25 and 72 h, and 27 patients had decompression >72 h after injury. Demographics,

etiology, AMS, AIS grade, morphometry, lesion length, surgical technique, steroid protocol, and follow-up AMS were

not statistically different between groups treated at different times. We analyzed the effect size of timing of decom-

pression categorically and in a continuous fashion. There was no significant effect of the timing of decompression on

follow-up AMS. Only AMS at admission determined AMS at follow-up (coefficient = 0.31; 95% confidence interval

[CI]:0.21; p = 0.001). We conclude that timing of decompression in ATCCS caused by spinal stenosis has little bearing

on ultimate AMS at follow-up.
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Introduction

In 1951, Schneider first described the clinical syndrome of

acute traumatic central cord syndrome (ATCCS) caused by

spinal stenosis.1 At the time, investigators advocated against sur-

gical decompression, favoring instead a natural recovery of func-

tion and avoidance of surgical complications.2–4 Over the ensuing

two decades, non-surgical management dominated as being the

standard of care for these patients, but subsequently, surgeons in-

creasingly adopted surgical decompression.5 Over time, surgery

gradually emerged as the standard of care. Numerous investigations

of ATCCS that focused on its epidemiology, pathophysiology,

imaging characteristics, and optimal operative strategies have ad-

vanced understanding of this condition.6–12 Nevertheless, questions

remain regarding best management, especially regarding surgical

timing, operative technique, and extent of spinal cord decompres-

sion.12–17 At present, one of the most pressing questions is the

timing of surgical intervention for ATCCS.6 8,10,11

Longitudinal epidemiological studies from around the world in-

cluding the National Spinal Cord Injury Model Systems, Spinal Cord

Injury Ontario, the University of Maryland, and Spain indicate that

over the last several decades traumatic spinal cord injury (SCI)

patients as a whole tend to be older and have less severe injuries

and are more likely to have sustained a ground-level fall.16,18–24 At

the same time, there has been a decline in the incidence of fracture-

dislocations and catastrophic injuries, especially in younger pa-

tients.16 At present, nearly one half of patients with ATCCS have

spinal stenosis-discosteophyte complex.25

Modern imaging, neuroanatomical, and biophysiological re-

search indicate that the pathogenetic mechanisms of ATCCS

differ from what Schneider and colleagues initially hypothesized

based on the then-known anatomy of the spinal cord.1,3,4 Studies

in non-human primates by Bucy and colleagues,26,27 and Pappas

and colleagues28,29 have shown that the topographic differentia-

tion of the corticospinal tracts becomes less discrete within and

distal to the medullary pyramids, suggesting that the fibers pri-

marily involved with the C8 and T1 motor neuron pool are not

in fact medial to the lower extremity fibers. Correlative studies

of magnetic resonance imaging (MRI) and post-mortem exami-

nations generally have not shown the presence of central cord

bleeding, indicating that axonal disruption and swelling within the

posterolateral funiculi is the primary pathological hallmark of

ATCCS and the foundation of its intramedullary lesion and its

length.14,15,17,30,31 Reports from Levi and colleagues32 have con-

firmed that in human and non-human primates the corticospinal

tracts are not discretely separated in layers with respect to one an-

other, and that the majority of the corticospinal fibers traversing the

cervical spinal cord are devoted to hand motor function rather than

bipedal locomotion. As a result of these findings, it has been con-

cluded that ATCCS-type injuries will primarily affect upper more

than lower extremity function, regardless of the segmental level of

traumatic involvement.17,33

Numerous pre-clinical studies, although heterogeneous in

methodology, have supported the role of surgical decompression

as a means of neuroprotection following traumatic spinal cord

injuries.34–43 In American Spinal Injury Association Impairment

Scale (AIS) grades A and B patients, spinal cord decompression

not only reduces pulmonary complications and the length of

in-hospital stay,44 but also enhances long-term neurological re-

covery.45–48 Recent evidence indicates that demonstrably com-

plete spinal cord decompression may promote long-term upward

AIS grade conversion.49 Similarly, some centers recommend

intraspinal pressure monitoring and expansile duraplasty to en-

hance spinal cord perfusion pressure and to ensure complete

spinal cord decompression.50–54

In recent years, there has been increasing interest in surgical

decompression of ATCCS,5 but the therapeutic effectiveness of the

timing, extent, and operative technique of decompression in

ATCCS have not been extensively studied. Available retrospective

studies are heterogeneous, consisting primarily of small case series

with unadjusted independent variables.8,11,17,55–60 Here, based on

our experience with 101 patients with ATCCS, we tested the hy-

pothesis that, among those who undergo decompressive surgery

and who have post-operative MRI confirmation of de facto spinal

cord decompression, the timing of operative intervention does not

affect the long-term neurological outcome.

Methods

A homogenous cohort of patients with ATCCS caused by spinal
stenosis was admitted to the R Adams Cowley Shock Trauma
Center over a 19-year period and was selected to define the effect of
timing of decompression (Specific Aim # 1) on long-term neuro-
logical outcome. The study was approved by the Human Research
Protection Office (HRPO) of the University of Maryland School of
Medicine (IRB HP-00078395).

Design

This study was designed as a retrospective cohort study.

Primary outcome measure

The primary outcome measure was the ASIA motor score at least
6 months following traumatic cervical SCI (tCSCI).

Secondary outcome measure

There was no secondary outcome measure.

Cohort

From 2000 to 2018, 2372 tCSCI patients were admitted to The R
Adams Cowley Shock Trauma Center, of whom 2061 patients had
sustained fracture dislocations and were excluded from the study.
From the cohort, 311 patients had the clinical picture of ATCCS
and were without mechanical instability on imaging studies
(computed tomography [CT] and MRI).

Inclusion criteria were

1. Blunt tCSCI

2. Presented as ATCCS

3. ASIA motor score (AMS) £95

4. AIS grades C and D

5. No mechanical instability on CT scan

6. Presence of high intensity signal change on T2 weighted

image (WI) or short T1 inversion recovery (STIR) images

indicating evidence of tCSCI

7. Presence of spinal stenosis/disc osteophyte complex

8. No evidence of discoligamentous injury on MRI except for

minor extension distraction

9. Underwent surgery for spinal cord decompression

10. Post-operative MRI indicated presence of cerebrospinal

fluid (CSF) interface between spinal cord and dura indi-

cating complete decompression

11. Followed for at least 6 months after acute care discharge, in

order to determine long-term AMS
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Exclusion criteria were

1. AMS 96–100 (16 patients)

2. Inadequate follow-up: no follow-up (46 patients); follow-ups

<6 months (103 patients)

3. Inadequate decompression on postoperative MRI (24 patients)

4. No postoperative MRI (12 patients)

5. Death during their acute care in the hospital (6 patients)

6. No medical records (3 patients)

Sample size

This investigation was a retrospective cohort study and all the
eligible 101 patients were included in the investigation.

Primary and secondary survey, resuscitation,
and clinical examination

Patients were transferred to The R Adams Cowley Shock
Trauma Center by emergency medical technicians (EMTs)61 su-
pine on a rigid backboard with the head and neck secured by a hard
collar and chin strap. Primary and secondary examinations were
performed by trauma surgeons upon arrival. Once the patients were
deemed medically stable following initial resuscitation, members
of the neurosurgical team (senior resident or nurse practitioners)
conducted a complete neurological assessment and then presented
the case to the attending neurosurgeon. Admission AMS and AIS
grades were determined according to the International Standards
for Neurological Classification of Spinal Cord Injury (ISNCSCI).62

CT and MRI

Preoperative multiplanar cervical spine CT was performed within
2–3 h of trauma,63 and multi-sequence multiplanar T2-weighted and
STIR sequences were acquired within 5–7 h following trauma.17,64

We defined the morphometric measures of spinal stenosis including
the number of stenotic skeletal segments, the segmental level of
maximum spinal cord compression, and the maximum canal com-
promise (MCC). Intramedullary lesion length was measured on
sagittal T2 and/or STIR MRI. Sagittal and axial T2 and STIR MRI
sequences were also used to determine the extent of spinal cord
decompression following surgery.65 Post-operative MRI studies were
performed within a median of 53 h (mean 75 h) from injury. De-
compression was defined as the presence of a CSF interface between
the spinal cord and dura (either ventral, dorsal, or both) continuously
from the foramen magnum to the first thoracic vertebra. Two spine
fellowship-trained neurosurgeons (C.A.S. and K.M.C.) and two
neurosurgeons (G.T.S. and B.A.) validated the extent of spinal cord
decompression following surgery. Discrepancies were adjudicated by
a consensus conference of the four neurosurgeons.64, 66 An attending
trauma neuroradiologist (K.S.) and the principal investigator (PI)
independently measured the intramedullary lesion length (IMLL),
and the mean value was taken for statistical analysis.64

Methylprednisolone protocol and blood
pressure augmentation

From 2000 to 2009, 37 of the study patients were administered
methylprednisolone following SCI; 30 mg/kg within the first hour
and 5.4 mg/kg/h for the next 23 h. From 2010 on, the use of steroids
for SCI was discontinued (64 patients). Patients’ mean arterial
blood pressure (MAP) was maintained between 85 to 90 mm Hg for
7 days following trauma when medically feasible.67,68

Surgical technique and timing of decompression

Twelve neurosurgeons including five spine fellowship-trained
neurosurgeons performed the surgeries. Surgeries included anterior

cervical discectomy and fusion (ACDF), anterior cervical cor-
pectomy and fusion (ACCF), ACDF plus laminectomy and poste-
rior spinal fusion (PSF), and laminectomy with PSF or laminoplasty.
Post-operative CT and MRI were performed to confirm ade-
quate hardware placement and to verify spinal cord decompres-
sion, respectively.

Intensive care unit (ICU) care and long-term follow-up

In the ICU, enoxaparin (Lovenox�, Sanofi, USA) was admin-
istered 30 mg twice daily starting within 24–48 h of trauma for deep
vein thrombosis (DVT) prophylaxis, with screening for DVT by
duplex ultrasound when clinically indicated. Early tracheostomy
for ventilator support and percutaneous gastroenterostomy for nu-
trition were also routinely performed when indicated, as deter-
mined by the ICU and trauma team. During the entire in-hospital
stay, ISNCSCI examinations, including digital rectal examination,
were performed each day to track changes in AMS and AIS grade.
After discharge, patients returned to the clinic at 6 weeks, 3 months,
6 months, and 12 months (or longer) for follow-up ISNCSCI ex-
aminations, which were performed by the staff of the Department
of Neurosurgery as well as by certified neurologists and rehabili-
tation specialists in other facilities. Median follow-up was 12
months, and the interquartile range (IQR) was 9.5 months.

Statistical analysis

Descriptive statistics were used to characterize the patient pop-
ulation. We used a t test or analysis of variance (ANOVA) to assess
the association between the outcome variable; that is, the final
AMS, and the categorical explanatory variables. We also used a
Pearson correlation coefficient to examine the association between
the outcome variable and other continuous variables. Then, all
variables that were significantly associated with the outcome var-
iable in the univariate analysis were included in a multiple re-
gression analysis to predict the outcome variable while adjusting
for time-to-surgery (as £24 h, 25–72 h, and >72 h) and IMLL in
the model. Statistical significance was set at a 0.05 level. The sta-
tistical program of Stata/SE version 16.1 (Stata Corporation, Col-
lege Station, TX) was used for all analyses.

Results

Baseline characteristics

Descriptive data for the cohort of 101 patients who presented

with ATCCS caused by spinal stenosis, including patient demo-

graphics, injury mechanism, clinical characteristics, neuroimaging

biomarkers (CT and MRI), steroid protocol, and surgical technique,

are presented in Table 1, stratified by the time elapsed between

trauma and surgical decompression: early (£ 24 h), late (25–72 h),

and delayed (> 72 h).

Mechanism of injury

Nearly 70% of the ATCCS patients sustained ground level falls

(Table 1), a finding that is consistent with previously reported

systematic reviews and cohort studies.12,69–71

Glasgow Coma Scale (GCS) score, AMS,
and AIS grade

GCS score at the time of admission in all patients was 14–15. The

ISNCSCI AMS and AIS grades at admission were not statistically

different between groups (Table 1).72 There was a trend ( p = 0.08)

toward later surgery in patients presenting with higher AMS.
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CT and MRI morphology and morphometry

Morphological assessment of the cervical spine by multiplanar

CT and multiplanar, multi-sequence MRI63,73,74 demonstrated no

structurally destabilizing fractures, dislocations, or discoligamentous

injuries. Minor distraction injuries to the anterior longitudinal liga-

ment 17,75 were noted in a minority of patients. The length of the

stenotic segments, the point of maximum spinal cord compression,

and the MCC were not statistically different among the different

surgical timing cohorts. We applied the formula suggested by Furlan

and colleagues76 to measure MCC across multiple levels (Table 1).

In our study, the mean Cobb angle was 11.7 degrees (standard de-

viation [SD] 11.9), and five patients experienced ossification of

posterior longitudinal ligament (OPLL).

IMLL and the number of T2 signal changes

IMLL, as detected by T2-weighted or STIR MRI, was not as

expansive as reported in more severe cervical spine injuries, in

accordance with the study by Le and colleagues,31 which reported

that the rate of IMLL expansion in AIS grade C and D patients was

*300 lm/h, significantly less than the 900 lm/h recorded in AIS

grades A and B patients.77 In the present study, mean IMLL for the

entire cohort was 23 mm (SD 10). Intramedullary lesion morphol-

ogy was classified as ‘‘discrete,’’ ‘‘patchy,’’ or ‘‘multiple.’’ In the

group with early decompression, 29 patients had a single discrete

spot of high intensity signal and 7 patients had two high intensity

signals. In the group with late decompression, 27 patients had a

single spot, 10 patients had two spots, and 1 patient had three spots.

In the group with delayed decompression, 19 patients had one spot

and 8 patients had two spots. IMLL and number of focal T2 signal

changes were not statistically different between groups.

Surgical Intervention

Surgical decompression was performed within a median of 37.5

(IQR = 50) h (mean 65.2, SD 75.2 h). Thirty-six patients underwent

Table 1. Baseline Characteristics

Category £24 h Post-trauma 25-72 h Post-trauma >72 h Post-trauma Total p

Accident, n (%) 0.23
Fall 21 (30.4) 29 (42.0) 19 (27.6) 69 (100)
MVC 6 (37.5) 4 (25) 6 (37.5) 16 (100)
Other 9 (56.3) 5 (31.2) 2 (12.5) 16 (100)
Total 36 (35.7) 38 (37.6) 27 (26.7) 101) (100)

Gender, n (%) 0.55
Male 31 (37.8) 29 (35.4) 22 (26.8) 82 (100)
Female 5 (26.3) 9 (47.4) 5 (26.3) 19 (16.7)
Total 36 (35.7) 38 (37.6) 27 (26.7) 101 (100)

Age (years), mean (SD) 58.1 (11.3) 57.4 (12.4) 58.2 (11.8) 57.9 (11.7) 0.95
AIS grade, n (%) 0.19

AIS C 10 (27.8) 11 (28.9) 3 (11.1) 24(23.7)
AIS D 26 (72.2) 27 (71.1) 24 (88.9) 77 (76.3)

Admission ASIA motor score, mean (SD) 62.9 (24.3) 68.08 (24.7) 75.9 (18.6) 68.3 (23.4) 0.08
Follow-up ASIA motor score, mean (SD) 91.1 (15.8) 91.9 (13.4) 97.5 (3.8) 93.1 (12.8) 0.11
Neuroimaging biomarkers

Morphometric measures
Number of stenotic segments, n 2.6 2.7 3.0 2.8 0.45
Maximum canal compromise 37.3 (7.8) 39.1 (8.6) 39.6 (10.1) 38.6 (8.7) 0.64
Level of spinal cord compression, n (%) 0.43
C3/C4 17 (32.1) 22 (41.5) 14 (26.4) 53
C4/C5 9 (32.1) 9 (32.1) 10 (35.8) 28
Other 10 (50) 7 (35) 3 (15) 20
MRI signal characteristics
IMLL (mm) 24.6 (12.2) 24.0 (10.4) 19.4 (9.7) 23.0 (11.0) 0.14
Number of T2 signal intensity points 1.19 (0.40) 1.31 (0.52) 1.29 (0.46) 1.26 (0.46) 0.69

Methylprednisolone protocol 0.15
Was infused 11 (29.7) 12 (32.4) 14 (37.9) 37 (36.6)
Was not infused 24 (37.5) 26 (40.6)) 14 (21.9) 64 (64.4)

Surgical technique, n (%) 0.22
ACDF/ACCF 13 (32.5) 16 (40) 11 (27.5) 40 (100))
ACDF+laminectomy 9 (56.3) 6 (37.5) 1 (6.2) 16 (100)
Laminectomy or expansive laminoplasty 14 (31.1) 16 (35.6) 15 (33.3) 45 (100)
Total 36 (35.7) 38 (37.6) 27 (26.7) 101 (100)

Descriptive data for the cohort of 101 patients who presented with ATCCS caused by spinal stenosis, including patient demographics, injury
mechanism, clinical characteristics, neuroimaging biomarkers (CT and MRI), steroid protocol, and surgical technique. All patients were admitted to The
R Adams Cowley Shock Trauma Center and are stratified here by the timing of surgical decompression from traumatic ictus: early (£ 24 h), late (25–
72 h), and delayed (>72 h).

ACDF/ACCF, anterior cervical discectomy and fusion/anterior cervical corpectomy and fusion; AIS, American Spinal Injury Association (ASIA)
Impairment Scale; ATCCS, acute traumatic central cord syndrome; IMLL, intramedullary lesion length; MRI, magnetic resonance imaging; MVC, motor
vehicle collision; SD, standard deviation.
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surgery within 24 h, 38 patients within 25–72 h, and 27 patients in

>72 h (range 79–439 h). Two patients excluded from the latter timing

category underwent surgical decompression 90 and 300 days (2160

and 7200 h, respectively), and in a third patient, the exact timing of

delayed decompression was unknown. De facto spinal cord decom-

pression, confirmed by postoperative MRI, was achieved with ante-

rior decompression alone (ACDF or ACCF) in 40 patients. Sixteen

patients underwent both anterior and posterior decompression. The

remaining 45 patients underwent posterior decompression only, using

laminectomy or open-door laminoplasty. The surgical technique was

similar among the three surgical timing groups.

AMS

The prognostic effects of 11 independent variables on follow-up

AMS are shown in Table 2 based on univariate analysis. These vari-

ables included time to surgery, age, admission AMS, admission AIS

grade, etiology, gender, surgical technique, IMLL, number of skeletal

segments, number of signals on MRI, and MCC. Only admission AMS

predicted follow-up AMS with strong significance ( p < 0.0001).

Timing of decompression

We analyzed the relationship between the timing of decom-

pression and improvements in AMS after at least 6 months of

follow-up (median 12 and range 6–138 months). The variable of

time was taken categorically and continuously as suggested by

the literature.12,47,48, 65,79,80 These categories were within 24 h

(36 patients), from 25–72 h (38 patients), and from 73 to >400 h

(17 patients) (Fig. 1). The element of time was also used as a

continuous variable (Fig. 2). During the course of follow-up, the

admission AMS increased from 68.3 (SD 21.4) to 93.1 (SD 12.8).

There was no significant difference among the three categories of

time to decompression and increases in AMS at the latest follow-

up. Additionally, in multiple regression analyses, only AMS at

admission was the most powerful determinant of AMS at the

latest follow-up (Table 3).

Discussion

Here, we present evidence that in ATCCS caused by spinal

stenosis, when adequate decompression was obtained, the timing of

decompression did not affect the outcome after adjustment for age,

admission AMS, admission AIS grade, etiology, gender, surgical

technique, IMLL, number of skeletal segments stenosed, segments

of maximum compression, number of signals on MRI, and MCC.

AMS at admission was the sole determinant of AMS at follow-up

( p < 0.001).

For two decades, 2001–2018, we have witnessed changing

trends in the epidemiology of tSCI, including a progressive drop in

the IMLL and an increase in AMS at admission.16 Going forward,

surgeons may be challenged by milder incomplete tCSCI cases in

older individuals presenting mostly with ATCCS.13,16,20–22,24 In

the present study, the typical patient was 58 years old, was admitted

to the trauma resuscitation unit after a ground level fall, and had an

AMS of 65. Imaging parameters indicated an MCC of close to 40%,

based on three skeletal segments of C3-C6, a Cobb angle of 11.7

degrees, and an IMLL of 23 mm.17

Biological rational, pre-clinical, and translational studies in tCSCI

support decompression as a neuroprotective measure aimed at miti-

gating secondary injury and improving outcome.34–38,40,42,43,81–83

Whereas in ATCCS caused by fractures and disrupted dis-

coligamentous injuries of the cervical spine, earlier surgery may

help better and faster neurological recovery and more effective

rehabilitation measures,47,78 in ATCCS caused by spinal

FIG. 1. Bar graph depicting the relationship between admission
and follow-up American Spinal Injury Association (ASIA) motor
score (AMS) when 101 patients with acute traumatic central cord
syndrome (ATCCS) caused by spinal stenosis were fully decom-
pressed within 24, 25–72, and >72 h following trauma.

Table 2. Distribution of Follow-up Motor Score Based

on 11 Independent Variables from Univariate Analysis

Independent
variable n

Mean
(SD)

Correlation
coefficient

p
value

Gender - 0.537
Female 19 94.8 (4.9)
Male 82 92.8 (14.1)

Age 101 - -0.111 0.270
Time to surgery - 0.117

£ 24 h 36 91.1 (15.9)
25-72 h 38 91.9 (13.4)
> 72 h 27 97.5 (3.8)

Mechanism of injury - 0.182
Fall 69 91.6 (14.9)
MVC 16 97.4 (4.7)
Other 16 95.6 (6.2)

Surgical technique 0.099
ACDF 40 96.5 (6.1)
ACDF+Lami 16 91.3 (9.5)
Lami 45 90.8 (17.2)

Level of maximum
pressure

- 0.436

C3/4 53 94.7 (6.8)
C4/5 28 91.1 (15.6)
Other 20 91.9 (19.5)

Maximum canal
compromise

101 - 0.029 0.777

Number of stenotic
segments

101 - -0.131 0.191

IMLL 101 - -0.058 0.564
Number of signals 101 - -0.195 0.051
Admission AMS 101 - 0.553 <0.0001

SD, standard deviation; MVC, motor vehicle collision; ACDF, anterior
cervical discectomy and fusion; ACDF+Lami, ACDF + laminectomy; IMLL,
intramedullary lesion length; AMS, American Spinal Injury Association
(ASIA) motor score.

TIMING OF DECOMPRESSION IN CENTRAL CORD SYNDROME 2077



stenosis disc/osteophyte complex (SSDOC), support for such

evidence is much weaker.85,86 In a 2019, systematic review ap-

plying Preferred Reporting Items for Systematic Reviews and

Meta-Analyses (PRISMA) 2009 guidelines, the Spinal Cord

Society and Spine Trauma Study Group established a panel

tasked reviewing management and prognosis of ATCCS. Out of

770 published articles, 37 dealt with management, complica-

tions, and prognosis, including 10 that scrutinized the timing of

surgery.12,87 The consensus indicated that there was reasonable

evidence that, in patients with ATCCS secondary to extension

injury in stenotic cervical canal without fracture/dislocation/trau-

matic disc herniation/instability, there is a need for high-quality

prospective randomized controlled trials to resolve the controversy

regarding early surgery versus conservative management and de-

layed surgery if recovery plateaus or if there is a neurological de-

terioration. Further review of the 10 studies reported by Yelamarthy

and coworkers12 indicated only four studies similar to our investi-

gation (Table 4). Selection bias and inhomogeneity in these four

level 3 studies precluded any firm conclusion about the effect size of

timing of decompression and long-term outcome of patients with

extension injuries caused by spinal stenosis disc/osteophyte com-

plex.8,17,57,88 Until such investigations are completed, our retro-

spective cohort study, which was well-adjusted for multiple

independent variables, can help spine surgeons with surgical plan-

ning and the timing of surgical decompression applying appro-

priate techniques.

An important preoperative implication of the present study is the

availability of adequate time for risk stratification, medical opti-

mization,58 and planning for an appropriate surgical technique to

address both decompression and deformity (Fig. 3). Consideration

of the modified Frailty Index,89–92 comorbidities,92 and current

medications including anticoagulants is important for reducing

morbidity and hospital length of stay.93,94 Multiple levels of ACDF

or corpectomies in older individuals can be complicated by dys-

phagia and swallowing difficulty.95–99

The most important imaging biological marker of tCSCI is the

intramedullary lesion: the product of kinetic energy and molecular

cascades immediately following trauma.100–103 In vivo MRI studies

on intramedullary lesion in rodent models of tSCI have shown

neuroprotective effects of hypertonic saline, glibenclamide, and

S-nitrosoglutathion (GSNO), as evidenced by neurobehavioral

improvement and reduced intramedullary lesion size.104–106 Simi-

lar studies on nonhuman primates have been modeled to reproduce

lesions strikingly similar to ATCC.107 IMLL is predictive of neu-

rological outcome in humans with severe tCSCI.65,108–111 By

contrast, our study did not find admission IMLL to be predic-

tive of long-term neurological outcome, although IMLL had a

strong relationship with admission AMS ( p = 0.007). This ac-

cords with the study by Le and colleagues31 that reported very

slow expansion of IMLL in AIS grades C and D patients

(*300 lm/h). Knowing the IMLL following a timely total

spinal cord decompression may make it possible to administer

targeted neuroprotective therapies immediately following sur-

gical intervention. A previous study of ATCCS caused by

SSDOC reported that AMS at admission had a strong rela-

tionship with Functional Independent Measure (FIM) and hand

FIG. 2. Scatter graph of the final American Spinal Injury Association (ASIA) motor score (AMS) versus time to decompression in 101
patients with acute traumatic central cord syndrome (ATCCS) caused by spinal stenosis.

Table 3. Stepwise Regression Analysis of 11
Independent Variables; Namely, Time from Injury

to Surgery (Categorical), Age, Gender, Etiology,

Admission AMS, Admission AIS Grade, Number

of Stenosed Skeletal Segments, MCC, Point

of Maximum Compression, Number of High Intensity

Signals on MRI, and IMLL, and Their Prognostic

Influence on Follow-up AMS

Independent
variable Coefficient

p
value

95%
confidence

interval

Time to Surgery
£24 h 0 (referent)
25-72 h -0.71 0.777 (-5.71, 4.28)
>72 h 3.00 0.293 (-2.63, 8.62)
Admission AMS 0.31 <0.001 (0.21, 0.40)
IMLL 0.13 0.201 (-0.07, 0.33)

AMS, American Spinal Injury Association (ASIA) motor score; AIS, ASIA
Impairment Scale; MCC, maximum canal compromise; MRI, magnetic
resonance imaging; IMLL, intramedullary lesion length.
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dexterity at 12 months following injury.17 In a study by Noo-

nan and colleagues,112 admission AMS had a significant effect

on quality of life at follow-up.

Study limitations

This clinical study is a level 2/3 investigation and inherently

prone to be confounded by bias. Although not statistically signifi-

cant (Table 1, p = 0.08), a potential confounder was the fact that

surgery was performed later on patients with a better AMS; how-

ever, this is unlikely to account for the study results (Figs 1 and 2).

Similarly, the ceiling effect of adopting £95 as our AMS at the

time of admission might be another confounder (Fig. 2). These

issues need to be clarified by further studies. In addition, although

statistically not significant, post-operative MRI indicated full de-

compression of the spinal cord following trauma, and the exact

ideation, pre-planning, and surgical techniques used by multiple

surgeons is unknown and may have had some confounding effect

on the results.

Conclusion

Spine surgeons are gaining interest in ATCCS and its operative

management, although the extent of such surgery and surgical

technique remain to be further defined. In our study, following

adjustment for multiple independent variables and with de facto

Table 4. Comparison of Published Studies on the Effects of Timing of Decompression on AMS at Least 6 Months

after tCSCI in Patients with ATCCS Caused by SSDOC Adjusted for Morphometric Neuroimaging, Surgical

Technique, and the Extent of Decompression

Investigator year
journal D Cohort Outcome SSDOC

NO
SSS MCC

Level
of

MSCC

# of
MRI

signal
Surg.
Tech.

PO
MRI IMLL

Extent
of DEC F/U m F/U m

Effect
of

timing

Guest et al. 2002 J.
Neurosurg.

R 50 PSIMFS 24 NM NM NM NM Y NM NM NM 13 £24: 6
>24: 18

No effect

Lenehan et al.
2010 Spine
(Phila PA 1976)

R 73 AMS 73 NM NM NM NM Y NM NM NM 6 <24: 17
>24: 56

Early better

Aarabi et al. 2011 J.
Neurosurg. Spine

R 42 AMS 42 M Y Y NM Y Y Y NM 12 £24:9 24-48:
10 > 48: 23

No effect

Anderson et al. 2012
Am. J. Orthop.
(Belle Mead NJ)

R 69 AMS 31 NM NM NM NM Y NM NM NM ‡6 £24: 14
24-48: 30

>48: 25

No effect

Aarabi et al. 2021 J.
Neurotrauma

R 101 AMS 101 M Y Y Y Y Y Y Y ‡6 £24: 36
25-72:38
> 72: 27

No effect

AMS, American Spinal Injury Association (ASIA) motor score; tCSCI, traumatic cervical spinal cord injury; ATCCS, acute traumatic central cord
syndrome; D, design; DEC, decompression; F/U, follow-up; IMLL, intramedullary lesion length; m, months, M, mentioned, MCC, maximum canal
compromise; MSCC, maximum spinal cord compression; MRI, magnetic resonance imaging; NM, not mentioned; NO, number; SSS, spinal stenosis
segments; PO, post-operative, PSIMFS, Post-Spinal Injury Motor Function Scale; R, retrospective; Surg. Tech., surgical technique, SSDOC, spinal
stenosis disc/osteophyte complex; Y, yes,

FIG. 3. Following a ground-level fall, this 75-year-old woman had an American Spinal Injury Association (ASIA) motor score (AMS)
of 52. Computed tomography (CT) scan indicated swan-neck deformity (panel A) with a Cobb angle of -13 degrees. Magnetic resonance
imaging (MRI) indicated a four-segment spinal stenosis and evidence of mild extension distraction injury at C4/C5 skeletal segment
(arrow) (panel B), maximum canal compromise (MCC) was 42.3% and intramedullary lesion length (IMLL) was 22.1 mm. Sixty-nine
hours following her trauma, a laminectomy was performed (panels C,D). Her post-operative Cobb angle was 24 degrees. Twelve months
after discharge her AMS was 85.
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spinal cord decompression demonstrated on post-operative MRI,

the timing of surgery did not play a significant role in changing the

final ASIA motor score at 6 month follow-up. With changing trends

in demographics and markers of injury severity, we are likely to

have increased numbers of patients with spinal stenosis and

ATCCS. This study supports spinal cord decompression but does

not identify a specific time frame for decompression. Considering

the imaging complexities of the cervical spine in the elderly with

ATCCS and added comorbidities, it is prudent to carefully pre-

operatively decide on the surgical intervention in such a way as not

only to decompress the spinal cord but also to address complicated

spine morphometric deformities in a timely manner. Further re-

search is needed to address questions such as the need for de-

compression, extent and timing of decompression, and the best

surgical technique to achieve these important goals. In addition,

further detailed investigations are needed, including defining the

effect of age and comorbidities on the final long-term motor and

functional outcome.
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