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Abstract

To determine the influence of time from injury to surgery on neurological recovery and length of stay (LOS) in an

observational cohort of individuals with traumatic spinal cord injury (tSCI), we analyzed the baseline and follow-up motor

scores of participants in the Rick Hansen Spinal Cord Injury Registry to specifically assess the effect of an early (less than

24 h from injury) surgical procedure on motor recovery and on LOS. One thousand four hundred and ten patients who

sustained acute tSCIs with baseline American Spinal Injury Association Impairment Scale (AIS) grades A, B, C, or D and

were treated surgically were analyzed to determine the effect of the timing of surgery (24, 48, or 72 h from injury) on

motor recovery and LOS. Depending on the distribution of data, we used different types of generalized linear models,

including multiple linear regression, gamma regression, and negative binomial regression. Persons with incomplete AIS B,

C, and D injuries from C2 to L2 demonstrated motor recovery improvement of an additional 6.3 motor points (SE = 2.8

p < 0.03) when they underwent surgical treatment within 24 h from the time of injury, compared with those who had

surgery later than 24 h post-injury. This beneficial effect of early surgery on motor recovery was not seen in the patients

with AIS A complete SCI. AIS A and B patients who received early surgery experienced shorter hospital LOS. While the

issues of when to perform surgery and what specific operation to perform remain controversial, this work provides

evidence that for an incomplete acute tSCI in the cervical, thoracic, or thoracolumbar spine, surgery performed within 24 h

from injury improves motor neurological recovery. Early surgery also reduces LOS.
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Introduction

Each year, the lives of thousands of persons around the

globe are irrevocably altered after being paralyzed by an

acute traumatic spinal cord injury (tSCI).1,2 Therapeutic initiatives

such as surgical stabilization and decompression, hemodynamic

manipulation, and pharmacological interventions are intended to

prevent further neurological deterioration while encouraging the

functional recovery of injured neurological elements. Proven

pharmaceutical treatment options to improve neurologic function

and reduce the substantial burden of disability are limited.3 The

influence of hemodynamic manipulation on neurological recovery

after tSCI also remains uncertain.4,5 The decision to operate rather

than to pursue nonsurgical treatment, although still controversial,6

has gained popularity because of patterns of surgical practice, ex-

pert opinion, and resource availability that has tended to favor

surgery.7 The influence of surgical decompression and stabiliza-

tion, particularly when it is performed early after the injury, has

recently gained some support as an intervention that may benefit

neurological recovery.8,9

The identification of effective interventions and acute therapies

for persons with acute tSCI remain an important, although elusive,

objective because of the dramatic impact that even modest improve-

ments in motor function could have on this patient population.10–12

Over the past four decades, considerable progress in our scien-

tific understanding of SCI has generated numerous therapeutic

interventions with very promising results reported in preclinical

studies.13,14 Preclinical studies have investigated the influence of

time from injury to decompression and have generally shown a

beneficial effect of early decompression,15–23 although most of

these animal models use slow mechanisms of injury that severely

underrepresent the velocity of human injuries. Also, not all pre-

clinical studies have demonstrated the benefits of early surgical

decompression.24–26

Surgeons, who often provide acute care for those with tSCI,

understand the concept of secondary injury to the spinal cord27 and

find it intuitively appealing that some of the early neurological

recovery that occurs in many patients may be enhanced or accel-

erated after surgical decompression and stabilization. Whether or

not this neurological recovery simply reflects the natural history of

neurological recovery or whether its trajectory of improvement and

ultimate magnitude can be influenced by surgical procedure is not

fully known. Also difficult to quantify is the potential influence of

surgical timing on the occurrence of adverse events and the costs of

care as reflected in length of hospital stay. The optimal timing of an

operation in promoting motor recovery has considerable health

services implications and thus is a question of substantial contro-

versy and relevance to persons with acute tSCI as well as to the

health care system and society in general.

Surgical intervention encompasses a combination of either sta-

bilization and/or decompression, both of which are hypothesized to

improve the environment around the traumatically injured spinal

cord. Performing early decompression and stabilization of these

injuries would appear to be a logical intervention that could min-

imize secondary injury and optimize neurological recovery.

Several clinical trials have focused on the timing of surgical

intervention and have produced conflicting results. Fehlings and

associates8 demonstrated an increased odds ratio of AIS improve-

ment in traumatic cervical SCI when surgery was performed within

24 h from injury. This study has faced some criticism, mostly be-

cause of an imbalance between early and late surgery groups

with respect to the initial American Spinal Injury Association

Impairment Scale (AIS), although the authors attempted to control

for any differences in baseline function using multivariate tech-

niques.28 Several authors have studied raw motor score improve-

ment in tSCI persons undergoing early surgery compared with

those experiencing late surgery. While a number of studies have

failed to demonstrate an advantage to early surgery,29–34 a pro-

spective Canadian cohort study35 did report a 5 motor score im-

provement in 22 patients who had surgery within 24 h of injury out

of a group of 55 patients. Several other studies have identified a

motor score benefit to early surgery, however, these studies have 50

or fewer patients and tend to focus on subpopulations of tSCI such

as central cord or thoracolumbar injuries.36–39

In a meta-analysis and systematic review of timing of surgery,9

van Middendorp and colleagues9 reported that patients who un-

derwent early surgery experienced an additional 5.94 motor score

improvement when compared to those whose surgery was per-

formed later, although it was not clear whether early surgery oc-

curred within 24 or 72 h. The authors also found that those

undergoing early surgery spent almost 10 fewer days in hospital.9

Although early surgery may be more costly (priority operating room/

advanced imaging access), the decrease in length of hospital stay

may reduce overall costs.40 Hospital length of stay (LOS) may be

viewed as an imprecise surrogate measure for costs of hospital care.

Every day, treating physicians are faced with newly injured

patients and have to make decisions as to the urgency of transport,

priority of investigations, and access to operating room and other

hospital resources. The identification of any potentially beneficial

or harmful influence of surgical timing in acute tSCI is a critically

important issue for persons with new injuries and for health systems

that strive to provide timely access to the most appropriate care.

The purpose of this study was to determine the degree to which

the time from injury to surgical procedure influences the early

motor neurologic recovery after acute tSCI. Our specific objectives

were to compare motor recovery based on the International Stan-

dards for the Neurological Classification of SCI (ISNCSCI) from

the baseline (initial) neurological examination to final neurological

follow-up while accounting for the factors that may influence

neurological outcome after tSCI. We also investigated inpatient

acute hospital LOS as surrogate measure for systems outcomes

and costs, and recognized potential confounders of neurological

outcome that most previous studies fail to consider.

Characterizing the degree to which the timing of surgical in-

ervention influences patterns of motor recovery in various sub-

groups of tSCI would allow for a more informed and personalized

approach to tailoring therapies, facilitate the precise prioritization

of treatment, and provide support for the advocacy for timely ac-

cess to resources for these persons.

Methods

This prospective observational Canadian multicenter compara-
tive cohort study used data collected in the Rick Hansen Spinal
Cord Injury Registry (RHSCIR).41

The subjects recruited for this study formed a longitudinal cohort
of consecutive patients recruited at the time of their initial injury to
the RHSCIR beginning at one pilot site in 2005 through to the
present; the national SCI registry is currently active in 31 sites in 15
Canadian cities. Spine fellowship trained surgeons provide care
at each of these sites, many of which are level 1 trauma centers.

The sites all obtained Institutional Research Ethics Board ap-
proval to enroll patients and enter data elements based on a priori
research questions, some of which are outlined in the article de-
scribing the registry.41
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Local treating clinicians examined each patient, conducted
neurological assessments, and reviewed radiographic images to
confirm the diagnosis of acute tSCI.

Registry coordinators collected data while the patient was in the
acute care setting of each registry site. The registry includes data
elements collected during the pre-hospital, acute, and inpatient
rehabilitation phase, as well as on discharge into the community
and at 1, 2, 5, and 10 years post-injury.

We included only those participants in the RHSCIR who un-
derwent surgery for treatment of their acute tSCI. Patients must
have consented to collection of their baseline and follow-up neu-
rological examination results to be included. We excluded anyone
with a Glasgow Coma Scale of less than 14 and anyone where
timing of surgery and timing of neurological examinations were not
specified.

In RHSCIR, a detailed initial or baseline neurological assess-
ment according to ISNCSCI42 is conducted and recorded for all
persons with SCI as part of a minimal data set. Coordinators and
clinicians at each participating site undergo training on the per-
formance of the ISNCSCI by a team which travels to each site from
the central registry site. This ensures the highest possible reliability
of the neurological assessments.43 Each ISNCSCI record was
processed through a customized algorithm that ensures high quality
and consistency of the neurological data. The date and time of
injury as well as the date and time of each neurological assessment
and surgery are recorded so that the time from injury to initial
neurological assessment and the time from injury to surgical pro-
cedure can be calculated in hours, as can the time to subsequent
neurological assessments.

Neurological assessments are performed at multiple time points,
but are recorded in the registry on admission to acute care and again
on discharge from acute care or inpatient rehabilitation. We in-
cluded initial/baseline ISNCSCI assessments that were performed
within 168 h of injury. What we described as our ‘‘final’’ ISNCSCI
assessments were generally performed between 3 and 6 months
after injury. Although neurological improvement may continue to
occur beyond a year after injury,44 most neurological recovery is
thought to occur within the first 3 months after injury45,46 or pos-
sibly up to 6 months.47,48 Pollard and Apple31 have noted that more
than 70% of neurological recovery occurs before discharge from
rehabilitation. The focus of our analysis was on early neurological
recovery.

Factors that we considered potential confounders or effect
modifiers based on clinical expertise and the literature include
patients’ age at injury,49 their sex,50 the Injury Severity Score
(ISS),51 the initial AIS grade, (reflecting the severity of the neu-
rological injury) and the neurological level of injury,52 rehabilita-
tion LOS, the time from injury to baseline neurologic examination,
and the post-surgery interval to the final neurologic examination.

In the majority of patients with acute tSCI, there is a time de-
pendent improvement in motor recovery. This motor recovery may
lead to conversion from one AIS grade to another and this may
occur within the first hours and even days after injury.46,53 In-
formation bias will occur if the precise time from injury to baseline
examination is not accounted for. We included only patients who
had a baseline neurological assessment performed before surgical
intervention, within 72 h of injury for the analysis on the effect of
time to surgery within each AIS group. We performed analyses on
the AIS A (n = 186) patients separately from AIS B, C, and D
patients (n = 284; Fig. 1).

We also investigated the influence of early surgery on the length
of acute hospital stay. We selected the time from admission to
discharge from an acute care facility as a surrogate for cost and the
systems impact of early surgery and analyzed the influence of early
surgery on LOS using gamma regression. This analysis was per-
formed on all patients who had time to surgery and acute LOS data,
using 4 months as a cut-point based on other research54 and clinical
appropriateness (n = 1410; Fig. 1).

Statistical methods

All data were tested for normality using histogram graphical
analysis and Kolmogorov-Smirnov numerical analysis. Univariate
analysis was performed using t tests when data were normally
distributed, otherwise the Mann-Whitney U test was used. For
categorical variables, we used the chi-square test. Pearson and
Spearman correlation was also used for bivariate association. The
Kruskal-Wallis test and a one-way analysis of variance were used
to model the development of motor score changes for more than
two groups. Outliers, namely those data points that showed vari-
ability of at least three standard deviations from the mean of the
variable of interest, were also removed.55

To evaluate the effect of timing of surgical intervention on
change in motor score and acute LOS, we used several different
types of generalized linear models, including multiple linear re-
gression, gamma regression, and negative binomial regression. We
adjusted for covariates including age, sex, AIS, ISS, and neuro-
logical level. In a separate analysis, we compared the effect of
surgical timing on rehabilitation LOS and the post-surgery interval
to the final neurological examination to ensure there were no dif-
ferences between groups. AIC (Akaike Information Criteria) and
BIC (Bayesian Information Criteria) were used for model selection.
Alpha was set at p < 0.05. Data were analyzed using SPSS Windows
version 21 and SAS 9.2.

Results

From a total population of 1410 patients who met our inclusion

criteria, there were 888 patients who had their initial neurological

exam performed within 1 week of injury and had surgery performed

within the first month after injury (Fig. 1). The participant char-

acteristics are displayed in conventional style in Table 1. The

breakdown of participants based on their injury severity and ana-

tomical level of injury as described by Dvorak and associates52 is

seen in Table 2.

The mean time from injury to surgery was 60 h, with 40% of

patients undergoing surgical intervention within 24 h from time of

FIG. 1. Participant flowchart. LOS, length of stay; GCS, Glas-
gow Coma Scale; AIS, American Spinal Injury Association Im-
pairment Scale.
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injury and the remaining 60% having a surgical procedure after 24

and up to 168 h after injury.

When the time from injury to operation was analyzed as an

independent continuous variable against the improvement in motor

score from baseline to follow-up, we found that there was no sig-

nificant effect identified in the total population of 888 patients.

When this entire sample was analyzed specifically for the influence

of those patients who had surgical intervention within 24 h from

injury, negative binomial regression showed no effect. This was

repeated for those with an operation within 48 h of injury and

further modeling using negative binomial regression demonstrated

no effect. Negative binomial regression was chosen based on the

distribution of data and a better ‘‘fit’’ of the data in comparison with

other models (correct overdispersion in data and lower AIC and

BIC compared with Poisson regression).

By analyzing the motor recovery based on the Canadian clas-

sification table for motor recovery,52 it became clear that the AIS A

patients demonstrated a significantly different pattern of neuro-

logical recovery than did the AIS B, C, and D patients. We therefore

chose to analyze the AIS A and the AIS B, C, and D subgroups

separately. We also restricted our sample to those who had their

baseline neurological assessment performed within 72 h post-injury

in an attempt to reduce the potential bias related to the time of the

baseline neurological assessment.

The subgroup analysis of AIS A patients revealed that the data

did not fit a Gaussian distribution and the best fit was obtained

when we performed a negative binomial regression. When the

negative binomial regression was performed no significant effect

was observed on motor score recovery when the time to opera-

tion was analyzed before and after 24 h (Table 3). In this anal-

ysis, patients with a lower ISS (less severely injured) were more

likely to exhibit greater motor score improvement, as were

patients who had anterior column compression or burst frac-

tures as opposed to those with dislocations or distraction/shear

type injuries.

When we performed a similar analysis of AIS B, C, and D pa-

tients, which we grouped together because of their similar patterns

of neurological improvement, this cohort of patients revealed a

normal distribution. Our analyses demonstrated that patients who

had a surgical procedure performed within 24 h of injury (early) had

significantly increased motor score improvement than those with

surgery performed after 24 h (late) (Table 4). Early surgical inter-

vention resulted in an additional six motor point improvement over

that demonstrated by the patients who had surgical procedures later

than 24 h after injury ( p = 0.03).

AIS A and B patients who had early surgical intervention

demonstrated a reduced acute LOS (AIS A 7.5 d, AIS B 12.8 d;

Table 5), while AIS C and D patients demonstrated a similar trend

that did not reach statistical significance.

Finally, we compared the time from operation (date of opera-

tion + 1 d) to the final neurological examination and length of reha-

bilitation between the early and late surgery groups in duration of

mobilization and rehabilitation and there were no significant effects.

Table 1. Study Population Characteristics of 888
Persons with Acute Traumatic Spinal Cord Injuries

Baseline Follow-up

Age: Mean (range) 45.7 (76)

Male sex: n (%) 679 (76.5)

Total hospital length of stay
(days): mean (SD)

117 (89.5)

Upper extremity motor score 32.8 (18.1) 39.3 (14.2)

Lower extremity motor score 14.2 (18.4) 22.5 (21)

Total motor score (0–100):
mean (SD)

50 (27) 61.8 (28.1)

Baseline neurological examination
time (hours post-injury):
mean (SD)

44 (79)

Median 17

AIS: n in each grade (%)
A 292 (38.8)
B 90 (12)
C 138 (18.4)
D 232 (30.9)

Neurological level of injury:
n in each group (%)
High cervical (C1–C4) 190 (26.5)
Low cervical (C5–T1) 257 (35.8)
Thoracic (T2–T10) 120 (16.7)
Thoracolumbar (T11–L2) 151 (21.0)

Time from injury to surgery
(h): mean (SD)

60.4 (80)

Median 33

SD, standard deviation; AIS, American Spinal Injury Association
Impairment Scale.

Table 2. Motor Score Change (Discharge - Baseline) Distribution by Severity and Neurological Level

of Injury for the Total Analysis Population (n = 888) Who Had Complete Data (n = 505, 56.9%)

Neurological level

AIS Change in motor score
High cervical

(C1–C4)
Low cervical

(C5–T1)
Thoracic
(T2–T10)

Thoracolumbar
(T11–L2) p value

A (n = 196) Motor score change (SD) 4.6 (5.9) 5.3 (6.1) - 0.4 (1.6) 1.4 (3.9) < 0.001
n 34 51 73 38

B (n = 66) Motor score change (SD) 36.2 (28.5) 23.0 (26.2) 13.8 (16.2) 8.7 (11.7) 0.012
n 15 27 9 15

C (n = 106) Motor score change (SD) 37.9 (18.9) 36.2 (18.6) 24.1 (11.6) 19.0 (13.3) < 0.001
n 42 34 7 23

D (n = 137) Motor score change (SD) 11.1 (12.5) 10.9 (12.3) 10.5 (20.5) 6.9 (7.4) 0.443
n 54 54 2 27

AIS, American Spinal Injury Association Impairment Scale; SD, standard deviation.
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Discussion

We studied the influence of time from injury to surgical stabi-

lization and decompression (time to surgery) in an observational

cohort of adult patients with acute tSCI with injuries between C1

and L2. We specifically questioned whether there was an im-

provement in the magnitude of motor score recovery in patients

with tSCI who underwent early surgical intervention compared

with those who had their operation performed later. We used

clinically relevant time intervals for analyzing the time from injury

to surgical procedure, including 24, 48, and 72 h. We hypothesized

that the effect of timing of the procedure on neurologic recovery

would be influenced by the initial severity of the injury and its

anatomical location.

We failed to demonstrate variation in motor recovery with early

and late surgical intervention when evaluating the entire sample of

AIS A, B, C, and D patients, and we also did not observe an effect in

the subgroup of patients who had an initial severity of AIS A.

Table 3. Factors Affecting Motor Score Improvement in American

Spinal Injury Association Impairment Scale A Patients

95% Wald confidence interval Hypothesis test

Parameter B Std. error Lower Upper Wald chi-square df Sig.

Intercept - 0.514 0.8314 - 2.144 1.115 0.383 1 0.536

Age at injury 0.016 0.0097 - 0.003 0.035 2.673 1 0.102

Vertebral injury
Compression 1.515 0.7398 0.065 2.965 4.192 1 0.041
Dislocation 0.543 0.7600 - 0.947 2.033 0.510 1 0.475
Shear 0.669 0.6499 - 0.605 1.943 1.060 1 0.303
Other Baseline - - - - - -

ISS score - 0.048 0.0155 - 0.078 - 0.017 9.530 1 0.002

Neurological level
High cervical (C1–C4) 2.179 0.5109 1.177 3.180 18.187 1 0.000
Low cervical (C5–T1) 2.338 0.4168 1.521 3.154 31.451 1 0.000
Thoracic/Thoracolumbar (T2–L2) Baseline - - - - - -

Time from injury to surgery
£ 24h 0.068 0.3533 - 0.625 0.760 0.037 1 0.848
> 24h Baseline - - - - - -

Std. error, standard error; Sig., significance; ISS, Injury Severity Score.
Negative binomial analysis of motor score recovery from baseline to follow-up (dependent variable) with independent variables: age, ISS, injury type,

and early ( £ 24 h) or late ( > 24 h) surgery for American Spinal Injury Association Impairment Scale A patients. Axial compression injuries (burst
fractures), a lower ISS, and a cervical injury were associated with a greater motor score change, but the timing of surgery had no effect.

Table 4. Factors Affecting Motor Score Improvement in American

Spinal Injury Association Impairment Scale B, C, and D

95% Wald confidence interval Hypothesis test

Parameter B Std. error Lower Upper Wald chi-square df Sig.

Intercept 0.786 6.3278 - 11.616 13.189 0.015 1 0.901

Age at injury - 0.142 0.0734 - 0.286 0.002 3.755 1 0.053

Neurological level
High cervical (C1–C4) 17.364 3.6753 10.160 24.567 22.320 1 0.000
Low cervical (C5–T1) 9.459 3.5437 2.514 16.405 7.125 1 0.008
Thoracic (T2–T10) 7.527 6.1510 - 4.529 19.583 1.497 1 0.221
Thoracolumbar (T11–L2) Baseline - - - - - -

ISS score 0.230 0.2121 - 0.186 0.646 1.177 1 0.278

AIS
B 6.661 3.6831 - 0.558 13.879 3.271 1 0.071
C 22.893 3.0928 16.831 28.954 54.788 1 0.000
D Baseline - - - - 1 -

Time from injury to surgery
£ 24 h 6.258 2.8774 0.618 11.897 4.729 1 0.030
> 24 h Baseline - - - - - -

Std. error, standard error; Sig., significance; ISS, Injury Severity Score; AIS, American Spinal Injury Association Impairment Scale.
Multiple linear regression analysis of motor score improvement from baseline to follow-up (dependent variable) with independent variables: age, ISS,

injury type, and early ( £ 24 h) or late ( > 24 h) surgery for AIS B, C, and D patients. Having a cervical injury and having surgery within 24 h from time of
injury were associated with a greater motor score change. Age at injury, ISS score, and injury type were not associated with motor score change.
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We did, however, observe that surgical procedures performed

within 24 h from the time of injury had a positive influence on

motor score neurological recovery in AIS B, C, and D (incomplete)

patients. These neurologically incomplete patients recovered an

average of 6 motor points more when their operation was per-

formed within 24 h of their injury compared with those who had

their operation performed more than 24 h from the time of injury.

The largest clinical trials in SCI have each recruited between 500

and 750 patients.56,57 Data from registries that recruit patients on

entry into rehabilitation do not have direct access to accurate acute

(early) neurological assessments, with baseline neurological as-

sessment often performed several weeks after the injury.58–60

The literature that does demonstrate that time to surgery has an

effect on motor recovery tends to demonstrate this in small popu-

lations (fewer than 50 participants) and often in incomplete SCIs

such as central cord syndrome.35–39 The strongest evidence to date

of a surgical timing influence on motor score recovery comes from

the meta-analysis performed by van Middendorp and colleagues.61

These authors describe the available literature as being plagued by

significant publication bias and lacking ‘‘robustness.’’ Interest-

ingly, the conclusion by van Middendorp and associates61 of an

overall 5.94 motor point improvement with early surgery is very

similar to our finding of a six-point improvement in neurologically

incomplete patients who had surgery within 24 h of their injury,

although the analysis by van Middendorp and colleagues61 did not

distinguish the AIS A patients from those with incomplete injuries.

Fehlings and coworkers8 concluded that early surgery resulted in

a greater chance of improving by two AIS grades, but, interestingly,

Table 5. Gamma Regression for Acute Length of Stay in American Spinal Injury

Association Impairment Scale A and B Patients

95% Wald confidence interval Hypothesis test

Parameter B Std. error Lower Upper Wald chi-square df Sig.

AIS A
Intercept 3.143 0.2106 2.731 3.556 222.893 1 0.000

Age at injury 0.002 0.0018 - 0.002 0.006 1.226 1 0.268

Sex
Female - 0.065 0.0761 - 0.214 0.084 0.726 1 0.394
Male Baseline - - - - - -

Neurological level
High cervical (C1–C4) 0.732 0.1133 0.510 0.954 41.776 1 0.000
Low cervical (C5–T1) 0.480 0.1050 0.274 0.686 20.917 1 0.000
Thoracic (T2–T10) 0.126 0.0951 - 0.060 0.313 1.762 1 0.184
Thoracolumbar (T11–L2) Baseline - - - - - -

ISS score 0.006 0.0027 0.001 0.011 4.811 1 0.028

Vertebral injury
Compression 0.079 0.1723 - 0.259 0.416 0.209 1 0.648
Dislocation 0.065 0.1747 - 0.277 0.407 0.138 1 0.710
Shear 0.052 0.1622 - 0.266 0.370 0.102 1 0.749
Other Baseline - - - - - -

Surgery time
£ 24 h - 0.181 0.0624 - 0.303 - 0.059 8.397 1 0.004
> 24 h Baseline - - - - - -

AIS B
Intercept 3.936 0.3895 3.172 4.699 102.087 1 0.000

Age at injury 0.005 0.0035 - 0.002 0.011 1.668 1 0.197

Sex
Female 0.040 0.1426 - 0.239 0.320 0.080 1 0.777
Male Baseline - - - - - -

Neurological level
High cervical (C1–C4) 0.411 0.1785 0.061 0.761 5.307 1 0.021
Low cervical (C5–T1) 0.198 0.1660 - 0.127 0.524 1.426 1 0.232
Thoracic (T2–T10) - 0.063 0.2107 - 0.476 0.350 0.088 1 0.766
Thoracolumbar (T11–L2) Baseline - - - - - -

ISS score 0.003 0.0070 - 0.011 0.017 0.193 1 0.660

Vertebral injury
Compression - 0.588 0.2913 - 1.159 - 0.017 4.072 1 0.044
Dislocation - 0.552 0.3000 - 1.140 0.036 3.389 1 0.066
Shear - 0.414 0.2841 - 0.970 0.143 2.119 1 0.145
Other Baseline - - - - - -

Surgery time
£ 24 h - 0.358 0.1185 - 0.590 - 0.126 9.127 1 0.003
> 24 h Baseline - - - - - -

Std. error, standard error; Sig., significance; ISS, Injury Severity Score.
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not by one AIS grade, nor did they analyze or report on motor score

improvement. In the Surgical Timing in Acute Spinal Cord Injury

Study (STASCIS) study, the patients in the early surgery group

were on average 4 years younger and had a larger proportion of

patients with AIS A and B than in the late surgery group. Both of

these imbalances favor two AIS grade improvement in the early

surgery group because AIS C and D patients are unlikely to im-

prove by two AIS grades. There has therefore been some criticism

of the STASCIS data.28

We acknowledge that our current study does not report on long

term or final neurological outcome; however, that was not our in-

tent. Our goal was to study the acute and subacute motor im-

provement that occurs between injury and 6 months post-injury and

analyze the influence of early surgical intervention on this motor

score recovery. We contend that it is unlikely that further follow-up

would alter these ultimate conclusions. Our study may be criticized

in that complete neurological assessments were not collected at 1 or

2 years after injury or at prescribed time points after injury. This is a

function of the incremental process of initiating a national registry,

first at several pilot sites and subsequently in other cities and

provinces. We also acknowledge the differences in rehabilitation

LOS and post-surgery interval to final neurological examination; it

is unclear what effect these differences have on change in motor

score, which will be an area of future research.

Our study population is collected from all of the specialty spine

centers across Canada as well as several smaller provincial trauma

centers, thus contributing to the generalizability of our conclu-

sions and the minimizing of selection bias. The reliability and

accuracy of our neurological assessments performed in more than

31 sites by multiple examiners may also be regarded as a potential

concern. When a site is recruited to join the RHSCIR, a central

team of nurses and physiotherapists traveled to the site to ensure

appropriate training in the performance of the ISNCSCI stan-

dards. This training has been demonstrated to improve validity

and reliability of examinations.62 In addition, we have developed

an algorithm to standardize the reporting for the ISNCSCI, and the

algorithm was used to check all the ISNCSCI examination results

in RHSCIR.

We acknowledge the peculiarities of analyzing the ISNCSCI and

the difficulties inherent in fitting this data to a Gaussian or normal

distribution. We have used negative binomial regression techniques

as the ‘‘best fit’’ for some of our distributions. Unlike other authors

who have chosen to analyze the AIS as a primary outcome,8,57 we

have chosen to analyze motor score recovery. We believe that the

risks of losing some valuable information in the transformation of

raw motor score data into binary, multimodal, or ordinal data are

substantial. We understand that transforming the motor score re-

covery data into AIS or other outcomes may be preferred from a

clinical relevance point of view, as well as from a statistical ma-

nipulation standpoint. We think that the analysis of motor scores

provides more granularity and enables us to better understand the

details of the process of recovery. We would like to clarify that

negative binomial regression can be used with nonnegative num-

bers; we changed negative numbers in the outcome to zero (motor

score at discharge minus motor score at admission). The amount of

change in motor score improvement was very small (13.6 vs. 13.8)

and did not alter the results.

A potential bias in this study is to attribute improvement in

motor score recovery to surgical intervention when it may simply

be because of the natural history of incomplete SCI (type I error).

From the time of the baseline neurological assessment to the time of

operation, motor improvement can occur, and this improvement

could be mistakenly attributed to the influence of the operation.

Alternatively, the improvement may have occurred independent of

the operation. Because all of our patients had surgical intervention,

we are not able to comment on the influence of the operation itself

on the natural history of neurological recovery.

We identified no significant differences between the early and

late surgery groups in the post-surgery interval until the final

neurological examination, suggesting that the groups had an equal

opportunity to benefit from rehabilitation/natural recovery. As

persons with incomplete SCI were shown to have a larger antici-

pated amount of motor score recovery, preferentially selecting in-

complete participants for early surgical intervention is a potential

source of bias. In other work, however, we have demonstrated that

those with incomplete injuries are more likely to be observed by

surgeons over having early operation (or acute surgical treatment at

all), counter to this potential source of bias.63

We also acknowledge the influence of spinal shock on baseline

neurological assessments. In our attempts to determine whether or

not the timing of surgical intervention is a factor in motor recovery

other considerations need to be controlled for to determine the

independent effect of operation. We attempted to control for all

known confounders and interactions in our multivariate analyses.

The purpose of our research was not to promote early surgical

intervention but to analyze whether early operation is a significant

factor in overall recovery.

Bias related to the timing of the baseline neurological assess-

ment has been the most difficult variable to assess and control for.

We are not aware of any studies that report on the rate of neuro-

logical motor recovery in the first hours or days after tSCI. It is

possible that those patients who had their first ISNCSCI examination

performed within the first 24 h and those performed greater than 24 h

had different rates of motor recovery and this could bias our results.

We performed a sensitivity analysis by restricting our inclusion to

those patients who had their baseline neurological assessment within

24 h from time of injury. This analysis resulted in a similar effect on

motor improvement with respect to early and late operation. Further

analyses are being performed as part of a separate study to specifi-

cally analyze the influence of time of baseline neurological assess-

ment as a potential source of type II error and bias.

We have not established the functional significance of a six

point motor score difference, and further study is needed to de-

termine the distribution and clinical significance of the change in

motor scores that we have reported. The influence of multiple

segments improving one or two points may be minimal on a pa-

tient’s functional status. Nonetheless, given the devastating nature

of acute SCI and the paucity of effective neurorestorative treat-

ments, any true and measurable improvement in neurologic

function is worth noting.

This study does not address specifically what was actually done

at the time of surgery, and whether stabilization or stabilization

with concomitant direct or indirect spinal cord decompression was

performed. Nor does it address the issue of the efficacy or timing of

closed reduction before operation. We also have not specifically

verified the degree of pre-operative spinal cord compression or the

effectiveness of surgical intervention in fully relieving that com-

pression or effectively stabilizing the spinal column. Across our

Canadian RHSCIR sites, there is relative uniformity in surgical phi-

losophy from a surgical training and surgical capability point of view.

We demonstrated a reduced acute hospital LOS in AIS A (7.5 d)

and B (12.8 d) patients who had early operation. There are

other potential benefits to early operation such as lower rates of

complications and shortened intensive care unit stay. Our study
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population all had surgical intervention within a week of injury and

some of the findings related to LOS and complications are found in

articles where late surgical intervention is performed beyond 1

week after injury. We plan further analyses in this regard.

When the spinal cord is exposed to varying intensities of injury

and when it subsequently displays a time dependent natural re-

covery, it is not surprising that neurological recovery is influenced

by a number of variables. Authors have demonstrated that the se-

verity of the initial neurological injury and the anatomic region of the

injury are strong predictors of neurological recovery.45,52,62,64–66

Others have identified patients’ age and sex as a predictor of re-

covery.51 Our current study has provided evidence that the time

from injury to operation influences motor recovery in neurologi-

cally incomplete (B, C, and D) patients but not in all complete (AIS

A) patients.

Studies that are currently in the planning or early recruitment

stages should report on the proportion of patients who underwent

surgical intervention within 24 and beyond 24 h from injury par-

ticularly when they are including incomplete SCI among their

participants.

Our study proposes that incomplete AIS B, C, and D patients

with acute tSCI in the cervical, thoracic, and thoracolumbar spine

would benefit from surgical intervention performed within 24 h

from time to injury, with an average improvement in motor score of

six points over those who undergo surgical intervention later than

24 h. This effect was not seen when the entire population was an-

alyzed (including the complete AIS A patients).
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